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Thirty single-family homes with either high (= 2000 ng/g) or low

(<1000 ng/g) house-dust mite (HDM) allergen levels in mattress dust were
examined for ventilation, thermal climate, and air quality (formaldehyde
and total volatile organic compounds (TVOC). Elevated concentrations of
HDM allergen in mattress and floor dust were associated with the difference
in absolute humidity between indoor and outdoor air, as well as with low
air-change rates of the home, particularly the bedroom. No correlation was
found between concentration of TVOC or formaldehyde in bedroom air
and HDM allergen concentration. In regions with a cold winter climate, the
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Infestation of homes by house-dust mites (HDM)
has been considered to be rare in the Stockholm area
for climatic reasons: long and cold winters resulting
in a prolonged heating season and dry indoor con-
ditions. In a study done in 1975, HDM were found
in 1.59, of the homes of adult patients with respi-
ratory allergies (17). A decade later, in the same
geographic area, Nordvall et al. (13) found mite an-
tigens in mattress dust in 679% of the homes of
HDM-sensitized children, and a subsequent study
in 1987 revealed that 40% of the homes of HDM-
sensitized children were infested, as well as 239, of
the homes of nonallergic neighborhood children (19).

Infestation by HDM is associated with indoor air
humidity (3, 4, 6, 7, 10, 12, 19). The infestation rate
is low in homes with indoor absolute humidity below
7 g/kg air during 1-2 months of the winter, corre-
sponding to a relative humidity of 459, at 20-22°C
(1). In regions such as the Fenno-Scandinavian
countries, it should be possible to keep the indoor air
humidity satisfactorily low by ventilation. It has been
proposed that ventilation rates = 1.0 air changes per
hour (ach; m*/m* per h = 1/h) in homes in Denmark
would protect against mite infestation (1).

The major aim of this study was to investigate the
relationship between HDM infestation and ventila-
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air-change rate of the home and the infiltration of outdoor air into the
bedroom appear to be important for the infestation of HDM.
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tion rates. Occurrence of airway irritants such as
volatile organic compounds (VOC) and formalde-
hyde was also studied in relation to mite infestation
and ventilation. The hypothesis was that low ven-
tilation rate and high indoor air humidity cause
elevated concentrations of such air pollutants,
which may act as adjuvants for the development of
allergy.

Material and methods

The 13 homes with the highest HDM allergen con-
centration (22000 ng/g) of mattress dust and 17
homes without or with a low (<1000 ng/g) HDM
allergen concentration in mattress dust were selected
from a case-referent study of HDM-sensitized chil-
dren (19, 20). One home with high allergen concen-
tration in mattress dust was not occupied during the
week of measurements, and was excluded.

All homes were single-family homes situated in
the same area of Stockholm. Measurements and in-
spections of the homes were done during 2 weeks in
December 1989. The outdoor air temperature during
the period was between +1°C and —-11°C. The
homes were inspected for type of building. tvpe of
ventilation, and occurrence of water mold damage.



Dust samples from the mattresses of the children’s
beds and bedroom floors were collected by a tech-
nician, as specified by Mosbech & Lind (11). The
families’ own vacuum cleaners were used with a
nozzle containing a filter with an average pore
diameter of 5-6 pm (19). Vacuum cleaning of the
bed mattress was done for 5 min after removal of the
bed linen and for 2 min of 2-3 m* of the bedroom
floor near the bed. The major allergens of Der p I,
Der [ 1, and Der m | of the three Dermatophagoides
species pteronyssinus (Dpr), farinae (Df'), and micro-
ceras (Dm) were measured separately by enzyme-
linked immunosorbent assay at Allergologisk Lab-
oratorium A/S, Denmark (9, 19). In the analyses,
the sum of the concentrations of Der p 1, Der f 1, and
Der m 1 was used as the dependent variable, HDM
allergen concentration.

