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Background: There has been no report on seasonal changestitl allergen in

floor and bedding dust.

tents in houses, we measured the
amounts of these mite allergens in dust

Objective: The purpose of the study was to examine the extent of seasonatamples collected monthly for 1 year
changes iDer | andDer Il allergens in the floor and bedding dust found in houses. from the floors and bedding of eight
Methods: We measured the absolute concentrations of mite allergens in dushouses in Tokyo.
collected monthly for 1 year from both the floors and bedding of eight houses in
Tokyo. Dust samples were obtained from eight families without regard to theinyaATERIALS AND METHODS
allergy histories. The concentrations of ther p I, Der f I, and Der Il allergens
were measured by fluorometric sandwich ELISA. .
Results:We found seasonal changes in the concentrations of these mite allergengUst samples were obtained from the
The highest concentrations Ber | (Der p | plus Der f1) andDer Il (Der pll plus P IL TITTTe:
Der f II) were present from August to October, and the lowest ones from March tofégard to the families’ histories of al-
April. In floor dust, the mean highest concentration®afr | and Der Il (35.0 and A !
20.2 pglg of fine dust) were sevenfold and fivefold respectively, times the meanhouses, and families E to H in concrete
lowest concentrations. In bedding dust, the mean highest concentratioeslcind
Der 11 (51.3 and 29.6.g/g of fine dust) each were fourfold times the mean lowest conducted monthly from May 1989

concentrations.

Conclusions:The patterns of seasonal changeBer Il in floor and bedding dust

were similar to those ober I.
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INTRODUCTION

Allergy to house dust allergens is com-
mon among patients with bronchial
asthma and allergic rhinitis. Two spe-
cies of the mite genus Dermatopha-
goides,D. pteronyssinusand D. fari-
nag are important sources of house
dust allergens:2 Two groups of major
allergensDer | (Der p | and Der f 1)
andDer Il (Der pll and Der f1l), have
been purified from these Dermatopha-
goides species:® Immunoassays have
been used to measure tier | and
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Der Il in studies done on the levels of
mite allergens in indoor environ-
ments?—1t

Previous studies have shown that
there are seasonal variations in the
number of mites in house dust*The
primary determinant of these varia-
tions is humidity, and the optimum
condition for mite growth appears to
be an absolute indoor humidity of 7
g/kg!® Successful culture of house
dust mites in the laboratory occurs in a
relative air humidity range of 70% to
85%1¢ Temperature requirements for
mite growth are not very strict, being
between 15 and 32 °C with the opti-
mum for the most rapid growth at
25 °C18 Significant seasonal variations
in the concentrations of mite allergen
(Der p 1) content also have been re-
ported in dust samplé&s® but there

Dust Samples

Tokyo homes of eight families without

lergies. Families A to D live in wooden

apartment buildings. Sampling was

through April 1990. Dust samples
were collected with a vacuum cleaner
(HC-V10, Panasonic, Osaka, Japan)
for five minutes from about a 2-n
area on the living room floor and from
the surfaces of futon (Japanese bed-
ding filled with cotton wadding). Al-
lergens were extracted from the dust as
described elsewhefé?!

Reference Allergens and Their
Antibodies

The allergen®er pl, Der f1, andDer

Il were purified as reported previous-
ly8® and used as references in the en-
zyme linked immunosorbent assay
(ELISA). The preparation of rabbit an-
tisera toDer pl, Der fl, andDer Il has
been described elsewhér®&iotinyla-
tion of the antibodies was performed as
described previousls?

Mite Allergen Quantitation

Der p I, Der f I, and Der Il were
quantitated using a fluorometric
sandwich ELISA as described else-
where?® The wells of flat-bottomed
ELISA plates (Immulon 2; Dynatech,

has been no report on seasonal changes Alexandria, VA) were coated with

in Der Il allergen in house dust.
To determine the extent of seasonal
changes in théer | and Der Il con-

200 ng/0.1 mL of rabbit antber p |
IgG, antiDer f 1 IgG, or antiDer Il
IgG in 0.05 M carbonate-bicarbonate
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Figure 1. Monthly data for temperature and humidity in Tokyo. Outdoor temperatyerélative

humidity (@).

buffer, pH 9.6, and the plates kept for

three hours at 37 °C. After three

washes of the plates with phosphate-
buffered saline containing 0.05%

Tween 20 (PBST), the reference al-
lergen or the diluted sample in PBST
containing 1% bovine serum albumin

