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Background: House dust mite is an important cause of bronchial asthma.
Seasonal variation of environmental house dust mite allergen levels and the specific
IgE antibody to house dust mite have been reported.

Objective: We studied the changes in IgG subclass antibodies to house dust mite
associated with seasonal variation of house dust mite allergen levels in houses of
mite-sensitive asthmatic patients.

Methods: In 14 mite-sensitive asthmatic patients, house dust mite allergen (Der
f 1) contents in bedding were measured monthly, and IgG subclass antibodies to
house dust mite,Dermatophagoides farinae(D. farinae), were determined by
enzyme-linked immunosorbent assay (ELISA) every 3 months from July to De-
cember.

Results: The concentration of Der f 1 in dust from bedding reached maximum
levels in August and September, and significantly decreased in November and
December compared with August and September (P , .05). Levels ofD. farinae-
specific IgG4 antibodies significantly decreased in December compared with Sep-
tember (P , .05) with no statistically significant change between September and
June (P . .05). Levels ofD. farinae-specific IgG2 antibodies decreased signifi-
cantly in December compared with June (P , .05). The levels of IgG1 and IgG3
antibodies toD. farinaeshowed no significant differences during the study period.

Conclusion: These findings suggest that seasonal changes in natural exposure to
house dust mite allergen might lead to concurrent changes in specific IgG4 anti-
bodies to house dust mite in mite-sensitive asthmatic patients and each IgG subclass
antibodies to house dust mite might have a different kinetics.
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INTRODUCTION
IgE antibody responses to house dust
mite allergen have been considered to
play an important role in the develop-
ment of bronchial asthma.1,2 Although
traditionally house dust mite has been
considered a perennial allergen, sea-
sonal variation in mite numbers and
allergen levels in house dust has been
reported.3 Recently, significant varia-

tion of nonspecific airway hyperreac-
tivity and specific IgE antibody to
house dust mite in mite-sensitive asth-
matic patients were reported in associ-
ation with seasonal changes in house
dust mite allergen.4,5

Asthmatic patients can produce an-
tibodies of all four IgG subclasses to
house dust mite.6,7 Among the four IgG
subclasses, IgG4 antibody to allergens
has been the one most extensively
studied.8 It has been shown to increase
after immunotherapy and has been
suggested to play a role as a blocking
antibody that can interfere with the
binding of IgE to allergen.9 The pro-
tective role or any pathogenetic signif-
icance of IgG4 antibodies to allergen
has not been established yet.10 IgG an-

tibody response to house dust mite in
asthmatic patients has been interpreted
as a natural immune response second-
ary to chronic environmental exposure
to mite allergen.11 Measurement of al-
lergen-specific IgG antibodies has
been suggested as a marker for expo-
sure to a certain agent in a particular
setting such as occupational asthma.12

The regulation mechanism of IgG
subclass antibodies to allergen has not
yet been fully determined.8 It has been
shown that IgG1 and IgG4 antibodies
to grass pollen in allergic patients are
synchronized with seasonal variation
of IgE antibody in response to seasonal
pollen exposure.13 Variation of IgG
subclass antibodies to house dust mite
and their kinetics in association with
seasonal changes in environmental
house dust mite allergen levels have
been rarely studied.

To further evaluate the influence of
natural exposure to house dust mite
allergen on IgG subclass responses to
house dust mite and their kinetics, we
observed the changes in IgG subclass
antibodies to house dust mite in 14
mite-sensitive asthmatic patients ac-
cording to the changes in house dust
mite allergen levels in their houses.

MATERIALS AND METHODS

Patients
Fourteen mite-sensitive asthmatic pa-
tients who showed positive skin prick
test toDermatophagoides farinae(D.
farinae), participated in this study. All
patients, nine males and five females,
had a clinical history of asthma and
nonspecific bronchial hyperreactivity.
Mean age was 25 (range: 16 to 42).
These patients were the same subjects
included in our previous study on sea
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sonal variation of specific IgE anti-
body to house dust mite.5 Written in-
formed consent was obtained from
each patient and the study was ap-
proved by the Medical Ethics Commit-
tee of Severance Hospital. The study
was performed from June to December
of 1993.

Measurement of House Dust Mite
Allergen in House Dust
The patients’ houses were visited
monthly from June to December and
dust samples from the surface of bed-
dings were collected and processed as
described previously.5 The level of
group I allergen ofD. farinae(Der f 1)
in house dust extracts was measured
simultaneously by ELISA according to
a previously described method, using
monoclonal antibodies (kindly pro-
vided by MD Chapman).14

Serum Sampling
Every 3 months during the study pe-
riod, venous blood was sampled from
all patients and the sera was stored at
220 °C.

