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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 (fficacy of an air-ileaning device eqttipped with a h
(HI'.I'A) filler (without Itirtlier avoidance measures) was si
house dusl mite. The ellects of the air-eleaner on iiulooi
syiiipiom score and broiK-hial liy|ierresponsiveiiess in niiv
assessed using a cross-over controlled study. No signillcan

igh eliiiieney parti(-ulate air
udied in patients allergic to

Drnnattifiliat;tnfin sp. levels,

niiteallergic patients wore
elTecl was deinonsti-ated on

indoor Dtmmtophagoidrs sp. levels when comparing tin- |M-ri(id of air-deaiu-r activity (2
months) with the eontrol |M;riod (2 months). The Dmnato/ihagoidrf sp. levels in the houses
studied were lower than the risk level for aslhinatic atlat-ks, making il dilUcull lo assess
any eli'eet on aslhma; however, neilher liriinehial hyperresponsivene.ss nor rhinilis
symploni seore were changed by air cleaner activity. During ihe Irial periml. liowever lllf
mi-an level of Dennatupliiifuiiin sp. allergen in die lious<-s < hanged spoiilaneotisly Irolii 4.4
ng/g ( mean level in the fnsi 2 trial inonlhs) lo I. 75 ng/g of dusl (second 2 months)
(/ '<().()5). Owing lo ihis change, ihe mean rhinitis symploni .score also deereased
(/ '<().()5), (-v<-n if no signifiiant ei>irelali<)n was deinonslraled (r = 0.4 / ' = 0.089).
HEPA niter air cleaners appear iiisuirieienl as substilules for standard avoidance mea-
sures in niitc- all(-rgi< pali<-iils.

Key words: air cleaning devi((-, avoidanee

HKI'A fillers, mile allergy,

Arrrfitrd fur pnhlication I') March Ifl'H

s. bronchial hyp<-n-es|K)iisiveness,

Since 1924, llu- inlluciu-c of environmental fac-
tors on asthma has been noted and the "treat-
ment" of the air breathed by these patients was
proposed (24). 'I he development of such obser-
vations has resulted in well-defined preventive
measures, particularly for mite-alleri^ic subjects
(14, 16, 17).

Although some studies reported only minimal
or no itnprovement in asthmatics followini; en-
vironmental prophylaxis (5, 8), the clinical effi-
cacy of vigorous allergen avoidance measures
appears to have been confirmed (3, 6, 7, 18).
I'.lficacy is well-correlated to the aggressiv of the
avoidanee 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 condition.s.

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

In a randomized (-ontrolled study we have
examined the effect on clinical symptoms and
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Table 1

Characteristics ot" patients in the picttial |)eri()ci

Age
mean
range

Male/l'etnale ratio

t*riek test
mean (SD) area of wheal
skin positivity for other allergens
absent from the environment in
the study period

Mean 1'1',V, (% pretH)
mean
nuige

Metaeholine PD^j FEV,
geometric mean
range

16 years
10-28

7/3

104 + 36 mm

3/10

93

70-110

U.-iKg
32-291 ng

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

MATERIAL AND METHODS

Palients

Nine youtig subjects (tion-smokcrs) afiocted by
rhinitis and mild asthma (baseline FEV,
> 70% of predicted values CECA) were
studied between October 1988 and Febtuary
1989.

The patients were skin positive to D. pteronys-
si?tus and D. farinae (Table 1). A positive skin
])rick test (Phazet Pharmacia) was defined as a
weal 4 ttim greater iti diameter than the control.
No subjeets were undergoing long-term therapy
with cot ticostcroids, theophylline, DSCG, speci-
iic immunotherapy, nor had a positive ease
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 wete no

significant dilferetices between the groups con-
cernitig the mean baseline FEV,, area of cuta-
neous wheal, and PD^,, FEV, metacholine. One
gtoup used Enviraeaire (in the bedtoom) 24
h/day for at least 8 weeks, as well as the routine
house cleanitig. The other group in the same
test period, cartied out only routine house
eleaning. After the first period the placing of
Enviraeaire 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
cart ied out by a person who was unaware of the
previous baseline values or to which group the
patient had been alloeated. Before the beginning
of the tiial, and after each tiionth, house dust
samples were collected irom the bedroom. Aller-
gen quantitation was also performed by persons
unaware of the placement of Enviraeaire during
satnple collection.

During the ttial petiod,the patients were
given a diary catd and asked to record the best
of three peak expiratory flow (PEF) recordings,
tnorning and evening, using an Assess peak
How meter. In addition, they made daily tecord-
ings of their symptotn 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 (maximutn symptoms).
These sytnptotns included rhinitis, cough, dys-
pnoea. The mean severity of each symptotn was
calculated according to the following fotmula:

Total of sytnptomatic days/number of trial
days X total of sytnptom score /ntnnber oi
symptotnatic days.

With this formula eaeh mean symptotn seotc
tanged ftom 0 to 3. The days on which drugs
wete used were totalled and divided by the
nutnber of trial days to obtain each medication
score.

