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Airway secretion on the respiratory mucosa is an im-
portant part of mucosal immunity [1] and the presence of
immunoglobulin (Ig)A, IgG, IgM and IgE antibodies in
airway secretion has been shown [2]. In airway secretion,
IgA (60–70%) and IgG (30–40%) antibodies account for
99% of total immunoglobulins [3, 4] and the majority
(70–90%) of total IgA is secretory IgA which is locally
produced in the respiratory mucosa [3, 4]. It has been sug-
gested that a majority of IgG antibodies in airway secre-
tion are passively leaked through the surface epithelium from
the systemic circulation [1, 5]. A protective role of mu-
cosal IgA antibodies in various bacterial and viral infec-
tions has been suggested [1, 2]. However, the significance
of mucosal immunoglobulins in the pathogenesis of chronic
airway disease has not been fully determined.

Eosinophils play a major role in the airway inflamma-
tion of bronchial asthma [6]. Cytotoxic proteins released
by eosinophil degranulation are believed to play a central
role in the pathogenesis of bronchial asthma by inducing
damage to the airway epithelium [7]. However, the mech-
anism of eosinophil degranulation in asthmatic airway is

poorly understood [8]. Various chemoattractants and cyto-
kines such as platelet-activating factor (PAF), interleukin
(IL)-3, IL-5, and granulocyte-macrophage colony-stimu-
lating factor (GM-CSF) are known to affect eosinophil mig-
ration, proliferation and survival, but they act as a weak
degranulation inducers for eosinophils and act mainly as
priming agents [8]. In vitro studies have suggested that
immobilized IgG and IgA, and secretory IgA can stimulate
eosinophil degranulation; of these immunoglobulins, secre-
tory IgA is the best for inducing eosinophil degranulation
without stimulating neutrophil degranulation [8]. In pa-
rasitic disease, it has been suggested that IgA antibody
participates in antibody-dependent eosinophil-mediated cyto-
toxicity by inducing eosinophil degranulation and thereby
protects against parasitic infections [9]. Recent studies on
IgA antibody in induced sputum by the present authors
[10] and others [11] showed that total IgA antibody lev-
els correlate significantly with eosinophil cationic protein
(ECP) levels and eosinophil counts in induced sputum
from asthmatic patients and suggested that IgA antibodies
in tracheobronchial secretion may be involved in eosi-
nophil degranulation in the bronchial mucosa of asthmatic
patients.
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ABSTRACT: The antigenic specificity and pathogenetic significance of immunoglob-
ulins in airway secretion from asthmatic patients have not been established. Elevated
levels of B-cells and immunoglobulin (Ig)A antibodies have been reported in sputum
of asthmatics and these levels correlated with the eosinophil counts and levels of
degranulated cytotoxic proteins from eosinophils. This study aimed to investigate the
antigen specificity and possible pathogenetic significance of antibodies in airway
secretion from asthmatic patients.

Specific IgA and IgG antibodies to both allergen (Dermatophagoides farinae) and
bacterial antigen (capsular polysaccharide antigen from Streptococcus pneumoniae)
were measured in sputum from 16 atopic asthmatic patients sensitized to D. farinae
and 12 nonatopic, nonasthmatic controls by enzyme-linked immunosorbent assay.
Sputum was induced by inhalation of hypertonic saline. Eosinophil cationic protein
(ECP) levels in sputum from asthmatic patients were measured by the Pharmacia
CAP system.

Levels of IgA to both D. farinae and S. pneumoniae and IgG to D. farinae in the
sputum from asthmatic patients were significantly higher than those from controls
(p<0.005). No significant difference was found in the levels of IgG to S. pneumoniae
between the two groups. In asthmatic patients, there were significant correlations
between IgA to D. farinae and S. pneumoniae (r=0.76, p=0.003). Sputum ECP levels
correlated significantly with IgA to D. farinae (r=0.55, p=0.03) and S. pneumoniae
(r=0.56, p=0.03) and IgG to D. farinae (r=0.52, p=0.04), but not with IgG to S. pneu-
moniae in asthmatic patients.

In conclusion, specific immunoglobulin A antibodies to both allergen and bacterial
antigen were elevated in induced sputum from atopic asthmatics and their possible
involvement in eosinophil degranulation was suggested.
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The respiratory mucosa responds to various bacterial
organisms and inhaled airborne allergens. Patients with
chronic airway disease showed elevated levels of IgA anti-
body against bacterial antigen in their sputum [12], where-
as, patients with bronchial asthma showed elevated levels
of IgA antibody to inhalant allergen in sputum [13]. How-
ever, antigenic specificity of IgA antibodies in airway secre-
tion from asthmatic patients has not been fully determined.

To investigate the antigen specificity and possible patho-
genetic significance of IgA and IgG antibodies in the air-
way secretion from patients with asthma, IgA and IgG
antibodies to allergen and bacterial antigen were meas-
ured in induced sputum from patients with atopic asthma.

