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Background and objective:The citrus red mite (Panonychus citri, CRM) is an
important allergen in the development of asthma and/or rhinitis in citrus farmers and
a common sensitizing allergen among exposed children. The aim of this study was
to evaluate CRM-induced skin responses and serum-specific IgE, IgG4, and IgG1
responses, and their role in the development of asthmatic symptoms among exposed
adolescents.

Methods: A total of 100 adolescents between the ages of 15 and 16 years (59
males and 41 females) were randomly recruited. All of the subjects responded to the
ISAAC questionnaire themselves. Skin prick tests to CRM were carried out and
serum-specific IgE, IgG4, and IgG1 levels were measured using ELISA.

Results: Fourteen subjects (14%) had experienced wheezing during last 12
months. The wheal size formed by CRM was larger than 3 mm in 23 subjects (23%).
Serum-specific IgE levels were elevated in 21 subjects (21%), IgG4 levels were
elevated in 32 subjects (32%), and IgG1 levels were elevated in five subjects (5%).
The prevalence of wheezing during last 12 months was significantly higher in
subjects with positive skin responses and serum-specific IgE responses induced by
CRM than in those with negative skin responses and low serum IgE responses
(30.4% versus 9.0%,P , .05; 33.3% versus 8.7%,P , .05). The prevalence of
wheezing, however, did not differ according to serum-specific IgG4 levels (9.4%
versus 16.2%,P . .05). Skin responses to CRM showed a significant correlation
with serum-specific IgE levels, but not with IgG1 and IgG4 levels. Serum CRM-
specific IgE levels correlated with specific IgG1 and IgG4 levels, but no significant
correlation was found between serum IgG1 and IgG4 levels.

Conclusion: The specific IgE responses induced by CRM were prevalent among
adolescents living near citrus farms, and may be important in the development of
asthma. The specific IgG4 and IgG1 responses induced by CRM play a minimal role
in the development of asthma symptoms.
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INTRODUCTION
The citrus red mite (CRM) (Panony-
chus citri), which belongs to the family
spider mite (Tetranychidae) infests cit-
rus leaves, damaging them and in some

cases causing defoliation.1 This mite is
broadly distributed around the world,
especially in Asia,California and Flor-
ida in North America, South Africa, and
the Mediterranean where citrus fruits are
widely cultivated.2 A recent investiga-
tion has demonstrated that CRM is an
important causative allergen among
asthmatics, among citrus-cultivating
farmers.3 It is also a common sensitizing
allergen in children living around citrus
orchards.4 Because citrus fruits have
been cultivated worldwide and many
people have been exposed to this mite, it
is worthwhile to pay attention to CRM as
a common environmental allergen.

Atopy is usually defined as geneti-
cally enhanced IgE production to com-
mon allergens; however, immunologic
responses to allergens are not confined
to the IgE antibody. Specific IgG re-
sponses to aeroallergens, foods, ven-
oms, and occupational sensitizers are
also detectable in sera from exposed
individuals, regardless of atopic sta-
tus.5 There has been much controversy
as to the role of specific IgG subclasses
induced by aeroallergens in the devel-
opment of allergic diseases.

The aim of this study was to inves-
tigate the specific IgE, IgG4, and IgG1
antibody responses induced by CRM
and their relationships with asthma and
rhinitis symptoms among adolescents
exposed to this mite.

SUBJECTS AND METHODS

Subjects
A total of 100 adolescents between the
ages of 15 and 16 years (59 males and
41 females) were randomly recruited.
All of them had lived in rural areas
with citrus farms since infancy. The
subjects were divided into two groups
according to environmental exposure:
(1) the high-exposure group (61 sub-
jects) who lived near citrus farms (#1
Km) and (2) the low-exposure group
(39 subjects) who lived far from citrus
farms (.1 Km). All of the subjects
responded to a questionnaire them-
selves and underwentskin prick tests
to CRM. Sera were collected to measure
CRM-specific IgE, IgG4, and IgG1 lev-
els. All of the subjects gave their in-
formed consent, which is required by the
Seoul National University Hospital. The
study protocol was approved by the Eth-
ics Committee of the Seoul National
University Hospital.
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Questionnaire Survey
A questionnaire developed by Interna-
tional Study of Asthma and Allergic
diseases in Children (ISAAC)6 was
used with some modifications, and in-
cluded demographic data, asthma and
rhinitis symptoms, and environmental
exposure to CRM. The questions on
respiratory symptoms concentrated on
wheezing episodes and nasal symp-
toms without upper respiratory tract
infections. The questions on environ-
mental exposure to CRM concerned
the distance from the home to the cit-
rus farms (.1 km or #1 km).