Metacholine bronchial provocation test

The metacholine PD,,, FEV, was evaluated ac-
corditig to the tncthod (20) summarized below.
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A jet nebulizer eonnccted to a dosimeter driven by
compressed air ( Mcfar MB3, Italy) generated
aerosols. With I..") kg/cm^ inlet pre.ssure and 1.5
s duration ol' nebulization an ampule output of
10 mg of solution vŝ as obtained. A pneumo-
tachograph (Altair 1000 COSMED, Italy) was
used to measure ventilatory function.

Wearing a noseclip, eaeh patient inhaled via
a mouthpiece frotn a dosimeter, using tidal
breathing, first phosphate buffered saline, fol-
lowed by, at 5-min intervals, inereasing doses of
metaeholine aerosol (20, 40, 80, 120, 200, 400,
800, 1600, 3200 ng). The response measure-
ment was performed 3 min after the onset of
eaeh inhalation. Baseline FEV, was taken as the
best of three measurements after ftve phosphate
buffered saline inhalations. Metaeholine inhala-

ENVIRACAIRE

O N D J

Enviracaire before

o H D J

Enviracaire after

Fig. I. Changes in the Der p I + Der f I + Der m I content
(ng/g) ol" scriat du.st samples otitainccj from each house,
related to the month and the: |)iosc;ncx' ol' Enviracaire.

tions were eontinued until the deerease in EEV,
was > 20% below the post-diluent value; the
log-eumulative dose of metaeholine producing
this change, was eonsidered a measure of bron-
ehial responsiveness.

Collection of samples and allergen quantttation

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

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

Quantitation of the major fecal allergen of D.
pteronyssinus (Der p I), /?. farinae (Der f I) and D.
microceras (Der m I) was performed by ELISA.
Monoelonal antibodies were used as eapture
layer for Der p I and Der f I; rabbit antibody
was used for Der m I. The assay was performed
essentially as described in (9, 10, 11). The
results are stated as ng allergen/g dust.

Statistical analysis

The Student t test for paired observations was
used. The correlation coefftcent was obtained by
use of linear regression analysis. All probabil-
ities < 0.05 were eonsidered signilieant.

RESULTS

All patients completed the study; the only com-
plaint (by one patient) eoneerned exeessive
nighttime noise produeed by the Enviracaire in
the bedroom.

Presence of allergens in the bedroom

A dose of major allergen of Dermatophagoides sp
> 10 |ig/g floor dust was found in only one of
the 49 samples examined; 39 .samples had an
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Der p I ug/g

Fig . 2. Va i i a t in i i of tlie m e a n nii tc c o n t a m i n a t i o n level in 12

h o u s e s in the city of Aiicoi ia d u r i n g 198t). T h e m o n t h l y

m e a n was based on 60 dus t sani])les ( t ) .

allergen level between 0.5 atid 10 |.ig and the
remaining nine had values between 0 and 0.5
|ig. Referring to the dose/effect relatiotiship de-
scribed by other authors (17), the degree of
eontarnination in the houses studied appeared
low.

A comparison of the floor allergeti levels with
and without Enviraeaire showed no signilicant
differences. Instead, a spontaneous deerease 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) (Eig. 2). A signilicant differ-
ence (P < 0.05) in mean allergen quantity be-
tween October-Deeember (4.4 ng/g of dust)and
January-February) (1.75 Hg/g of dust) was
doeumented.

Symptom analysis

The .symptom mainly observed was rhitiitis
(Fig. 3). Beeause of the large spontaneous 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-
senee in the house. There was a signifieant
decrease (P < 0.05) in the mean of rhinitie
symptoms linked to the spontaneous reduction
of mite contamination, while the presence of

Patients n. 9

rhinitis cough vheezing salh. terf.

Fig. 3. Syinjltoni and nu'dication scores recorded during the
study (iiK'an± SD), . • - \ ., •. •. • : -

Enviraeaire had no significant influence (Fig.
4). . . . '

We observed evident rhinitie symptoms with
mild involvement of the lower airways at a
tneati envirotitnetital close ol Dermatophagoides sp.
major allergen of 4.4 )ig7g of dust (Oetober-
December). During January-February, the
lowering of the mean contamination to 1.75
Hg/g of dust with a significant deerease in the
rhinitis symptom score (7-" < 0.05) was docu-
tnetited; however, no signifieant eorrelation was
demonstrated (r = 0.4 P = 0.089). The scores
obtained for the other symptoms were too small
to allow a statistieal evaluation. No significant
change was found in mean baseline FEV, , PEE
analysis and PD ,̂, FEV,, either in relation to the
pre.sence of Enviraeaire or to spontaneous mite
contamination levels (Table 2).

DISCUSSION

The study indicates that Etiviracaire, without
other avoidance measures, did not significantly
ehange the degree of mite allergen contami-
nation nor infiuence 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 bronehial hyperre-
sponsiveness nor the rhinitis symptom score
were changed by air-cleaner activity.

