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Efficacy of an air-cleaning device equipped with
a high efficiency particulate air filter in
house dust mite respiratory allergy
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The efficacy of an air-cleaning device equipped with a high efficiency particulate air
(HEPA) filter (without further avoidance measures) was studied in patients allergic 1o
house dust mite. The effects of the air-cleancr on indoor Dermatophagoides sp. levels,
symptom score and bronchial hyperresponsiveness in nine mite-allergic paticnts were
assessed using @ cross-over controlled study. No significant effect was demonstrated on
indoor Dermatophagoides sp. levels when comparing the period of air-cleaner activity (2
manths) with the control period (2 hs). The De yphagordes sp. levels in the houses
studied were lower than the risk level for asthmatic attacks, making it difficult 1o assess
any cffect on asthma; however, neither bronchial hyperresponsiveness nor rhinitis
symptom score were changed by air-cleaner activity. During the trial period, however the
mean level of Dematophagoides sp. allergen in the houses changed spontancously from 4.4
welg ( mean level in the first 2 il months) w0 1. 75 pg/y of dust (second 2 months)
(P < 0.05). Owing to this change, the mean rhinitis symptom score also decreased
(P < 0.05), even if no significant correlation was demonstrated (r = 0.4 P = 0,089).
HEPA filter air-cleaners appear insufficient as substitutes for standard avoidance mea-
sures in mite allergic patients.
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Since 1924, the influence of environmental fac-
tors on asthma has been noted and the “treat-
ment” of the air breathed by these patients was
proposed (24). The development of such obser-
vations has resulted in well-defined preventive
measures, particularly for mite-allergic subjects
(14, 16, 17).

Although some studies reported only minimal
or no improvement in asthmatics following en-
vironmental prophylaxis (5, 8), the clinical cffi-
cacy of vigorous allergen avoidance measures
appears to have been confirmed (3, 6, 7, 18).
Efficacy is well-correlated to the aggressiv of the
avoidance measures employed, for example,
change of residence (3, 7, 18) or use of liquid

nitrogen (6); however, serious problems are in-
volved when adopting effective mite environ-
mental prophylaxis in normal living and work-
ing conditions,

In an effort to increase the efficacy of avoid-
ance measures, and to alleviate the hardships
caused by their rigorous application, the use of
acaricides (2, 12, 23) and air-cleaning devices
(4, 21, 25) has been proposed. The clinical
efficacy of the latter has not been properly de-
fined. Studies done of air-cleaning devices have
analysed changes in clinical symptoms without
assessing the allergen environment (13).

In a randomized controlled study we have
examined the effect on clinical symptoms and
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Table 1

Characteristics of patients in the pretrial period

Age
mean 16 years
range 10-28
Male/Female ratio 7/3

Prick test
mean (SD) area of wheal
skin positivity for other allergens

104 + 36 mm’

absent from the environment in

the study period 3710
Mean FEV, (% pred)

mean 93

range 70-110
Metacholine PD,, FEV,

geometric mean 115 g

range 32-291 pg

indoor allergens of a commercial air-cleaning
device equipped with a HEPA filter (Envira-
caire), as well as normal house cleaning.

MATERIAL AND METHODS

Patients

Nine young subjects (non-smokers) affected by

rhinitis and mild asthma (baseline FEV,
> 70% of predicted values CECA) were

studied between October 1988 and February
1989.

The patients were skin positive to D. pleronys-
stnus and D. farinae (‘Table 1). A positive skin
prick test (Phazet Pharmacia) was defined as a
weal 4 mm greater in diameter than the control.
No subjects were undergoing long-term therapy
with corticosteroids, theophylline, DSCG, speci-
fic immunotherapy, nor had a positive case
history of viral infections in the month preced-
ing the start of the study. The mean duration of
the disorder was 7 years.,

Study design

The study was designed as a cross-over trial.
Patients were randomly divided into two groups
of five and four subjects in each. There were no
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significant differences between the groups con-
cerning the mean baseline FEV,, area of cuta-
neous wheal, and PD,, FEV, metacholine. One
group used Enviracaire (in the bedroom) 24
h/day for at least 8 weeks, as well as the routine
house cleaning. The other group in the same
test period, carried out only routine house
cleaning. After the first period the placing of
Enviracaire was reversed, the second group
used the air-cleaning device, while the first only
did routine house cleaning.