Preparation for CRM Extracts and
Skin Prick Tests
Citrus red mites were extracted as pre-
viously described.7 In brief, the mites
were mixed with modified Coca’s so-
lution with a 1:5 wt/vol ratio. After
incubation at room temperature for 24
hours, the mixture was centrifuged at
3,000g for 30 minutes. The superna-
tant was dialyzed (the cut-off molecu-
lar weight was 6,000 D) against 4 L of
distilled water for 48 hours at 4 °C, and
then lyophilized at270 °C to prepare
the antigens for ELISA. The same
amount of glycerin was added with a
final concentration of 1:20 wt/vol, and
this was used for the skin prick tests.

None of the subjects had received
antihistamines orally during the five
days preceding the skin prick tests. A
positive control of histamine (1 mg/
mL, Allergopharma Co., Germany),
along with a negative control of diluent
(Allergopharma Co., Germany), was
included in all tests. Fifteen minutes
after the prick test, the mean diameter
of the wheal formed by CRM was
measured. If the diameter of the wheal
measured 3 mm or larger compared to
diluent, the skin response to CRM was
defined as positive.

ELISA for Specific IgE, IgG4, and
IgG1 Levels
The serum-specific IgE levels induced
by CRM were determined using
ELISA as previously described.3 In
brief, microtiter plates (Dynatech,
USA) were first coated with 50mL/
well of allergen extracts (5mg/well),
and left at 4 °C overnight. Each well
was washed three times with 0.05%
Tween phosphate buffered saline
(PBS-T), and the remaining binding
sites, were blocked by incubation with
350 mL of 3% bovine serum albumin
for one hour at room temperature. The
wells were then incubated for 2 hours
at room temperature with 50mL of
either the patients’ sera or control sera

(undiluted) from 30 CRM-unexposed
nonatopic healthy controls. After being
washed three times with PBS-T, 50mL
of the 1:1000 vol/vol biotin-labeled
goat anti-human IgE antibody (Vector
Co., USA) was added to the wells and
incubated for 2 hours at room temper-
ature. The wells were then washed
three times with PBS-T and incubated
with 1:1000 vol/vol streptovidin-per-
oxidase (Sigma Co., USA) for 30 min-
utes before another washing step. This
was followed by incubation with 100
ml ABTS (2,2-azinobis-3-ethyl-benz-
thiazoline sulfuric acid in a citrate
phosphate buffer) for 10 minutes at
room temperature. The reaction was
stopped by the addition of 100mL 2 N
sodium azide, and the absorbance was
read at 410 nm by an automated mi-
croplate reader. All assays were per-
formed in duplicate. For detecting spe-
cific IgG4 and IgG1 antibody levels,
1:1000 vol/vol goat anti-human IgG4
and IgG1 (Sigma Chemical Co., USA)
were used instead of anti-human IgE
and the same steps were then followed
as above. The cutoff values of serum
CRM-specific IgE, IgG4, and IgG1
levels were determined from the mean
plus the two-fold standard deviations
of the absorbance value (OD) from the
control subjects.

Statistical Analysis
Positive rates between the two groups
were analyzed using the chi-squared
test. The mean values between the two
groups were analyzed using the Stu-
dent’s unpairedt test. The statistical
significance of the correlation between
the two groups was calculated using
Pearson’s correlation coefficients. AP
value of .05 or less was regarded as
significant.

RESULTS
Table 1 shows the characteristics of the
study subjects. Fourteen subjects
(14%) had experienced wheezing and
32 subjects (32%) had experienced
chronic rhinitis symptoms over the last
12 months. Twenty-three subjects
(23%) showed positive skin responses
to CRM. Serum CRM-specific IgE
levels were elevated in 21 subjects

Table 1. Characteristics of Study Subjects

Characteristics Number of Subjects (%)

Male:female 59:41
Asthma symptoms

Ever experiencing wheezing 17 (17%)
Wheezing during last 12 months 14 (14%)
Wheezing during exercise 16 (16%)
Nocturnal cough 21 (21%)

Chronic rhinitis symptoms*
Ever experiencing rhinitis symptoms 39 (39%)
Rhinitis symptoms during last 12 months 32 (32%)

Skin responses to CRM 23 (23%)
Serum CRM-specific antibody

IgE 21 (21%)
IgG4 32 (32%)
IgG1 5 (5%)

Environmental exposure†
#1 Km 61
.1 Km 39

CRM: citrus red mite (Panonychus citri).
* Rhinitis symptoms: sneezing or nasal obstruction without upper respiratory infection.
† Distance from nearest citrus farms to house of subject.
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(21%), specific IgG4 in 32 (32%), and
specific IgG1 in five (5%).