Measurement ofD. farinae-Specific
IgG Subclass Antibodies
Specific IgG subclass antibodies toD.
farinae were measured by ELISA as
previously described, with modifica-
tions.6,7,15 Wells of microplate (Costar
Corporation, Cambridge, MA) were
coated overnight withD. farinae ex-
tract (2 mg/well) in 50 mL of 0.05 M
carbonate buffer (pH 9.6) at 4 °C. All
incubations were 50mL at room tem-
perature except as otherwise noted and
after each incubation the microtiter
plate was washed three times with
phosphate-buffered saline containing
0.05% Tween 20 (PBST). After wash-
ing, the wells were incubated with 200
mL of 1% bovine serum albumin in
PBST for one hour. Duplicated dilu-
tions of serum samples (1:20 for IgG1

and IgG2, 1:2 for IgG3 and IgG4) were
added to D. farinae-extract coated
wells. After one hour, the wells were
washed and biotinylated monoclo-
nal anti-IgG1 (HP6091), anti-IgG2
(HP6014), anti-IgG3 (HP6050), and
anti-IgG4 (HP6025) antibodies (Sigma
Chemical Co., St. Louis, MO) were
added at a dilution of 1:500 (vol/vol)
and incubated for one hour. After
washing the wells, peroxidase-conju-
gated streptavidin (Sigma Chemical
Co) at a dilution of 1:1000 (wt/vol)
was added and incubated for 30 min-
utes and washed. Then 100mL of 0.01
M ABTS (2,29-azinobis-3 ethyl-benz-
thiazoline sulfonic acid) in 0.07 M ci-
trate-phosphate buffer, pH 4.2 contain-
ing 0.03% H2O2 was added. The color
reaction was stopped with 100mL of
0.002 M sodium azide and the plates
were read at 410 nm using a microtiter
reader (Dynatech Laboratories, Inc.,
Alexandria, VA). All assays included
the same positive control serum from a
mite-sensitive asthmatic patient and
negative control as a pooled serum
from nonatopic healthy controls. The
levels of IgG subclass antibodies to
house dust mite were expressed as an
ELISA binding index5 (S 2 B)/(N 2

B) as previously described.6,16 S is the
mean absorbance of the sample, B is
the mean background absorbance of
dilution buffer only, and N is the mean
absorbance of the negative control
sample. All the measurements of each
IgG subclass antibodies were done si-
multaneously to minimize the assay
variation, and the interplate and in-
traplate variations were below 15%.

Statistics
Data were expressed as the mean6
standard error of the mean except for
house dust mite allergen levels, which
were expressed as a geometric mean6
geometric standard error of mean. The
changes in house dust mite allergen
and IgG subclass antibodies to house
dust mite were compared by a Wil-
coxon signed-rank test. AP value of
less than .05 was considered signifi-
cant.

RESULTS

Seasonal Changes in House Dust
Mite Allergens in Bedding
The same as previously reported,5 Der
f 1 levels in dust from bedding tend to
increase gradually from June and reach
a peak in August and September and

Figure 1. Seasonal changes in specific IgG1 (A) and IgG2 (B) antibodies toD. farinae.

Table 1. Seasonal Changes in House Dust Mite Allergen (Der f 1; mg/g of dust) Levels in House Dust from 14 Mite-Sensitive
Asthmatic Patients*

June July August Sept Oct Nov Dec

3.01 6 1.44 2.76 6 1.36 3.97 6 1.59 3.81 6 1.36 1.51 6 1.50 1.29 6 1.37† 1.71 6 0.69†

* Data were expressed as a geometric mean 6 geometric standard error of mean.
† Significant decrease in Nov and Dec compared with Aug and Sept (P , .05).
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gradually decrease until December.
Der f 1 levels significantly decreased
in November and December compared
with August and September (P , .05;
Table 1).

Seasonal Changes inD. farinae-
Specific IgG Subclass Antibodies
Levels ofD. farinae-specific IgG2 an-
tibodies significantly decreased in De-
cember compared with June as shown
in Figure 1 and Table 2 (P , .05).
Levels ofD. farinae-specific IgG4 an-
tibodies significantly decreased in De-
cember compared with September
(P , .05) with no statistically signifi-
cant change between September and
June (P . .05) (Fig 2, Table 2). Levels
of specific IgG1 and IgG3 antibodies
to D. farinae showed no significant
differences during the study period
(Fig 1, Table 2).

DISCUSSION
This study demonstrated that IgG sub-
class antibodies to house dust mite al-
lergen varied with environmental
changes of house dust mite allergen
levels in mite-sensitive asthmatic pa-
tients. To our best knowledge, the
present study is the first one observing
seasonal variations in specific IgG sub-
class antibodies to house dust mite.
Studies on IgG subclass antibodies to
timothy pollen have reported that IgG1
subclass antibody to pollen as well as
IgG4 subclass antibody to the same
antigen varied with seasonal pollen ex-
posure.13 In this study, however, there