Methods

Subjects

Induced sputum samples were collected from 16 atop-
ic asthmatic patients who showed a positive response to
house dust mite (Dermatophagoides farinae; Bencard Co.,
Brentford, UK) on a skin-prick test (table 1). All patients
had a typical clinical history of asthma and documented
reversibility of forced expiratory volume in one second
(FEV1) >15% of predicted value. All patients were non-
smokers and had a mild degree of asthma. None had re-
ceived inhaled or oral corticosteroids for at least 3 months
before the study. Subjects who had suffered a recent res-
piratory tract infection or exacerbation of asthma were
excluded. Twelve healthy, nonatopic, nonsmoking and non-
asthmatic controls were recruited from the medical stu-
dents and staff of Ajou University Hospital. Some of the
asthmatic subjects and all of the controls were participants
in the previous study [10]. All subjects underwent a skin-
prick test with common aeroallergens (house dust mite,
grass pollens, tree pollens, weed pollens, cat, dog and moulds;
Bencard Co.). A positive skin test was defined when the
mean wheal diameter of the allergen was 3 mm greater
than that of the negative control (normal saline). This study
was approved by the Ethics Committee of Ajou University
Hospital and all subjects gave their written informed con-
sent. The study was conducted from July to August 1995,
during the season when the environmental house dust mite
allergen reaches peak levels in Korea [14].

Sputum and saliva sampling

Sputum was induced according to the method previous-
ly described [15]. Immediately before sputum induction,

each subject was pretreated with 200 µg salbutamol, ad-
ministered by means of a metered-dose inhaler. The sub-
jects then inhaled nebulized sterile 3% saline solution for
20 min through an ultrasonic nebulizer (Omron Co., Tokyo,
Japan). Subjects were encouraged to cough throughout the
procedure and they regularly stopped to expectorate spu-
tum. Before sputum expectoration, each subject was in-
structed to rinse their mouth with water and blow their
nose, then to cough and expectorate sputum into a clean
plastic container. Saliva samples were taken before induc-
tion of sputum in 12 asthmatic patients.

Processing of sputum and saliva

Collected sputum and saliva were processed immediate-
ly as in the method previously described [10]. The vol-
umes of saliva and induced sputum were determined and
an equal volume of phosphate-buffered saline (PBS) was
added. The samples were then mixed using a vortex mixer
and centrifuged for 20 min at 1,500×g. The supernatants
were aspirated and frozen at -20°C. The pellets were fur-
ther treated with dithiothrietol (Sputolysin; Calbiochem Bio-
chemicals, San Diego, CA, USA) as described previously
[15], resuspended in saline, cytocentrifuged (Model 7 cyt-
ospin; Shadon Scientific Products, Miami, FL, USA) and
stained by the Wright-Giemsa method. Eosinophils were
counted from at least 200 nonsquamous cells on each slide.

Measurement of total immunoglobulin levels

Total IgA concentrations in induced sputum were meas-
ured by nephelometry with a Beckman Array System
(Beckman Instruments, Brea, CA, USA). Total IgG con-
centrations in induced sputum were measured by a sand-
wich enzyme-linked immunosorbent assay (ELISA) method
using affinity-purified polyclonal goat antibodies to hum-
an IgG (Sigma Chemical Co., St Louis, MO, USA) as
described previously [4].

ECP measurement

The ECP level in induced sputum was measured using
the Pharmacia CAP system (Pharmacia Diagnostics, Upp-
sala, Sweden) in 16 asthmatic patients. The lowest detec-
tion limit for ECP measurement was 2 ng·mL-1. When
ECP levels were below the lowest detection limit, they
were treated as zero for statistical analysis.

Measurement of specific antibodies to house dust mite
(Dermatophagoides farinae) and Streptococcus pneumo-
niae antigens

Specific antibodies to D. farinae and Streptococcus pneu-
moniae antigens were measured by ELISA according to
the method reported previously [12, 13, 16]. Microtitre
plates (Immulon 2; Dynatech Laboratories, Chantilly, VA,
USA) were coated with either D. farinae antigen (kindly
provided by J. Weiss at Diagnostic Products Corporation,
Los Angeles, CA, USA) at a concentration of 2 µg·well-1

in 0.1 M carbonate buffer (pH 9.6) and pneumococc-       al
polysaccharide antigens (mixed antigens from 23 sero-
types, Pasteur Méieux Sérums et Vaccins, Lyon, France)
at a concentration of 0.1 µg·well-1 in PBS, overnight at

Table 1.  –  Characteristics of the study subjects

Healthy
controls
(n=12)

Asthmatic
subjects
(n=16)