The prevalence of wheezing during
the last 12 months was 18% in the
high-exposure group, and 7.7% in the
low-exposure group. This showed a
higher tendency toward wheezing in
the high-exposure group, although the
difference was not statistically signifi-
cant (P . .05). Positive skin responses
to CRM were higher in the high-expo-
sure group than in the low-exposure
group (32% versus 8.3%,P , .05).
Serum specific IgE, IgG4, and IgG1
levels according to environmental ex-
posure are shown in Figure 1. Serum
CRM-specific IgE levels [absorbance
(OD, 31000), geometric mean6 SD]
were higher in the high-exposure
group than in the low-exposure group
(237 6 276 versus 1746 102, P ,
.05). Specific IgG4 and IgG1 levels
[absorbance (OD,31000), geometric
mean6 SD], however, were not dif-
ferent between the two groups (1076
87 versus 1086 101, P . .05; 976
37 versus 906 32, P . .05, respec-
tively).

Figure 2 shows serum CRM-specific
IgE, IgG4, and IgG1 levels according
to skin responses to CRM. Serum
CRM-specific IgE levels [absorbance
(OD, 31000), geometric mean6 SD]
were higher among those with positive
skin responses to CRM than among
those with negative skin responses
(399 6 349 versus 1736 135, P ,
.0001). Specific IgG4 and IgG1 levels
[absorbance (OD,31000), geometric
mean 6 SD] were not significantly
different between the two groups
(1256 110 versus 1036 86,P . .05;
100 6 29 versus 936 28, P . .05,
respectively).

Serum-specific IgE levels [log-IgE
(absorbance, OD,31000)] were sig-
nificantly correlated with wheal size
formed by CRM (allergen/histamine
ratio) (correlation coefficient5 0.47,
P , .0001). However, Serum-specific
IgG4 and IgG1 levels [log-IgE (absor-
bance, OD,31000)] were not corre-
lated with wheal size formed by CRM
(correlation coefficient5 0.08, P .
.05; correlation coefficient5 20.006,
P . .05, respectively). When individ-

Figure 1. Individual values of serum specific IgE, IgG4, and IgG1 antibodies according to environ-
mental exposure to the citrus red mite. This figure shows serum specific IgE (a), serum specific IgG4 (b),
and serum specific IgG1 (c) levels (absorbance, OD) in the two groups with high and low-exposure to
citrus red mite.

VOLUME 85, DECEMBER, 2000 485



ual values of serum-specific IgE anti-
body were plotted against those of spe-
cific IgG4 or IgG1, a significant
correlation was found between the spe-
cific IgE levels and the specific IgG4
and IgG1 levels (correlation coeffi-
cient 5 0.24,P , .05; correlation co-
efficient 5 0.49, P , .0001, respec-
tively). No significant correlation,
however, was found between specific
IgG4 and IgG1 levels (correlation co-
efficient 5 0.1, P . .05).

The prevalence of wheezing and
chronic rhinitis symptoms during the
last 12 months was higher among sub-
jects with positive skin responses to
CRM than among those with negative
skin responses (30.4% versus 9%,P ,
.05; 52.2% versus 30%,P , .05). The
prevalence of wheeze and chronic rhi-
nitis during the last 12 months was
significantly higher in subjects with
high CRM-specific IgE levels than in
those with low specific IgE levels
(33.3% versus 8.9%,P , .05; 42.9%
versus 29.1%,P , .05). The preva-
lence of asthma and rhinitis symptoms
was the same in subjects with high and
low specific IgG4 levels (9.4% versus
16.2%,P . .05; 28.1% versus 34.3%,
P . .05, respectively).

DISCUSSION
In this study, among adolescents living
in rural areas with citrus farms, the rate
of positive skin responses to CRM was
23%, and the rate of positive serum-
specific IgE responses was 21%. Cheju
Island, where the study subjects had
been living, is located off the southern
coast of the Korean mainland and is
famous for its citrus cultivation. Most
adolescents living in the rural areas of
Cheju Island have been there since in-
fancy, rarely moving to other areas,
and spend much of their time outdoors.
Our previous study has revealed that
CRM is the most common sensitizing
allergen (16.5%) among citrus-culti-
vating farmers,3 and a common sensi-
tizing allergen in children living
around citrus farms.4 The environmen-
tal characteristics of Cheju Island
could explain the higher rate of sensi-
tization to CRM among adolescents in
the rural areas.