(BSA) was added to the wells. After

the plates had been incubated over-
night at 4 °C, the wells were washed

three times with PBST, and 25 ng/0.1
mL of biotinylated rabbit antDer p|

1gG, antiDer f 1 1gG, or antiDer Il
IgG was added. The plates then were
incubated at room temperature for
two hours. After additional washes,
0.1 mL of B-p-galactosidase conju-
gated streptavidin (Zymed Laborato-
ries, San Francisco, CA) diluted
1/30,000 with BSA-PBST was
added. The plates again were
incubated at room temperature for
two hours. They then were washed
and 0.1 mL of 0.1 mM 4-methyl-

Table 1. Monthly Measurements of Mite Allergens in Floor Dust of Living Rooms

umbelliferyl-B-p-galactoside (Sigma
Chemicals, St. Louis, MO) in 0.01 M
sodium phosphate buffer, pH 7.0,
containing 0.1 M NaCl, 1 mM Mg&
0.1% BSA, and 0.1% Nal was
added to each well, after which the
plates were incubated at 37 °C for
two hours. The enzyme reaction was
stopped with 0.1 M glycine-NaOH,
pH 10.2, and the fluorescence inten-
sity was read in the fluorescence
units on a microplate fluorescence
reader (Fluoroskan, Flow Laborato-
ries, McLean, VA).

Outdoor Temperature and Humidity

in Tokyo

The monthly mean values for outdoor
temperature and humidity in Tokyo
were obtained from the Japanese Me-
teorological Agency (Fig 1).

Statistics

The Wilcoxon signed-ranked test was
used to compare the monthly concen-
trations of mite allergens. The Mann-
Whitney U test was used to compare
the concentrations of mite allergens
between wooden houses and concrete
apartment buildings.

Dust Allergens, pg/g fine dust

Home  Allergens Mean*
May June July Aug Sep Oct Nov Dec Jan Feb Mar Apr
A Der It 2.68 4.06 1.80 11.17 10.34 9.63 7.67 5.37 3.81 1.03 1.21 0.90 3.54
Der |l 1.67 4.18 1.46 10.94 5.54 10.93 9.47 5.25 2.05 1.24 0.99 1.44 3.21
B Der | 27.26 86.19 82.89 117.74 166.40 44.03 89.19 65.73 43.78 12.60 14.93 32.51 50.32
Der Il 13.02 4123 42.96 54.89 59.89 69.36 46.62 30.54 1535 10.64 1241 10.78 27.19
C Der | 3.14 11.76 15.79 33.88 58.85 14.66 14.30 7.14 7.42 2.71 3.11 1755 10.56
Der 1l 1.52 7.84 14.86 22.76 21.55 10.52 8.01 3.36 2.84 1.65 262 15.41 6.39
D Der | 5.43 7.47 16.55 14.19 16.22 8.53 4.88 8.95 9.76 3.12 5.47 3.14 7.47
Der |l 5.23 719 1742 15.72 19.80 15.12 6.57 10.37 9.90 5.87 718 14.05 10.18
E Der | 1291 16.04 19.38 49.05 38.51 1565 13.24 17.36 11.51 3.56 2.91 3.14 1213
Der Il 8.60 13.71 16.57 32.37 24.82 12.06 12.67 12.33 5.91 4.61 3.07 1.71 9.31
F Der | 19.32 12.76 20.44 21.07 2494 1832 11.34 19.68 25.78 6.71 4.48 472 13.59
Der 1l 10.57 7.49 1148 1.87 19.00 15.39 6.96 7.76 8.49 5.14 2.35 1.84 7.46
G Der | 42.07 40.00 46.68 112.75 7317 4989 5448 46.33 18.68 20.38 1548 22.51 38.56
Der |l 21.07 2140 23.59 61.39 35.98 27.74 23.77 18.08 890 14.68 12.06 12.83 20.55
H Der | 33.98 8.55 15.00 9.59 1946 38.68 21.71 2266 16.14 17.79 6.59 6.92 15,57
Der Il 13.74 451 11.23 5.37 11.37 2197 1293 11.62 6.66 5.77 3.37 3.96 8.03
Mean*  Der | 12.05 14.68 18.00 30.28 3499 20.34 1742 17.32 13.47 5.59 5.03 6.63 13.90
Der 1l 6.80 9.95 13.00 19.93 20.16 18.48 12.58 10.14 6.35 4.75 4.02 5.20 9.48

* Geometric mean.
T Derpl + Derfl.
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RESULTS