A bronchial metacholine test was performed
before the beginning of the trial, and after 8 and
16 weeks. The second and third challenge was
carried out by a person who was unaware of the
previous baseline values or to which group the
patient had been allocated. Before the beginning
of the trial, and after each month, house dust
samples were collected from the bedroom. Aller-
gen quantitation was also performed by persons
unaware of the placement of Enviracaire during
sample collection.

During the trial period,the patients were
given a diary card and asked to record the best
of three peak expiratory flow (PEF) recordings,
morning and evening, using an Assess peak
flow meter. In addition, they made daily record-
ings of their symptom score, and of the number
of terfenadine tablets and of salbutamol inhala-
tions used for symptomatic relief (the only per-
mitted medications). Subjective severity of their

‘symptoms was scored on an analogue scale from

0 (asymptomatic) to 3 (maximum symptoms).
These symptoms included rhinitis, cough, dys-
pnoea. The mean severity of each symptom was
caleculated according to the following formula:

Total of symptomatic days/number of trial
days x total of symptom scorc /number of
symptomatic days.

With this formula each mean symptom score
ranged from 0 to 3. The days on which drugs
were used were totalled and divided by the
number of trial days to obtain cach medication
score.

Metacholine bronchial provocation test

The metacholine PD,, FEV, was evaluated ac-
cording to the method (20) summarized below.
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A jet nebulizer connected to a dosimeter driven by
compressed air ( Mefar MB3, Italy) generated
acrosols. With 1.5 kg/em” inlet pressure and 1.5
s duration of nebulization an ampule output of
10 mg of solution was obtained. A pncumo-
tachograph (Altair 1000 COSMED, Italy) was
used to measure ventilatory function.

Wearing a noseclip, each patient inhaled via
a mouthpicce from a dosimeter, using tidal
breathing, first phosphate buffered saline, fol-
lowed by, at 5-min intervals, increasing doses of
metacholine aerosol (20, 40, 80, 120, 200, 400,
800, 1600, 3200 pg). The response measure-
ment was performed 3 min after the onset of
cach inhalation. Baseline FEV | was taken as the
best of three measurements after five phosphate
buffered saline inhalations. Metacholine inhala-
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Fig. 1. Changes in the Der p1 + Der {1 4+ Der m I content
(nglg) of serial dust samples obtained from each house,
related to the month and the presence of Enviracaire.

tions were continued until the decrease in FEV,
was > 20% below the post-diluent value; the
log-cumulative dose of metacholine producing
this change, was considered a measure of bron-
chial responsiveness.

Colleetion of samples and allergen quantitation

Monthly dust samples were collected from the
bedroom floor the day after usual room clean-
ing. Collection time was 30 min, always using
the same vacuum-cleaner with a fresh dispos-
able bag each time.

The dust was emptied into a sealable plastic
bag and stored at -20°. When all the samples
were collected they were sent (refrigerated by
dry ice) by air to the laboratory in Copenaghen
(ALK Laboratorics).

Quantitation of the major fecal allergen ol D.
pteronyssinus (Der p 1), D. farinae (Der ['1) and D.
microceras (Der m 1) was performed by ELISA.
Monoclonal antibodies were used as capture
layer for Der p 1 and Der [ I; rabbit antibody
was used for Der m . The assay was performed
essentially as described in (9, 10, 11). The
results are stated as pg allergen/g dust.