Measurements of ventilation, integrated over 1
week, were made with a passive multiple tracer gas
method developed by Brookhaven National Labo-
ratory (14). Homes were divided into at least two
zones with the child’s bedroom as one. The zone-
to-zone air flow, as well as the infiltration and exfil-
tration of air from and to the outside, was measured.
Analyses were done at the Danish Building Research
Institute. The method makes it possible to assess the
air flows during normal use of the home and over a
prolonged time span. This work focuses on the fol-
lowing variables:

— the total ventilation of the home expressed as air-
change rate (ach) and outdoor air-flow rate per
person (1I/s.p.)

— the specific air-change rate of the bedroom (infil-
tration of outdoor air directly to bedroom), also
expressed as ach and I/s.p. (number of persons
sleeping in bedroom)

— the air-flow rate between the bedroom and the rest
of the home, expressed as air-flow rate in 1/s.p. in
the home, and as air-change rate of the bedroom
(ach).

Measurements of air temperature and humidity, out-

doors and in the child’s bedroom, were made twice

with a l-week interval with calibrated hot wire in-
struments (Rotronic Hygroskop DV-2). The bed-
room measurements were made in the middle of the
room and 1 m above floor level. The additional hu-
midity (AH) was calculated as the difference be-
tween the absolute humidity in indoor and outdoor
air. On both occasions of humidity measurement,
approximately the same association was found (as
tested by multiple regression analysis) between AH
indoors, outdoor temperature, and time of day of
measurements. The AH was reduced by 0.1 g/m’®
per h from 8 am until 7 pm, and by 0.2 g/m® per
degree Celsius in the outdoor temperature interval of

—11to + 1°C. Adjustments were made accordingly,

and the values used in the analyses, “adjusted ad-
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ditional humidity” (AAH), refer to 8§ am and to an
outdoor temperature of 0°C.

The concentrations of formaldehyde and VOC
were measured once in the child’s bedroom. Form-
aldehyde concentration was determined by a
chemosorption method employing 2,4-dinitro-
phenylhydrazine-impregnated fiberglass filters with
a flow of 1 1/min (8). The total volume sampled was
24-30 1. The fiberglass filters were extracted in aceto-
nitrite and analyzed by liquid chromatography
(HPLC system with UV detector). The VOC were
trapped on Tenax tubes (40 mg Tenax GC) and ana-
lyzed by gas chromatography (GC) and mass spec-
trometry (MS). The sampling flow was 0.5 1/min,
and the total sampled volume was approximately
20 1. Quantitative analysis was done with n-decane
as standard. The analyses of formaldehyde and VOC
were made at the Department of Occupational Medi-
cine, Orebro, Sweden.

Statistics

Because the number of homes was low, and the
distributions of HDM allergen concentrations were
skewed, nonparametric statistical methods were
used. For test of differences between groups, Wil-
coxon’s rank sum test was used; for test of associa-
tions between variables, Spearman’s rank correla-
tion coefficient (r,) was used. Two-tailed P values
were used in both tests.

Logarithmic values of HDM allergen concentra-
tion, and air-flow rates were close to normal distri-
bution. Parametric methods such as linear regres-
sion have therefore also been used to interpret
associations found in nonparametric analyses. (Re-
sults of the different methods were in close agree-
ment.)

Data were analyzed with the SPSS/PC + (SPSS,
Inc, Chicago, IL, USA) and Epi Info version 3 (Cen-
ters for Disease Control, Atlanta, GA, USA) statis-
tical packages.

Results

Concentrations of HDM allergen in bed mattress dust
and floor dust

Eight homes exhibited HDM allergen concentrations
in mattress dust exceeding 20000 ng/g dust, while
the remaining 21 showed concentrations below
3000 ng/g dust. The mattress-dust HDM allergen
concentration correlated with the allergen concen-
tration in the same bed 1 year earlier (r,=0.86;
P<0.001) (19). However, in four cases, the change
in allergen level was large (one order of magnitude)
between the two measurements. In the final classi-
fication, 11 homes with mattress dust concentrations
of =1000 ng/g were selected as a “high-infestation
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group” and the remaining 18 homes with concentra-
tions below 500 ng/g as a “low-infestation group”
(Table 1).