Figure 2. Individual values of serum specific IgE, IgG4, and IgG1 antibodies according to skin
responses to the citrus red mite. This figure shows serum specific IgE (a), serum specific IgG4 (b), and
serum specific IgG1 (c) levels (absorbance, OD) in the two groups with positive and negative skin
responses to citrus red mite.
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The relationship between environ-
mental exposure and sensitization to
indoor allergens has been previously
studied. The results from a follow-up
of a cohort of children by Sporik et al7

showed that exposure to high levels of
house dust mite allergen increased the
risk of sensitization. The present study
demonstrated that subjects who had
been living near citrus farms had en-
hanced skin and serum-specific IgE re-
sponses induced by CRM compared
with those living far from citrus farms.
No significant difference, however,
was found in the serum CRM-specific
IgG4 and IgG1 levels according to ex-
posure levels. From these findings, we
can assume that specific IgE responses
induced by CRM-derived allergens
may be determined by environmental
exposure.

Several studies have suggested that
the presence of specific IgG antibodies
may represent a response to repeated
allergen exposure. Park et al8 reported
that the correlation between specific
IgG antibodies to corn dust and expo-
sure duration was significant among
employees working in the animal feed
industry. Aalberse et al9 found that
specific IgG1 responses were predom-
inant during the first few months of
beekeeping, and IgE antibodies also
appeared in more than 50% of the bee-
keepers during this period. IgG4 dom-
inance became apparent particularly
during the second year of beekeeping,
and professional beekeepers had ex-
tremely high IgG4 antibody levels. In
the present study, the serum-specific
IgG4 levels induced by CRM were
predominant compared to IgG1 levels
(32% versus 5%). This finding may be
explained by the fact that the adoles-
cents tested in this study had been
exposed to CRM for a long period
of time.

Immune responses to inhalant aller-
gens are not restricted to atopic sub-
jects. While elevated serum IgE levels
to common environment allergens are
a distinctive feature of atopy, allergen-
specific IgG responses can be detected
in sera from both atopic and nonatopic
subjects. IgE-inducing antigens have
also proved to be excellent IgG4 in-

ducers, including not only many differ-
ent atopic allergens, but also parasite
allergens and castor bean allergens.11

The reverse does not seem to always
be the case, as evidenced by a food
protein that induces strikingly high
IgG4 responses without a marked con-
tribution to food allergy.12 Analysis by
Western blotting of complicated aller-
gen extracts reveals the IgG4 response
to be more like the IgE response than
the other Ig subtypes.13 On the level of
the total allergen molecule, IgE and
IgG4 responses are thus found to be
associated.14 The explanation for this is
that presumably bothisotypes are
IL-4 dependent and thus require the
stimulation of Th2 cells.15–18 In this
study, a significant correlation was
observed between CRM-specific IgE
levels and IgG4 andIgG1 levels, but
not between specific IgG4 and IgG1
levels. This finding suggests that
CRM-specific IgG4 and IgG1 re-
sponses are linked to the specific IgE
responses induced by CRM.

Little has been known about the role
of the specific IgG4 antibody in the
development of clinical allergy. Hu-
man basophils express the low-affinity
type II g-receptor, CD32.19 Investiga-
tors have revealed, however, that IgG4
antibodies are functionally monova-
lent.10 The functional monovalency of
IgG4 makes it unsuitable to act as a
cytophilic antibody, like IgE, to be-
come cross-linked by antigens.11 These
findings can explain our observation
that skin responses to CRM were sig-
nificantly correlated with serum-spe-
cific IgE responses, but not with IgG4
responses.

The fact that clinical improvement af-
ter immunotherapy induced specific
IgG4 antibody suggests that allergen-
specific IgG4 acts as a blocking antibody
by competing with IgE for allergen bind-
ing and inhibiting IgE-dependent activa-
tion of mast cells and basophils.20 In the
study on occupational asthma and rhini-
tis in laboratory rats, Platts-Mills et al.20

reported that asthmatic reactions signifi-
cantly associated with serum-specific
IgE levels, but not with IgG4 levels. In
this study, the prevalence of asthmatic
symptoms was significantly associated

with the skin responses and serum-spe-
cific IgE responses induced by CRM,
but not with specific IgG4 responses.
These findings suggested that the spe-
cific IgG4 responses induced by CRM
play a minimal role in the development
of asthma.

In conclusion, a positive rate of spe-
cific IgE responses to CRM was prev-
alent among adolescents living near
citrus farms, and specific IgE re-
sponses could be determined by envi-
ronmental exposure. Specific IgG4 and
IgG1 responses induced by CRM play
a minimal role in the development of
asthma symptoms.
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