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air purifier; Objectives: This study aimed to evaluate the efficacy of air purifier therapy for patients with
allergic asthma; allergic asthma.

fractional exhaled Methods: Thirty-eight subjects were categorized under two groups namely treatment
nitric oxide; group and control group. All subjects were under 18 years of age and they had been clini-
house dust mite; cally diagnosed with allergic asthma. The treatment group used high efficiency particulate
particulate matter air (HEPA) purifiers for six consecutive months, and the control group did not use the air

filters. Particulate matter (PM) data and dust samples (from bedding and a static point) were
collected from the subjects’ bedrooms before they started using the air purifiers and each
month thereafter. Simultaneously, the subjects were asked to complete a questionnaire for
the Asthma Control Test (ACT) or Childhood Asthma Control Test (C-ACT). Fractional exhaled
nitric oxide (FENO) tests were performed at the start and end of the study. The concentra-
tions of Der p1 and Der f1 were measured in the dust samples.

Results: (1) After utilizing the air purifier, the concentrations of house dust mite (HDM) aller-
gens (Der p1+ Der f1) in the dust samples decreased. In addition, the PM indoor/outdoor val-
ues significantly decreased. (2) The ACT and C-ACT scores in the treatment group maintained
a steady significant upward trend. (3) At the end of the study, the FENO levels in both groups
were lower, although the differences were not significant.

Conclusions: It is witnessed that HEPA air purifiers can decrease indoor HDM allergen and PM
levels and improve the quality of life for allergic asthma patients.
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Introduction

Allergic asthma is the most common clinical chronic air-
way allergic disease. This disease leads to insomnia, daily
fatigue, and decreased activity levels. Worldwide, 339
million people have asthma,' and nearly 41% of asthma
patients present allergic asthma.? Epidemiological investi-
gations have demonstrated that the prevalence of allergic
asthma continues to increase.! A large number of children
have asthma.3 Therefore, this research mainly focused on
children and teenagers under 18 years of age.

Allergic asthma is induced by exposure to environ-
mental triggers, including air pollution and house dust
mites (HDMs)." Research by Falcon-Rodriguez Cl et al.*
showed that particulate matter (PM), the exposure to
which increases oxidative stress and leads to asthma, is
the main component of air pollution. Some studies have
shown that the allergens that can trigger allergic asthma
come not only from HDMs but also from other sources,
including pollen, pet dander, pet hair, and insects. HDMs
are the most prevalent allergen source in patients with
asthma and/or rhinitis in China.> Moreover, the HDM
constitutes the main allergen affecting teenage asthma
patients in Guangzhou,® especially Der f1, which is the
predominant mite allergen found in dust, with very high
levels in bedding.” Thus, decreasing the levels of PM and
HDMs may be a feasible method of controlling asthma
symptoms.

Some studies have shown that high efficiency par-
ticulate air (HEPA) air purifiers can trap air pollutants.®
However, whether avoiding exposure to environmen-
tal allergens would alleviate asthma patients’ symptoms
remains unclear.” Therefore, this investigation aimed to
determine the long-term efficacy of HEPA air purifiers for
reducing PM and HDM allergens and to evaluate the effect
of air purifier use on subjects’ asthma symptoms.

Materials and Methods
Subject enrolment

The subjects (the treatment and the control groups)
were enrolled in this study at The First Affiliated Hospital
of Guangzhou Medical University. The inclusion crite-
ria were as follows: (1) Subjects were below 18 years
of age. (2) Subjects had skin prick tests that were pos-
itive for Der p1 and Der f1 allergens. ImmunoCAP was
performed to confirm the presence of Der p-specific IgE
and Der f-specific IgE in positive subjects (defined as
> 0.35 KU/L). (3) According to the 2018 Global Strategy
for Asthma Management and Prevention issued by the
Global Initiative for Asthma (GINA),® asthma can be classi-
fied according to severity. Subjects enrolled in this study
were diagnosed with mild asthma (acute exacerbations
could be alleviated by a short-term f, receptor agonist
without the need for maintenance medication) and diag-
nosed based on GINA. Grouping was performed as 1:1
randomization.’ (4) During the study, the subjects were
not allowed to change their place of residence. Subjects
were required to adhere well to the instructions provided
pertaining to the experiment (the treatment group was

instructed to use the air purifier, complete the question-
naire, return for a follow-up visit, and allow the collection
of samples; the control group was requested to complete
the same steps, with an exception of using the air puri-
fier). All subjects signed an informed consent form. The
subjects completed the installation of the air purifier
and started the experiment within 1 week after signing
the informed consent form. The study was approved by
the Ethics Committee of The First Affiliated Hospital of
Guangzhou Medical University.