The concentrations of HDM allergen were lower
in floor than in mattress dust, but there was a sig-
nificant association between the two (r,=0.70;
P<0.001). Five out of six floor dust samples from
rooms with wall-to-wall carpets exhibited similar or
higher concentrations of HDM allergen than the
corresponding mattress dust. In comparison, only
three of 23 dust samples from floors without wall-

to-wall carpets exhibited HDM allergen concentra-
tions equal to or higher than those of the corre-
sponding mattress dust samples.

Characteristics of homes and rooms

Nine of 11 homes in the high-infestation group had
only a single floor, as opposed to 2/18 in the low-
infestation group (P=0.001) (Table 1). One-floor
homes had significantly higher concentrations of
HDM allergen in mattress dust (P = 0.002) and floor

Table 1. Number of floors (including basement) of investigated single-family homes and measured values of outdoor air supply {ventilation) of total home and bedroom, indoor ther-
mal climate in bedroom, mite allergen levels in mattress and floor dust, and amount of formaldehyde and amount of total volatile organic compounds (TVOC) in bedroom air

Home Number of Ventilation of Temp AAH Mite allergen in Formaldehyde TvOC
no. floors _— °C g/m’ ug/m? jg/m®
Home Bedroom Mattress dust Floor dust
ach ach 1000 pg/g 1000 ng/g
Low-infestation group
1 2 0.2 2.0 18 14 0.1 0 30 110
2 2 0.2 0.8 21 1.6 0.01 0.05 30 130
3 1 05 0.2 18 1.7 0.04 0.09 20 270
4 2 0.2 07 19 2.1 0.03 0.09 30 420
5 3 0.1 0.2 18 1.1 0.2 0.2 20 120
6 2 05 0 18 2.9 0.1 0 40 150
7 3 0.4 0 20 1.8 0.1 0 40 100
8 2 0.2 0.4 18 2.6 0.3 0.09 50 470
9 2 0.2 0.7 20 1.2 0 0.02 20 35
10 3 0.3 4.8 18 31 0.2 0.06 30 200
1" 2 0.1 2.5 19 2.7 0.3 0 50 200
12 3 0.2 1.5 19 0.5 0.05 0 10 33
13 2 0.2 1.4 20 27 0.03 0 60 77
14 2 0.3 0.6 21 1.6 0.01 0.02 20 89
15 1 0.1 0.1 20 2.8 0.03 0.09 70 165
16 2 0.8 0 20 1.4 0.03 0 30 150
17 2 0.2 - 20 24 0.1 0 60 180
18 2 0.5 0.1 20 0.7 0 0 30 350
Mean 1.9 0.3 0.9 19 1.9 0.09 0.04 36 181
SD 0.3 0.2 1.2 1 0.8 0.09 0.05 17 124
Median 2.0 0.2 0.6 20 1.7 0.04 0.009 30 150
High-infestation group
1 1 0.3 0 17 1.6 540 0.6 30 -
2 1 0.2 0 19 1.7 2.1 0.6 30 220
3 1 0.2 0.3 21 41 456 0.8 80 180
4 1 0.3 0.2 20 24 21 42 20 90
5 1 0.2 0.3 19 24 56 0.1 20 110
6 1 0.1 0.1 20 27 179 1.1 30 140
7 2 0.6 0 17 3.0 3.1 0.3 20 120
8 2 0.2 0.3 19 2.8 43 0.08 50 210
9 1 0.1 0.5 20 22 28 8.3 280* 590~
10 1 0.2 0.3 20 2.6 21 0.2 40 93
" 1 0.2 0 20 2.9 1.0 6.8 40 170
Mean 1.2* 02 0.2* 19 2.6* 123* 2.1* 36 48
SD 0.4 0.1 02 1 0.7 193 2.9 18 49
Median 1.0 0.2 0.2 20 2.6 28 0.6 30 40
Total
Mean 1.6 0.3 0.6 19 2.2 47 0.8 36 Y
SD 0.5 0.2 1.0 1 0.8 130 2.0 17 ’Z
Median 2.0 0.2 0.3 20 24 0.2 0.09 30 2l

AAH: adjusted additional humidity.
# Qutliers (reconstruction) that were not included in analysis.