Another study found no elinical benefit fol-
lowing the eombined use, for 2 weeks, of air
cleaning devices (electronic and HEPA filter
equipped) and avoidanee measures in house
dust tnite allergie pjitients (4). Fifteen days was
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p<O.OS

Patient n. 9

Ante Post Control Envi

f'ig. 4. Analysis ol'llu: rhinilis symptom score (mean + SD) in
relation to the .sp{)nlaneou.s evolution ol the degree ot mite
<x)ntamination (ante/post) and to the presence ol Enviraeaire
(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 Enviraeaire with active filter and 4
weeks of Enviraeaire with blank filter in alle-
viating respiratory symptoms and redueing par-
tieulate matter in the bedroom (21). An average
70% reduction in the partieulate tnatter with
active HEPA filters was demonstrated, but
there was no difference tn total symptom/medi-
eation scores or individual symptom seores dur-
ing the plaeebo and the active filter periods. To

elitninate any earry-over effect from the previ-
ous time, an analysis of the last 2 weeks of eaeh
filter period was evaluated. Active filter benefit
was suggested by the signifieant irnprovernent of
some symptoms (nighttime nasal congestion,
eye, ear, nose and throat irritation) but asthma
symptoms and medieation scores were unaf-
fected by active filter use.

No clear relatiotiship between the absolute
particle eount and clinical response could be
documented.

In accordanee with other authors (13, 21) we
believe that some general faetors itifluence the
effectiveness of air-cleaning devices, putting into
question the real value of such units. In addi-
tion to the elinieal effeets of exposure to mites,
other than in the room where air cleaning was
in use, the rapid settling out of airborne feeal
mite pellets earrying class I allergen (30-45
min) induces us to believe that very little air-
borne allergen exists apart from domestic aetiv-
ities (13, 15, 19). However, it has recently been
indieated (22) that elass II allergen (primarily
assoeiated with l̂ ody fragments) has longer air-
borne permanenee. Thus, for mite-allergie pa-
tietits to remove allergen from the air without
attending to the most irnportant phase of expo-
sure (e.g., contact with the tnattress during
sleep) appears to be insufficient. The best elitii-

Tablc 2 . . . -

Changes in respiratory lunclional parameters sluclicd (mean ± SO) over a period ol 2 months in nine mite allergen patients.

PD.,0 FEV, (ng)*
ante - post
control - Enviraeaire

FEV, (1)

ante - post

control - Enviracairc

PEF (I/niin)

morning
evening

morning
evening

Control

44.') ±117
444±116

Ante
445±107
445±lt)9

117.2±2.2
123.«±l.!)

- 3.2I±84

3.13±B2

Enviraeaire
443±10ti
442 ±105

Post
442±116
441±113

97.2±3.1
108.t)±3

3.29±B7

3.27±73

r = NS

'I'lic Antc/Po.sl analysis is related lo llie spontaneous change oi liu; mite conlaminalion level.
Contioi/Rnviraeairt; is related lo the pliasc^s ol' Enviracaire use. *Geo]netrie mean. - .•̂ -
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eal improvements have been detnonstrated by a

laminar flow of HEPA-filtered air over the

sleeper's head (13, 25).

While we wet e unable to detnonstt ate the effec-

tiveness of Enviraeaire on symptoms, the sponta-

neous deerease of Dermatophagoides sp. allergen

from 4.4 (ig to 1.75 ng/g dust, during the study

period, did elicit a positive effect oti rhinitie

symptoms. This observation eonfirms the tole of

a larger allergen dose ( > 10 Hg Der p I/g of dust)

as a threshold dose lor asthmatic attaeks in mite-

allergie patients (14, 17, 19) but also etnphasizes

the role of small alletgen doses in eliciting nasal

symptoms and the elinieal efficaey resultitig from

the reduction of mite allergen levels. On the eon-

trary, this ehange in allergeti dose was insuffi-

cient to modify the level of bronchial hypene-

sponsiveness. This ts eonsistetit with the level ol

indoor tnite allergen ( > 2 |ig Der p I/g of dust)

whieh has been suggested to be the |3rovisional

standard level of risk to inet-ease bronehial reac-

tivity (17, 19).

The most convincing studies on ehatiged

bronehial hyperresponsiveness following avoid-

atiee measures were carried out in etivironments

in whieh the absence ( < 0 . 4 (.tg Der p I/g of

dust), more than the reduetioti of house dust

eontamination was assumed (3, 6, 7, 18).

In eonclusion, the authors believe that in

nortnal livitig and working conditions the de-

crease in the indoor mite allergen level improves

nasal and/or bronehial symptoms but, rarely

affects bronehial hyperresponsiveness. The

authors eonsider that the use of Envitaeaire as

an alternative to standard mite avoidance tnea-

sures is not advisable. However, further studies

are needed in order to evaluate the effeet of an

air-eleaning deviee in relation to dose and type

of alleigens so as to better define its elinieal tole.
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