Statistical analysis

The Student t test for paired observations was
used. The correlation coefficent was obtained by
use of linear regression analysis. All probabil-
itiecs < 0.05 were considered significant.

RESULTS

All patients completed the study; the only com-
plaint (by one patient) concerned excessive
nighttime noise produced by the Enviracaire in
the bedroom.

Presence of allergens in the bedroom

A dose of major allergen of Dermatophagoides sp
> 10 pg/g floor dust was found in only one of
the 49 samples examined; 39 samples had an
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Fig. 2. Variation of the mean mite contamination level in 12
houses in the city of Ancona during 1986, The monthly
mean was based on 60 dust samples (1).

allergen level between 0.5 and 10 pg and the
remaining nine had values between 0 and 0.5
pg. Referring to the dose/effect relationship de-
seribed by other authors (17), the degree of
contamination in the houses studied appeared
low.

A comparison of the floor allergen levels with
and without Enviracaire showed no signilicant
differences. Instead, a spontancous decrease in
allergen levels was observed between the first
and the second study period (Fig. 1). This find-
ing was in agreement with the seasonal varia-
tions of house dust mite contamination observed
by other authors (17) and also confirmed in our
geographic area (1) (Fig. 2). A significant differ-
ence (P < 0.05) in mean allergen quantity be-
tween October-December (4.4 pg/g of dust)and
January-February) (1.75 pg/g of dust) was
documented.

.S]Jmpr.fm: analysis

The symptom mainly observed was rhinitis
(Fig. 3). Because of the large spontancous varia-
tions in house dust mite contamination, the
symptom score analysis not only evaluated the
effects of Enviracaire but also the role of the
higher (first 2 months) and lower (subsequent 2
months) allergen levels, independent of its pre-
sence in the house. There was a significant
decrease (P < 0.05) in the mean of rhinitic
symptoms linked to the spontancous reduction
of mite contamination, while the presence of

Patients n. 9

0+
rhinitis cough wheezing salb. terf.
Fig. 3. Symptom and medication scores recorded during the

study (mean = SD).

Enviracaire had no significant influence (Fig.
4).

We observed evident rhinitic symptoms with
mild involvement of the lower airways at a
mean environmental dose of Dermatophagoides sp.
major allergen of 4.4 pg/g of dust (October-
December).  During  January-February, the
lowering ol the mean contamination to 1.75
ng/g of dust with a significant decrease in the
rhinitis symptom score (£ < 0.05) was docu-
mented; however, no signilicant correlation was
demonstrated (r = 0.4 P = 0.089). The scores
obtained lor the other symptoms were too small
to allow a statistical evaluation. No significant
change was found in mecan baseline FEV, , PEF
analysis and PD,, FEV | cither in relation to the
presence of Enviracaire or to spontaneous mite
contamination levels (Table 2).

DISCUSSION

The study indicates that Enviracaire, without
other avoidance measures, did not significantly
change the degree ol mite allergen contami-
nation nor influence allergic symptoms caused
by mite allergens. The levels of allergen con-
tamination in the houses studied were almost
always lower than the risk level for asthmatic
attacks, making it difficult to assess any effect
on asthma: however, neither bronchial hyperre-
sponsiveness nor the rhinitis symptom  score
were changed by air-cleaner activity.

Another study found no clinical benefit fol-
lowing the combined use, for 2 weeks, of air
cleaning devices (electronic and HEPA filter
equipped) and avoidance measures in house
dust mite allergic patients (4). Fifteen days was
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Fig. 4. Analysis of the rhinitis symptom score (mean®8D) in
ite

relation to the spontancous evolution of the degree of 1
contamination (ante/post) and 1o the presence ol Enviracaire

(control/Envi).

probably too short a test period to evaluate any
possible positive effect on symptoms (16).