* Means that levels of high-infestation group were significantly different from those of low-infestation group.
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dust (P<0.0001), and a tendency to a lower air-
change rate of the bedroom (P =0.08) than homes
with more than one floor.

Homes had a mean volume of 263 m’ (range 140—
500 m®, median 280 m?), and the mean number of
persons living in the homes was 4.1 (range 2-6,
median 4). Bedrooms had a mean volume of 24.6 m*
(range 15-40 m?, median 25 m?). There were no sig-
nificant differences in number of persons in the home,
home volume, or bedroom volume between high-
and low-infestation homes.

Water or mold damage (visual damp areas or
growth of mold, or a moldy odor) was noted in 13/29
homes, but no associations between such observa-
tions and HDM allergen concentrations in dust were
found.

Temperature and humidity of air in bedroom

The mean air temperature in the bedroom was
19.1°C, median 19.5°C (Table ). A tendency to
inverse relation was found between HDM allergen
concentrations in bed mattresses and air tempera-
ture (ry= —0.33; P=0.08).

There was a significant association between AAH
and the concentration of HDM allergen in mattress
dust (r, =0.49; P=10.008) (Fig. 1), and a nonsignifi-
cant association between AAH and HDM allergen
concentration in floor dust (r,=0.34; P=0.07). In
total, there were only weak and nonsignificant asso-
ciations between AAH and ventilation rates. In
homes with a total ventilation rate below or equal to
the median value, there were borderline significant
associations between AAH and total home ventila-
tion expressed in 1/s.p. (r, = —0.52; P=0.05; n = 15),
and bedroom ventilation (expressed in ach or 1/s.p.)
(r,=—0.50; P=0.07; n=15).

Mite allergen ng/g

100000
10000
1000
100

10

1 L —

0 1 2 3 4 5

AAH g/m3

Fig. I. HDM allergen in mattress dust as function of adjusted
additional humidity (AAH) in home (difference between absolute
humidity in air indoors and outdoors). Corr.: r=0.52; P=0.004.
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Ventilation

The total air-change rate of the homes was low
(Tables 1 and 2). In none of the homes was the
ventilation in accordance with the Swedish building
regulations (a total air-change rate of the home, as
well as of each room, of >0.5 1/h). In most cases,
the infiltration of outdoor air (ach) directly into the
bedroom was different from the air-change rate of
the entire home (Table 1), and there was a significant
negative association between the two (r,= —0.40;
P =0.04). Thus, low total air-change rate of the home
was associated with high bedroom air-change rate.
The homes in the high-infestation group had lower
(P =0.04) bedroom outdoor air-flow rates and a ten-
dency (P=0.07) to lower home outdoor air-flow
rates measured as air-flow rate per person (I/s.p.),
but not as air-change rate per hour (ach; P=0.5),
than the low-infestation group (Tables 1 and 2). In
general, the flow of air into the bedroom from the
rest of the home was much higher than the infiltra-
tion of outdoor air directly into the bedroom
(Table 2), but it was not significantly different be-
tween the high- and low-infestation groups of homes.
Associations between mite allergen concentra-
tions or AAH and total home ventilation were gen-
erally stronger for air-flow rates expressed as air-
flow rate per person (I/s.p.) than for air-flow rates
expressed as air-change rate (ach). The correlation
between HDM allergen in mattress dust and home
outdoor air-flow rate in l/s.p. was r,= —0.50
(P =0.007), as compared with r,= —0.21 (P=0.3)
with outdoor air-flow rate expressed in ach.
Parametric and nonparametric regression analy-