Grouping and processing

This study utilized a random number sequence to assign
individuals to the treatment group and the control group;
the treatment group used air purifiers, while the control
group did not.

Air purifier intervention in the treatment group

This investigation provided a new HEPA air purifier
(BA1030/1045, BRI air purifier, Xiamen, China) to every
subject in the treatment group. The air purifier was
placed in the bedroom of each subject, and they were
asked to utilize the air purifier for six consecutive months
(August 2016 to February 2017). Before the subjects
used the air purifiers, they were taught by one of the
researchers how to use the devices correctly. Researchers
checked the air purifiers when they collected samples
each month. The filter of each air purifier was cleaned
after 3 months.

Air purifier usage

The air purifier was located at the head of each subject’s
bed. The air flow was carefully noted to prevent obstruc-
tion, and humidifiers were not permitted to be used at the
same time. The doors and windows were kept closed when
the air purifier was functioning. Moreover, the subjects
were asked to use the air purifier every day and they were
not allowed to clear the air filter themselves. The mean
duration of daily HEPA air purifier use was 9.6 + 3.3 h and
was fairly consistent during the course of the study.

Return visit

The researcher confirmed the air purifier placement and
evaluated the subjects’ correct usage of the air purifier on
monthly basis. Incorrect usage was corrected. The control
group did not receive any environmental interventions.

Sample collection

The researcher collected dust samples from the treatment
and the control groups before the air purifiers were pro-
vided and on monthly basis after the use of the air purifiers
was implemented.
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Bedding dust sample collection

Glass fiber filters and vacuum cleaners (Haier, ZW1401B)
were the main tools used to collect dust samples from
bedding. The glass fiber filter was set on the top of the
collector and fixed there with a rubber band; the vacuum
cleaner was used directly on the bedding. The duration of
the sample collection was 15 min.

Static dust collection

Through natural subsidence of dust particles, dust samples
were collected in a static location by a glass fiber filter. Each
glass fiber filter was placed in a 60-mm culture dish. The dish
was placed in a location with open exposure to the room
and it could not be moved or covered during the month.

PM data collection

The researchers utilized a PM detector (DT-9881M,
Huasheng Qi Xieco. Ltd., Shenzhen, China) to analyze
indoor and outdoor PM2>'° concentrations. The machine
was used for five-point collections (the middle and four
corners of the room) indoors. Outdoor collections were
performed in triplicate on the balcony or outside the win-
dow. The PM. ratio was recorded.

indoor/outdoor

Sample processing and extraction

Every dust sample was weighed and recorded when it was
collected. Then, the glass fiber filter was cut into pieces
and placed on a 10-mL syringe. Then, 1 mL [containing 1%
BSA (bovine serum albumin) and 0.05% Tween-20] of phos-
phate-buffered saline/tween (PBST) was added, and the
sample was extracted overnight at 4°C with shaking. The
extracted mixture was removed from the injector and cen-
trifuged at 4°C and 3000xg for 30 min. The supernatant
was removed and stored at -20°C.

HDM allergen content in dust

This research utilized a double antibody sandwich
enzyme-linked immunoassay (Indoor Biotechnologies,
Charlottesville, VA, USA-ELISA) to test for two key HDM
allergens, Der p1, and Der f1. According to the manufactur-
er’s instructions, the concentrations of Der p1 and Der f1
were tested in each sample. The weight per gram of Der p1
and Der f1 were calculated from the concentrations of Der
p1 and Der f1 and the weight of HDM.

Evaluation of subjects

The Asthma Control Test (ACT) and The Childhood Asthma
Control Test (C-ACT) were used to evaluate the subjects’
asthma control, while fractional exhaled nitric oxide
(FENO) was used to evaluate the ability of the air purifiers
to improve inflammation levels in the asthma patients.

ACT

ACT, which was designed by Nathan RA,'° is commonly used
in asthma control research. It is an ideal method of eval-
uating asthma control. The questionnaire was completed
by the subjects or their parents during each dust collec-
tion visit; ACT is only valid for adolescents aged 12 years
or above.