The suggestion of “some benefit” from the
use of HEPA filters was reported in one double-
blind study which was designed to compare 4
weeks of Enviracaire with active filter and 4
weeks of Enviracaire with blank filter in alle-
viating respiratory symptoms and reducing par-
ticulate matter in the bedroom (21). An average
70% reduction in the particulate matter with
HEPA filters was demonstrated, but
there was no difference in total symptom/medi-

active

cation scores or individual symptom scores dur-
ing the placebo and the active filter periods. To

climinate any carry-over effect from the previ-
ous time, an analysis of the last 2 weeks of each
filter period was evaluated. Active filter benefit
was suggested by the significant improvement of
some symptoms (nighttime nasal congestion,
eye, ear, nose and throat irritation) but asthma
symptoms and medication scores were unal-
fected by active filter use.

No clear relationship between the absolute
particle count and clinical response could be
documented,

In accordance with other authors (13, 21) we
believe that some general factors influence the
elfectiveness of air-cleaning devices, putting into
question the real value of such units. In addi-
tion to the clinical effects of exposure to mites,
other than in the room where air cleaning was
in use, the rapid settling out of airborne fecal
mite pellets carrying class 1 allergen (30-45
min) induces us to believe that very little air-
borne allergen exists apart from domestic activ-
itics (13, 15, 19). However, it has recently been
indicated (22) that class Il allergen (primarily
associated with body [ragments) has longer air-
borne permanence. Thus, for mite-allergic pa-
tients to remove allergen from the air without
attending to the most important phase of expo-
sure (e.g., contact with the mattress during
sleep) appears to be insufficient. The best clini-

Table 2

Changes in respiratory functional parameters studied (mean & S1) over a period of 2 months in nine mite allergen patients.

PD,, FEV, (ug)*

ante = post

contral = Enviracaire
FEV, (1)

ante - post

control - Enviracaire

PEF (I/min)

Control

morning 445117

evening 444116
Ante

4454107
45+ 104

morning
evening

117.2+£2.2
123.821.9

3.21+84
3.13%£82

97.2£3.1
108,63

3.29+87
3.27x73

Enviracaire
H3E 106
4424105

PPost
442116
441113

P = NS

The Ante/Post analysis is related 1o the spontancons change ol

| the mite contamination level.

Control/Enviracaire is related to the phases of Enviracaire use. *Geometric mean,
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cal improvements have been demonstrated by a
laminar flow of HEPA-filicred air over the
sleeper’s head (13, 25).

While we were unable to demonstrate the effec-
tiveness of Enviracaire on symptoms, the sponta-
neous decrease ol Dermatophagoides sp. allergen
from 4.4 pg to 1.75 pg/g dust, during the study
period, did eclicit a positive effect on rhinitic
symptoms. This observation confirms the role of
a larger allergen dose (= 10 pg Der p /g of dust)
as a threshold dose for asthmatic attacks in mite-
allergic patients (14, 17, 19) but also emphasizes
the role of small allergen doses in eliciting nasal
symptoms and the clinical efficacy resulting from
the reduction of mite allergen levels. On the con-
trary, this change in allergen dose was insulfi-
cient to modily the level of bronchial hyperre-
sponsiveness. This is consistent with the level of
indoor mite allergen (= 2 pg Der p 1/g of dust)
which has been suggested to be the provisional
standard level of risk to increase bronchial reac-
tivity (17, 19).

The most convincing studies on changed
bronchial hyperresponsiveness following avoid-
ance measures were carried out in environments
in which the absence (= 0.4 pg Der p I/g of
dust), more than the reduction of house dust
contamination was assumed (3, 6, 7, 18).

In conclusion, the authors believe that in
normal living and working conditions the de-
crease in the indoor mite allergen level improves
nasal and/or bronchial symptoms but, rarely
affects  bronchial  hyperresponsiveness.  The
authors consider that the use of Enviracaire as
an alternative to standard mite avoidance mea-
sures is not advisable. However, further studies
are needed in order to evaluate the effect of an
air-cleaning device in relation to dose and type
ol allergens so as to better define its clinical role.
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