Table 2. Ventilation characteristics of high- and low-infestation homes

High-infestation homes Low-infestation homes

Mean  Median ~ Range  Mean  Median  Range

Qutdoor air-flow rates

Total home
ach 0.2 0.2 0.1-0.6 0.3 0.2 0.1-0.8
WrstP. 0.5
I/s.p 39 32 2.1-1.3 5.5 4.6 2.0-15
Wrst.P. 0.07

Bedroom
ach 0.2 02 0.0-0.5 0.9 0.6 0.0-4.8
Wrst.P. 0.04
I/s.p 1.3 12 0.0-2.9 5.6 35 0.0-20
Wrst.P. 0.04

Air flow to bedroom from home
I/s.p 38 1.8 0.7-14 4.6 2.7 0.8-25
Wrst.P. 0.5
ach 23 1.0 0.4-6.7 3.1 1.9 0.4-18
Wrst.P. 0.9

Wrst.P.: P value for difference between high- and low-infestation homes, as tested by
Wilcoxon's rank sum test.
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Fig. 2. HDM allergen in mattress ([J) and floor (x) dust and
outdoor air-flow rate, in homes with infiltration of outdoor air,
into bedroom <median. Corr.: mattress r= —0.59 (r,= —0.57);
floor r= -0.57 (r,= -0.62).

ses yielded from close to similar results in associa-
tions between HDM allergen concentrations and
air-flow rates. The associations were moderate in
analyses of the total sample of homes (r, range —0.23
to —0.50; r range —0.27 to —0.47), but more pro-
nounced in analyses of homes stratified by the me-
dian value for home and bedroom ventilation, re-
spectively (Figs. 2 and 3).

All HDM allergen values above 1000 ng/g of dust
in mattresses were found in bedrooms with an air-
change rate (infiltration of outdoor air directly into
the bedroom) below 0.5 ach (Table 1).

Formaldehyde and TVOC in bedroom air

Table 1 shows the concentrations of formaldehyde
and TVOC (total volatile organic compounds) in the
bedroom air. In most of the investigated homes, the
VOC were of three categories:

HDM allergen
g -09(10) ng/g dust
5|
41\

\

\ S
30N -
2‘ ‘\\(\ . 3 ‘ —
1 \

0 o ‘ = _— Floor
0 5 10 15 20
QOutdoor air flow to
bedroom I/s.p

Fig. 3. Mite allergen in mattress ([J) and floor (x) dust and bed-
room outdoor air-flow rate in houses with total home ventilation
rate below median. Corr.: mattress r= —0.48 (r,= -0.52); floor
r=-0.78 (r,= -0.79).
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1) ordinary aliphatic and aromatic compounds emit-
ted from solvent-based paints and to a minor
extent from traffic

2) esters, di-alcohols, and glycol ethers typically
emitted from water-based paints

3) some alcohols and aldehydes probably emitted
from floor coverings such as polyvinyl chloride
and linoleum carpets.

In most bedrooms, the TVOC and formaldehyde

concentrations were low. In only one home, during

reconstruction, were the concentrations of TVOC
and formaldehyde above 500 pg/m’ and 80 pg/m’,
respectively. There were no associations between

HDM allergen concentrations and levels of formal-

dehyde and TVOC or numbers of identified VOC.

Discussion
Importance of effect of ventilation on HDM infestation

This study indicates that the ventilation of homes is
an important factor in the presence of mite allergen
in mattress and floor dust. Furthermore, the venti-
lation of the bedroom seems to be as important as
the total ventilation of the home. Thus, even in homes
that are well ventilated, infestation of HDM may
occur if the bedroom is not well ventilated also. In
many homes, bedrooms are not well ventilated. On
the contrary, most homes in Sweden are ventilated
by natural or exhaust-only mechanical systems,
which ‘“‘guarantee” ventilation only of rooms with
exhaust air terminal devices: i.e., kitchens and bath-
rooms.