C-ACT

C-ACT, designed by Liu AH," is often used in asthma con-
trol research. The questions are answered by the subjects’
parents. The higher the score, the better the level of
asthma control is. A score greater than 20 indicates that
asthma is well controlled, while a score less than 20 indi-
cates that asthma is not well controlled.

FENO

FENO is a marker of airway inflammation. Subjects under-
went FENO tests (NIOX, Aerocrine, Sweden)'? at The First
Affiliated Hospital of Guangzhou Medical University.

Statistical analysis

SPSS 19.0 (SPSS Inc, Chicago, IL, USA) was utilized to record
and analyze data from the treatment and the control groups.
Descriptive analysis was used to evaluate the subjects’ basic
characteristics (gender, age, sIgE levels), the monthly HDM
allergen concentrations, the PM levels, and the ACT and
C-ACT scores. Normally distributed data are expressed as the
mean = SD, and non-normally distributed data are expressed
as the median [P, (P,,, P,;)]. The Kolmogorov-Smirnov test
was utilized to analyze the HDM allergen results. For nor-
mally distributed data, we used two independent samples
for a non-parametric test analysis. According to the data dis-
tribution model, a two-tailed t-test or non-parametric test
was used to compare the HDM allergen concentrations and
FENO rates before and after using an air purifier. Moreover,
repeated ANOVA was used to analyze the monthly HDM aller-
gen concentrations, PM ratios, ACT scores, and C-ACT scores.
P < 0.05 was considered statistically significant.

RESULTS

Basic characteristics of the subjects

Thirty-eight subjects were enrolled in this study. Both the
treatment group and the control group had 19 subjects.
These groups did not have any significant differences in
basic characteristics (P > 0.05) (Table 1).

HDM concentration in the subjects’ bedrooms

The HDM concentration of bedding in the treatment group
was 938 ng/g, while that in the control group was much
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Table 1 Baseline characteristics of the subjects.

Table 2 The level of Der 1 allergen before treatment.

Treatment group Control group Der p1 (ng/g) Der f1 (ng/g)
Sex (male) 10 (52.6%) 11 (57.9%) Bedding Treatment group 541 + 640* 397 + 242¢
Age, years 1M1+5 10+3 Control group 48 (12, 305)" 183 + 308"
Der p sIgkE (KU/L) 62 + 36 64 + 34 Static Treatment group 165 (157, 239)* 60 (59, 61)*
Der f sIgE (KU/L) 57 + 39 81 + 32 Control group 168 + 83* 45 + 35*
FEV1 2.59 + 1.24 1.65 + 8.00
FvC 2.82 £1.19 2.05 +0.83 *P < 0.05, P > 0.05. Comparison between Der p1 and
PM2.5, . eor 1.04 + 0.56 0.87 + 0.36 Der f1 in the same group.
PM10, ,  coor 1.09 + 0.54 0.84 + 0.31
HET g s 2o Dleases 20 lower, namely, 231 ng/g. In addition, in the static samples,
LLr Alde o Azl the HDM concentration in the treatment group was simi-
FENO 52 + 36 60 + 31

ACT, Asthma Control Test; C-ACT, Childhood Asthma
Control Test; FVC, Forced Vital Capacity.

In addition to “Sex (male),” there were comparisons
between the treatment group and the control group.
P > 0.05. Normal distributed data are expressed as
the mean + SD, and non-normally distributed data
are expressed as the quartile (P50 (P25, P75).

lar to that in the control group (225 ng/g and 213 ng/g,
respectively).

There were no significant differences between the
treatment group and the control group with respect to
the Der p1 and Der f1 concentrations in the bedding and
static samples (P > 0.05). The static dust samples from
the treatment and control groups were mainly composed
of Der p1. This finding demonstrated statistical signifi-
cance. The concentration of Der p1 was greater than that
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of Der f1 in the bedding samples of the treatment group,
while the concentration of Der p1 was less than that of
Der f1 in the bedding samples of the control group; how-
ever, this difference was not statistically significant (P >
0.05) (Table 2).