Monthly Measurements of Der | and
Der Il in Floor Dust of Living Room
Measurement of the monthly concen-
trations of Der | and Der Il in floor
dust showed significant seasonal
changes in mite allergens in all the
housesP < .02) (Table 1). The high-
est values foDer | andDer Il in each
house were from July to October, and
the lowest values from February to
April. During the 1-year period of
study, the highest concentrations of
Der | concentrations in the floor dust
from each house varied from 5-fold to
20-fold the lowest ones. Similarly, the
highest concentrations dder Il con-
centrations varied from 4-fold to 19-
fold the lowest ones. More than 1@
of Der | per g of fine floor dust was
found in all the houses in September,
but in only two houses in March.
Figure 2a gives the geometric
mean values oDer | and Der Il in
the floor dust. On the average, their
respective highest values (35.0 and
20.2 ng/g of fine dust) were in Sep-
tember and the lowest ones (5.02 and
4.02 wgl/g of fine dust) in March.
These highest values fdper | and
Der 1l respectively were 7-fold and
5-fold the lowest values.

Monthly Measurements @er | and
Der Il in Japanese Bedding Dust
Monthly measurements of the concen-
trations ofDer | and Der Il in bedding
dust (Table 2) also showed significant
seasonal changes in all the housBs (
< .02). The highest values fdder |
andDer Il were found from August to
October, the lowest ones from January
to May. During the study period, the
concentrations oDer | varied from
3-fold to 17-fold, those oDer Il con-
centrations from 2-fold to 19-fold.
More than 10ug of Der | per g of fine
dust found in bedding of all the houses
from July to September, but in only
four houses in March.

The geometric mean values fDer
I and Der Il in the bedding dust are
shown in Figure 2b. In general, their
highest respective values (51.3 and
28.9 ug/g of fine dust) were in August

rg/g of fine dust) in April. These high-
est values were about 4-fold the lowest
values.

DISCUSSION

We found seasonal changes in the con-
centrations oDer | and Der Il in floor
and bedding dust. An earlier study
done in Japan reported distinct sea-
sonal changes in the number of Der-
matophagoides mites present in dust
from all the houses surveyed in
Saitama Prefecture, north of Tokyb.
Great variations were seen in seasonal

a)
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ug/g tine dust
>
T
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changes in the presence of mite aller-
gen in each home. The seasonal
changes seen in the dust from floors
and bedding were not significantly dif-
ferent for wooden houses and concrete
apartment buildings. Linter et al re-
ported that air-conditioning had a sig-
nificant effect on suppression of mite
populations and mite allergen produc-
tion during the summer montA%.In
this study, there was air-conditioning
in all the homes, but it was not used
continuously. Carpenter et al reported
that air-conditioning markedly reduces
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Figure 2.

and the lowest values (12.3 and 7.62 Der Il (@).

Geometric mean values Bér | and Der Il in a) floor dust b) bedding dusDer | (O),
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Table 2. Monthly Measurements of Mite Allergens in Futon (Japanese bedding) Dust

Dust Allergens, pg/g fine dust

Home Allergens Mean*
May June July Aug Sep Oct Nov Dec Jan Feb Mar Apr
A Der It 26.38 20.36 20.33 45.57 28.79 8.45 15.26 19.78 8.11 9.88 9.05 8.12 15.65
Der I 10.55 10.10 11.10 23.85 16.69 14.32 11.86 12.25 4.64 12.81 8.03 480 10.70
B Der | 15,19 30.81 75.41 132.17 159.80 84.28 125.02 81.40 46.92 20.37 20.77 23.18 50.78
Der 1| 8.48 23.50 49.68 76.11 78.76 54.22 69.24 43.05 18.35 15.47 1445 1539 30.33
C Der | 721 10.85 11.69 16.89 21.50 13.42 16.18 18.89 14.05 10.45 9.81 9.93 12.81
Der 1l 3.14 3.55 4.02 7.41 10.20 19.44 1040 10.54 6.92 6.71 5.68 5.01 6.78
D Der | 11.62 31.44 49.95 72.45 76.29 30.28 46.81 47.87 51.99 46.72 31.18 43.13 40.97
Der |l 9.84 32.05 38.09 52.06 61.23 34.11 37.03 32.04 29.08 43.39 2596 2240 31.96
E Der | 10.83 10.98 10.72 29.79 29.18 33.52 17.68 12.84 10.76  11.91 7.28 550 13.69
Der 1| 8.32 13.69 11.94 25.17 27.69 24.87 1590 10.48 6.06 13.52 6.60 419 12.01
F Der | 58.27 48.45 4121 12147 11494 148.15 81.13 36.42 13198 23.18 32.76 24.23 58.85
Der 1l 19.64 2494 21.69 54.33 59.42 56.26 4410 16.94 46.29 18.28 15.36 15.85 28.58
G Der | 2468 35.35 30.08 57.69 21.29 35.61 41.18 40.25 34.66 13.11 20.53 18.90 28.87
Der I 13.79 24.79 14.70 31.90 14.20 32.43 2490 21.28 14.61 1425 1340 13.73 18.39
H Der | 6.05 6.02 10.34 31.47 26.74 37.23 9.64 9.99 4.75 3.32 2.19 2.63 10.02
Der 1| 3.15 3.22 5.74 15.65 15.84 24.95 5.84 4.93 2.10 1.59 1.30 1.52 4.50
Mean*  Der | 15.40 19.86 24.34 51.36 4414 34.27 30.86 26.91 2247 13.61 1255 1233 23.63
Der 1l 8.16 12.83 14.39 28.84 27.25 29.56 20.59 15.49 10.50 11.58 8.61 7.63 14.54
* Geometric mean.
TDerpl + Derfl.
mite density if it is run constantl. Der | and Der Il are present in fine ~ REFERENCES