Air-flow rates related to number of persons in the
home appeared to be a stronger risk indicator of high
AAH and HDM infestation than air-flow rates re-
lated to home volumes. This probably reflects the
fact that the main source of humidity in homes is
people. The lack of influence of air-flow rate from the
home into the bedroom on HDM infestation may
reflect the fact that indoor air is more humid than
outdoor air, and that such air flows reduce bedroom
humidity only to a minor degree.

The influence of ventilation on HDM infestation
is also suggested by the association between type of
home and degree of HDM infestation. A lack of
thermal forces leading to reduced ventilation rates
probably contributes to the higher infestation rate in
one-floor homes. These interpretations agree with
other recent reports that improved ventilation (18)
and high air-change rate of bedrooms (4) are asso-
ciated with low concentration of HDM allergen in
dust. Our previous findings (13, 19) indicate that the
infestation rate in apartments is very low, a finding
which may be explained by a higher air-change rate
than in single-family houses, because of more fre-
quent use of mechanical ventilation, and more effi-
cient natural ventilation in high-rise buildings. In a



recent nationwide survey of indoor climate in Swed-
ish residential buildings, the mean air-change rate of
homes in apartment buildings was found to be
0.50 ach, and in single-family houses 0.35 ach (2).
The latter value is close to the mean value found in
this study. Furthermore, in approximately 159, of
the Swedish apartments and 409, of the single-
family houses, air-change rates below 0.25 ach were
detected (2).

TVOC and formaldehyde

No association was found between HDM allergen
concentration and formaldehyde or TVOC. How-
ever, further studies are needed with a greater num-
ber of homes and measurements of irritants during
longer time periods to reject the hypothesis that high
mite-allergen concentrations are associated with high
levels of airborne irritants. Doubts have been ex-
pressed regarding the validity of TVOC as a health-
related air-quality indicator (16).

Measurements

Measurements of ventilation, temperature, humid-
ity, HDM allergen, formaldehyde, and air-flow rates
are well standardized and have good reliability. No
standard for measurement of VOC exists, however,
and no interlaboratory calibration procedure. There-
fore, it is difficult to compare results from such mea-
surements between studies. On the other hand, the
measurements, per se, are reliable, and this makes
comparisons within a study possible.

Adjusted additional humidity (AAH)

The indoor air humidity is a function of the absolute
humidity of outdoor air, the outdoor air-flow rate
(air-change rate), and the presence of sources of
humidity within the home. The additional humidity
(AH) - the difference between the absolute humid-
ity in indoor and outdoor air — is a function of the
production of humidity in the home (room), adsorp-
tion and desorption of humidity to and from sur-
faces, and the amount and humidity of supplied air.
The lower the outdoor air humidity, the larger the
“additional” humidity, because of a higher desorp-
tion of humidity from surfaces within the home.

AAH was calculated from daytime measurements,
in most cases in homes without inhabitants and thus
with reduced moisture source strength. Possibly this
estimate of AAH underrates nighttime humidity,
especially in rooms with low outdoor air-infiltration
rate, i.e., the rooms with the highest HDM allergen
concentrations in dust.

In daytime, air humidity is relatively equal through-
out the home because doors are kept open, and it

Mite infestation and home ventilation

appears probable that AAH is associated with the
total air-change rate of the home and not with the
infiltration of outdoor air into a particular room.
Furthermore, it seems likely that the bedroom HDM
allergen levels are associated with the infiltration into
the bedroom of outdoor air, a factor that strongly
influences the humidity of the bedroom air at night.

Conclusions

Building characteristics that influence indoor air hu-
midity are important for the degree of mite infesta-
tion in homes. The study indicates that the ventila-
tion of the home, and of the bedroom, separately, are
such factors. Measures to improve ventilation, par-
ticularly of bedrooms, may be important in both
primary and secondary allergy prevention.
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