The influence of the air purifier on HDMs

Repeated ANOVA showed that the Der f1 concentrations in
the bedding and static dust samples and the concentration
of Der p1 in the static dust samples changed significantly
over time (P < 0.05). However, the increasing temporal
trend of the Der p1 concentration in bedding dust samples
did not reach statistical significance (P > 0.05) (Figure 1).
Compared with the baseline values, the HDM allergen con-
centrations in bedding and static dust samples after using
the air purifier were lower by 68.3% and 71.0%, respec-
tively. This finding was statistically significant. In the con-
trol group, the HDM allergen concentrations in bedding and
static dust samples did not change consistently over time
(Figure 1 (A, B, C, D)) and had not significantly decreased
6 months after the baseline (P > 0.05). The data points
shown in the figures represent the mean of each group.

Air purifier effect on PM

After using an air purifier, the PM, _, - . ratio signifi-

cantly decreased. (P < 0.05) Compared with the ratio

after 5 months of using the air purifier, the PM_
ratio recorded after the sixth month was slightly higher.
However, the PM,_, = o Tatio in the control group

demonstrated a nonsignificant increasing trend (P > 0.05)
(Figure 1E, F).

Evaluation of symptom improvement

ACT scores

As shown in Figure 2, after using an air purifier, the
ACT scores of the treatment group increased (P < 0.05)
(Figure 2A), while those of the control group did not
increase, indicating that the air purifier contributed to
the control of asthma symptoms in the treatment group.
Subjects in the treatment group experienced fewer asthma
symptoms and instances of medication use at night com-
pared with the baseline levels (Figure 3).

C-ACT scores

After utilizing the air purifier, the C-ACT scores of the treat-
ment group increased (P < 0.05) (Figure 2B). Moreover, the
frequency of asthma symptoms at night also significantly
decreased (Figure 4). However, the scores of the control
group did not significantly increase (Figure 2B).

Variation in FENO level

After using the air purifier, the FENO values of the treat-
ment group and the control group were 41 + 36 and
52 + 36, respectively, which were not significantly lower
than the corresponding values at the baseline. (P > 0.05)
(Figure 2C, D)
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Figure 2 The use of air purifiers helped to control asthma symptoms in the treatment group. (A-B) Variations in the ACT/C-ACT
total scores. *P < 0.05. Comparison of variations in the ACT/C-ACT total scores in the same group over time. (C-D) Variations in the
FENO level. ACT, Asthma Control Test; C-ACT, Childhood Asthma Control Test.
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Figure 3 The ACT scores of the treatment group increased. (A) Percentages of the answers to the first question of the
ACT questionnaire, “Does asthma restrict you in performing your usual daily activities?” (B) Percentages of the answers to the
second question of the ACT questionnaire, “How often have you had shortness of breath?” (C) Percentages of the answers to the third
question of the ACT questionnaire, “Do asthma symptoms wake you up at night or earlier than usual?” (D) Percentages of the answers
to the fourth question of the ACT questionnaire, “Have you used your rescue inhaler or nebulizer medication?” (E) Percentages of
the answers to the fifth question of the ACT questionnaire, “Rate your asthma control.” ACT, Asthma Control Test.

Discussion

This research revealed that air purifiers were able to effec-
tively improve asthma subjects’ symptoms and facilitate
asthma control by means of environmental intervention.
This finding was determined by measuring the HDM and PM
concentrations in asthma patients’ bedrooms as well as the
patients’ symptoms and medication use.

After utilization of the air purifier, HDM allergen con-
centrations in the bedding and static dust samples sig-
nificantly decreased. The decreases in HDM allergen
concentrations in the static dust and bedding samples may
be the results of the airflow generated by the air purifier
and the filtering functionality.

Controlling asthma patients’ symptoms is helpful in
preventing asthma-related mortality and comorbidities.”