Why individual variations in the mite
allergen level in this study occur has
yet to be explained.

In floor dust, September peak of
the mite allergen occurred 2 months
after the mean outdoor relative hu-
midity peak. The lowest mite aller-
gen concentrations that occurred in
March also were months after the
lowest mean outdoor relative humid-
ity. Seasonal changes in mite aller-
gen concentrations in bedding dust
showed a trend similar to that for
floor dust. Platts-Mills et al reported
similar findings for the USA, the lev-
els of Der p | mite allergen in dust
followed the pattern for humidity
with a lag of about 1 to 3 months.
Heide et al reported that highest ab-
solute air humidity was during the
months of July to September, just
before the increase in the levels of
Der p | allergen in floor dust sam-
ples®® Further, the increase of the
mite allergen levels in house dust
promoted the level of airway hyper-
responsiveness in patients with aller-
gic asthmd?

We have confirmed our previous
findings that high concentrations of

dust taken from beddinty. The warm,
humid conditions that exist in bed-
clothes are ideal for mite replicatiéh.
High concentrations dDer | also have
been found in fine dust from bed-
ding!"?% In previous studies, we re-
ported that airborne concentrations of
Der | and Der Il are high during bed-
making and sleeping, but are very low
in living rooms?%2*\We speculated that
exposure to mite allergens from bed-
ding during sleep might be an impor-
tant factor in the development of mite
allergies.

Tateno reported that the washing of
futons (Japanese bedding) with water
is effective in reducing the concentra-
tion of mite allergens’ which we also
confirmed?® Bedding should be
washed frequently regardless of season
because the mite allergen concentra-
tions in bedding are high throughout
the year.

ACKNOWLEDGMENTS

We thank Pro. Dr. Yoshimori Ashihara
for guidance and support, and many
colleagues for their help with the dust
sampling.

1. Voorhorst R,Spieksma-Boezeman
MIA, Spieksma FTM. Is a mite (Der-
matophagoides sp.) the producer of the
house dust allergen? Allergie Asthma
1964;10:329-34.

2. Miyamoto T, Oshima S, Ishizaki T, et
al. Allergic identity between the com-
mon floor mite Dermatophagoides
farinae Hughes, 1961) and house dust
as a causative antigen in bronchial
asthma. J Allergy 1968;42:14-28.

3. Maunsell K, Wraith DG, Cunnington
AM. Mites and house dust allergy in
bronchial asthma. Lancet 1968;1:
1267-70.

4. Chapman MD, Platts-Mills TAE. Pu-
rification and characterization of the
major allergen fromDermatopha-
goides pteronyssineesntigen R. J Im-
munol 1980;125:587-92.

5. Lind P. Purification and partial charac-
terization of two major allergens from
the house dust mitBermatophagoides
pteronyssinus] Allergy Clin Immunol
1985;76:753-61.

6. Dandeu JP, Le Mao J, Lux M, et al.
Antigens and allergens iDermato-
phagoides farinaeite. Il. Purification
of Ag Il, a major allergen fromD.
farinae. Immunology 1982;46:
679-87.

7. Holck A, Dale S, Sletten K. Purifica-

VOLUME 76, FEBRUARY, 1996

173



10.

11.

12.

13.

14.

tion and characterization of a major
allergen from the house dust mibeer-
matophagoides farinaéAllergy 1986;
41:408-17.

. Yasueda H, Mita H, Yui Y, et al. Iso-

lation and characterization of two al-
lergens fromDermatophagoides fari-
nae Int Arch Allergy Appl Immunol
1986;81:214-23.