was a significant seasonal variation in
IgG2 and IgG4 antibodies to house
dust mite without significant changes
in IgG1 and IgG3 antibodies to the
same antigen. The seasonal changes in
IgG2 antibody to house dust mite with-
out significant changes in IgG1 and
IgG3 antibodies to the same antigen is
interesting, because IgG1, IgG2, and
IgG3 subclass antibodies have been
known to have similar half-life (about
20 days).17 Although there has been a
lack of knowledge on the control
mechanism and kinetics of allergen-
specific IgG subclass antibodies,8 this
finding might be compatible with the
previous report, which showed IgG2 to
be the most predominant subclass
among specific IgG subclass antibod-
ies to house dust mite in sera from
mite-sensitive asthmatic patients.18 To-
gether with our previous report5 on

seasonal variation of specific IgE anti-
body to house dust mite in the same
subjects, the parallel change in mite-
specific IgG4 antibody with mite-spe-
cific IgE antibody may be explained by
the suggestion that the synthesis of
IgG4 antibody is under the same cyto-
kine (interleukin-4) regulation as IgE
antibody.19 These findings suggest that
each IgG subclass antibodies to house
dust mite might be under different con-
trol mechanisms.

Environmental control of house dust
mite is the first-line management for
mite-sensitive asthmatic patients.20 For
the evaluation of house dust mite aller-
gen exposure in asthmatic patients,
collection and processing of house dust
has been widely used.20 A potential
theoretical problem in the current
method for evaluation of house dust
mite allergen exposure is that the mea-
surement of the concentration of mite
allergen in dust samples is not a direct
measurement of the allergen entering
the lungs.21 Measurement of airborne
allergens is also not an accurate
method for the evaluation of allergen
exposure, because only a certain parti-
cle size of airborne allergen can enter
the lungs.21 One enthusiastic report
tried to measure house dust mite aller-
gen in bronchoalveolar lavage fluid in
a limited number of asthmatic patients
and showed a significant decrease after
allergen avoidance.22 It should be
noted that any of the above methods
cannot be performed easily in clinical
practice; therefore, there has been a

Figure 2. Seasonal changes in specific IgG3 (A) and IgG4 (B) antibodies toD. farinae.

Table 2. Seasonal Changes in Levels of D. farinae-Specific IgG Subclass Antibodies in 14
Mite-Sensitive Asthmatic Patients*

June September December

Specific IgG1† 10.21 6 2.79 8.51 6 2.55 7.99 6 2.42
Specific IgG2 3.03 6 0.75 2.49 6 0.56 2.27 6 0.67‡
Specific IgG3 2.54 6 0.59 4.59 6 2.35 3.74 6 1.31
Specific IgG4 26.15 6 6.13 29.46 6 5.51 19.74 6 3.90§

* Data were expressed as a mean 6 standard error of mean.
† Levels of IgG subclass antibodies to D. farinae were expressed as an ELISA binding index.
ELISA binding index 5 (S 2 B)/(N 2 B). S is the mean absorbance of the sample, B is the mean
background absorbance of dilution buffer only, and N is the mean absorbance of the negative
control sample.
‡ Levels of specific IgG2 antibody to D. farinae significantly decreased in December compared
with June (P , .05).
§ Levels of specific IgG4 antibody to D. farinae significantly decreased in December compared
with September (P , .05).
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need for the development of a simple
indicator for current in vivo allergen
exposure that can be used to evaluate
the effectiveness of environmental
house dust mite control.

Levels of allergen-specific IgE anti-
body have been suggested as an indi-
cator of current exposure to house dust
mite allergen.23 A few supportive evi-
dences exist for this. First, there is a
significant correlation between spe-
cific IgE and environmental house dust
mite allergen levels in mite-sensitive
patients.23 Second, avoidance of expo-
sure to house dust mite allergen at high
altitude, where no house dust mite was
recovered, resulted in a decrease of
serum house dust mite-specific IgE an-
tibody levels.24 Third, an increase in
specific IgE antibodies to house dust
mite was reported in institutionalized
asthmatic children four days after they
returned home.25 Fourth, our previous
report showed that a seasonal decrease
in natural exposure to house dust mite
allergen resulted in a concurrent de-
crease in the levels of specific IgE
antibody to house dust mite.5

Another potential candidate as an
the indicator of current exposure to
allergen is the IgG4 antibody to aller-
gen. Antigen-specific IgG4 antibody
has been suggested as an indicator of
exposure to a certain agent in a partic-
ular setting such as occupational asth-
ma.26 In this study, a parallel decrease
in IgG4 antibodies to house dust mite
associated with a seasonal decrease in
house dust mite allergen levels in
house dust was noted. Together with
the previous report on the seasonal
variation of IgG4 antibody to grass
pollen in patients with grass pollen hy-
persensitivity,13 these findings suggest
that serially measured allergen-specific
IgG4 might be used as an indicator of
exposure to allergen.

In conclusion, this study demon-
strated that a sufficient long-term de-
crease in natural exposure to house
dust mite allergen can result in a de-
crease in IgG4 antibody to house dust
mite in mite-sensitive asthmatic pa-
tients. Further studies might be needed
to evaluate the validity of specific an-
tibodies to house dust mite as an indi-

cator of environmental exposure to
house dust mite allergen in mite-sensi-
tive asthmatic patients.
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