However, with the deteriorating quality of the environ-
ment, it is difficult to control the symptoms of patients
with allergic asthma.'*"® Although environmental interven-
tion has been used as an adjuvant therapeutic method,’
it is based on subjects’ medication use, making it diffi-
cult to define its mechanism of action. Our research has
demonstrated that air purifiers, representing a type of
environmental intervention, can effectively decrease
the concentrations of HDM allergens and PM."® However,
this experiment still did not measure asthma symptoms.
Moreover, the observation time was short. Furthermore,
in this study, all subjects had mild symptoms and did not
need to take maintenance medications. Mild symptoms
in asthma patients tend to be controlled by traditional
Chinese medicine in China."”" If air purifiers represent an
effective adjuvant therapeutic method, it will become
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Figure 4 The C-ACT scores of the treatment group increased. (A) Percentages of the answers to the first question of the C-ACT
questionnaire, “How is your asthma today?” (B) Percentages of the answers to the second question of the C-ACT questionnaire,
“How much of a problem is your asthma when you run, exercise, or play sports?” (C) Percentages of the answers to the third
question of the C-ACT questionnaire, “Do you cough because of your asthma?” (D) Percentages of the answers to the fourth
question of the C-ACT questionnaire, “Do you wake up during the night because of your asthma?” (E) Percentages of the answers
to the fifth question of the C-ACT questionnaire, “During the last 4 weeks, how many days did your child have any daytime asthma
symptoms?” (F) Percentages of the answers to the sixth question of the C-ACT questionnaire, “During the last 4 weeks, how
many days did your child wheeze during the day because of asthma?” (G) Percentages of the answers to the seventh question of
the C-ACT questionnaire, “During the last 4 weeks, how many days did your child wake up during the night because of asthma?”
C-ACT, Childhood Asthma Control Test.
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easier to control allergic asthma symptoms and prevent
exacerbation of the disease. Although the FENO values in
this study did not significantly change, there was a decreas-
ing trend, which indicates that this method has a certain
effect on asthma-related airway inflammation. According
to the ACT/C-ACT scores, the subjects’ frequency of awak-
ening at night decreased with the use of the air purifier,
which indicated that the subjects’ nocturnal asthma symp-
toms were improved. Asthma symptoms at night are one
of the main problems faced by asthmatic individuals; at
night, mild asthma can be exacerbated. Moreover, asthma
patients are more likely to develop obstructive sleep apnea
than those without asthma.? In addition, the ACT/C-ACT
scores showed that subjects’ daily limitations and med-
ication frequency decreased after using the air purifier.
The increased ACT/C-ACT scores demonstrated that the
subjects’ asthma symptoms were better controlled after
using the air purifier. Xiang L et al.? demonstrated that
exposure to Der p1 and Der f1 and ACT/C-ACT scores are
negatively correlated. It is possible that the air purifier
decreased the HDM allergen concentration in the bedroom,
thereby improving the subjects’ asthma symptoms. After
the air purifier was used for 6 months, the PM2.5 ,
and PM10, . .. rFatios significantly decreased. This find-
ing demonstrated that the HEPA air purifier could improve
the air quality. Although this research utilized the ratio of
indoor to outdoor PM concentrations to avoid the effect of
variable outdoor PM concentrations, it cannot be ignored
that the result may have been affected by external envi-
ronmental factors. At the same time, this research also
cannot exclude the effects of deviations in subjects’ med-
ication usage.

Paulin LM et al.?? indicated that the efficiency of puri-
fication will decrease after utilizing an air purifier for
3 months. However, it is still unclear whether the effi-
ciency decreases because the filter element’s efficiency
decreases or because the filter screen’s and filter ele-
ment’s efficiencies decrease at the same time; therefore,
this study tried to explore this problem by cleaning the fil-
ter screen in the third month without replacing the filter
element. The HDM allergen concentration in the bedding
dust samples increased after 3 months, suggesting that the
purification efficiency of the air purifier was decreasing.
After the filter screen was cleaned, the bedding HDM aller-
gen concentration decreased again. However, we did not
find similar results in the other metrics used in this study.
It is worth mentioning that the HDM allergen concentration
in the bedding dust samples and the PM ratio increased
after the sixth month of using the air purifier compared
with the values after the fifth month. This finding may
show that the air purifier’s filter screen accumulated too
much dust every 3 months, causing a decrease in the filter
efficiency. The decrease in the filter efficiency may cause
a decrease in the efficiency of the filter element and, con-
sequently, a decrease in the overall purification efficiency
of the device. Thus, preserving good conditions for the fil-
ter element by cleaning the filter screen every 3 months
can help maintain the efficiency of the air purifier; more-
over, air purification can be regarded as a feasible method
of controlling asthma symptoms.

In general, this research revealed that HEPA air purifi-
ers can effectively decrease indoor HDM allergen and PM

levels and control allergic asthma symptoms. Moreover,
the subjects’ quality of life can be improved. However, this
study did not use a placebo. Future investigations should
include a placebo to further explore the effectiveness of
air purifiers as a method of environmental intervention.
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