. Yasueda H, Mita H, Yui Y, et al. Mea-

surement of allergens associated with
dust mite allergy. |. Development of
sensitive radioimmunoassays for the
two groups of Dermatophagoides mite
allergens,Der | and Der IlI. Int Arch
Allergy Appl Immunol 1989;90:
182-9.

de Blay F, Heymann PW, Chapman
MD, et al. Airborne dust mite
allergens: comparison of group Il al-
lergens with group | mite allergen and
cat-allergenFel d I. J Allergy Clin
Immunol 1991;88:919-26.

Platts-Mills TAE, Thomas WR, Aal-
berse RC, et al. Dust mite allergens
and asthma: report of a second inter-
national workshop. J Allergy Clin Im-
munol 1992;89:1046—60.

Arlian LG, Bernstein IL, Gallagher JS.
The prevalence of house dust mites,
Dermatophagoides spp, and associated
environmental conditions in homes in
Ohio. J Allergy Clin Immunol 1982;
69:527-32.

Spieksma FTM. The house-dust mite
Dermatophagoides pteronyssinus
(Troussart, 1877). In: Voorhorst R,
Spieksma FTM, Varckamp H, eds.
House dust atopy and the house dust
mite. Leiden: Stafleu’s Scientific Pub-
lishing Co, 1969:44-52.

Takaoka M, Okada S. Ecological stud-

15.

16.

17.

18.

19.

20.

21.

22

ies on the house dust mites in Saitama

Prefecture Japan. Seasonal occur-

rences of the pyroglyphid mites in
house dusts in 1981 to 1982. Jpn J
Sanit Zool 1984;35:129-37 (in Japa-
nese with English summary).
Platts-Mills TAE, Chapman MD. Dust
mite: immunology, allergic disease,
and environmental control. J Allergy
Clin Immunol 1987;80:755-75.
Spieksma FTM. Mite Biology. Clin
Rev Allergy 1990;8:31—-49.

Platts-Mills TAE, Hayden ML, Chap-
man MD, et al. Seasonal variation in
dust mite and grass-pollen allergens in
dust from the houses of patients with
asthma. J Allergy Clin Immunol 1987;
79:781-91.

Lintner TJ, Brame KA. The effects of
season, climate, and air-conditioning
on the prevalence obDer matopha-
goides mite allergens in household
dust. J Allergy Clin Immunol 1993;91:
862-7.

van der Heide S, de Monchy JGR, de
Vries K, et al. Seasonal variation in
airway hyperresponsiveness and natu-
ral exposure to house dust mite aller-
gens in patients with asthma. J Allergy
Clin Immunol 1994;93:470-5.
Sakaguchi M, Inouye S, Yasueda H, et
al. Measurement of allergens associ-
ated with dust mite allergy Il. Concen-
trations of airborne mite allergens
(Der I and Der II) in the house. Int
Arch Allergy Appl Immunol 1989;90:
190-3.

Sakaguchi M, Inouye S, Yasueda H, et
al. Concentration of airborne mite al-
lergens Der | andDer Il) during sleep.
Allergy 1992;47:55-7.

Miyazawa H, Inouye S, Sakaguchi M,

26.

27.

et al. A reverse-sandwich ELISA for
IgG antibody to a pollen allergen. J
Allergy Clin Immunol 1988;82:
407-13.

. Sakaguchi M, Inouye S, Irie T, et al.

Airborne cat Fel d 1), dog (Can f1),
and mite Der | and Der 1) allergen
levels in the homes of Japan. J Allergy
Clin Immunol 1993;92:797-802.

. Carpenter GB, Win GH, Furumizo RT,

et al. Air conditioning and house dust
mite. (Abstract) J Allergy Clin Immu-
nol 1985;75;121.

. Warner 0OJ, Price JA: Aero-allergen

avoidance in the prevention and treat-
ment of asthma. Clin Exp Allergy
1990;20:15-9.

Sporik R, Holgate ST, Platts-Mills
TAE, et al. Exposure to house-dust
mite allergen Der p I) and the devel-
opment of asthma in childhood. N
Engl J Med 1990;323:502—7.

Tateno K. Allergens in the environ-
ment and their control. Infect Inflam
Immunol 1989;19:111-7 (in Japa-
nese).

. Sakaguchi M, Inouye S, Yoshizawa S,

et al. Evaluation of different treatments
of Japanese bedquilt for reducing mite
allergens. Jpn J Allergol 1991;40:
439-43 (in Japanese with English
summary).

Request for reprints should be addressed to:
Hiroshi Miyazawa

Department of Public Health, Kyorin
University 476-1 Miyashita-cho,

Hachiohji-shi

Tokyo 192

Japan

FAX +81-426-91-1094, TEL+81-426-91-0011

174

ANNALS OF ALLERGY, ASTHMA, & IMMUNOLOGY