Age  yrs (mean±SD)
Sex  M/F
FEV1  %
Sputum eosinophil count
Sputum ECP  ng·mL-1

Sputum total IgA  µg·mL-1

Sputum total IgG  µg·mL-1

35±11
5/7

101.4±1.7
0.5±0.4

-
196±32

60.8±12.2

36±14
10/6

87.3±4.5*
14.4±4.6*

231.6±44.3
328±57

226.2±80.9

Values are presented as mean±SEM except where indicated. M:
male; F: female; FEV1: forced expiratory volume in one second;
ECP: eosinophil cationic protein; Ig: immunoglobulin. *: p<0.05,
significant difference between groups. -: not measured.
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4°C. Plates were washed and blocked with 3% bovine
serum albumin in PBS with 0.05% Tween-20 and then
incubated with duplicated samples (50 µL) of induced spu-
tum and saliva at 1:50 dilutions overnight at 4°C. After
washing, plates were incubated with peroxidase-conjugat-
ed affinity-purified goat anti-IgA or anti-IgG antibodies
(Sigma) at 1:2,500 dilution for 3 h at room temperature.
After washing, the substrate solution consisting of 0.04%
(w/v) orthophenylenediamine (OPD) dissolved in 24.3 mM
citric acid, 51.4 mM NaH2PO4 (pH 5.0) and 0.03% H2O2
was added. After 15 min, the reaction was stopped by add-
ing 2.5 N H2SO4. Colour development was measured with
an ELISA reader (Molecular Devices, Menlo Park, CA,
USA) at 490 nm. Amounts of specific antibodies in the
samples were calculated from control curves made by
optical densities from serial dilutions of positive control
samples which showed high titre antibodies using a spline
fit program (SoftMax, Molecular Devices). The specific
antibody contents in the reference samples were designed
as 100 arbitrary units (AU)·mL-1. In each assay system
intra-assay and interassay variations were below 15%. To
assess the parallelism between standard and samples, in-
terdilutional variations of each assay were calculated and
the values were below 15%.

ELISA inhibition

ELISA inhibition was performed using sputum samples
with high titre specific antibodies. Serially 10-fold diluted
D. farinae and S. pneumoniae polysaccharide antigens
starting from 1 mg·mL-1 were added to diluted positive spu-
tum samples for 16 h at 4°C and the specific antibodies
were measured by ELISA as described above. The results
of ELISA inhibition were calculated as the per cent inhibi-
tion according to the following formula: Inhibition (%) =
((Absorbance by addition of buffer only - Absorbance by
addition of antigen)/Absorbance by addition of buffer only)
× 100. 

Statistics

Data were expressed as the mean and standard error of
the mean (SEM). The Mann-Whitney U-test was used to ass-
ess differences between groups. A Spearman's rank corre-
lation was calculated to assess correlations between the
data. The differences between induced sputum and saliva
samples from the same subjects were compared by a Wil-
coxon signed-rank test. A p-value <0.05 was regarded as
statistically significant.

Results

Levels of specific antibodies to Dermatophagoides fari-
nae and Streptococcus pneumoniae in induced sputum

Levels of IgA to both D. farinae and S. pneumoniae and
IgG to D. farinae in sputum from asthmatic patients were
significantly higher than those from controls (p<0.005)
(fig. 1). No significant difference was found in the levels
of IgG to S. pneumoniae between the two groups (p>0.05).
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Fig. 1.  –  Levels of specific immunoglobulin (Ig)A (a, b) and specific
IgG antibodies (c, d) to Dermatophagoides farinae and Streptococcus
pneumoniae in induced sputum from controls and asthmatics. *: p>
0.05; +: p<0.005, significant difference between groups.
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ELISA inhibition

Dermatophagoides farinae and S. pneumoniae antigen
inhibited specific antibody bindings over 80% in each spe-
cific IgG and IgA assay in a dose-dependent manner and
there was no evidence of cross-antigenicity between the
two antigens (data not shown).

Correlations between fluid-phase measurements of im-
munoglobulins in induced sputum from asthmatic pat-
ients

There were significant correlations between IgA to D.
farinae and IgA to S. pneumoniae (r=0.76, p=0.003).
However, there was a weaker borderline significant corre-
lation between IgG to D. farinae and IgG to S. pneumo-
niae (r=0.49, p=0.06) (fig. 2).

Correlations between immunoglobulin levels and eosi-
nophil counts or ECP levels in induced sputum from asth-
matic patients

There was no significant correlation between eosinophil
counts (%) and immunoglobulin levels in induced sputum
from asthmatic patients (p>0.05) (table 2). In asthmatic
patients, levels of sputum ECP correlated significantly
with those of total IgA (r=0.82, p=0.002), IgA to D. fari-
nae (r=0.55, p=0.03), IgA to S. pneumoniae (r=0.56, p=
0.03) and IgG to D. farinae  (r=0.52, p=0.04), but not with
total IgG (r=0.42, p=0.1) or IgG to S. pneumoniae (r=
0.30, p=0.25) (table 2).

Levels of specific antibodies to S. pneumoniae in induced
sputum and saliva from 12 asthmatic patients

All fluid-phase measurements including total IgA, total
IgG, specific IgA and IgG antibodies to both S. pneumo-
niae and D. farinae were significantly higher in induced
sputum than in saliva from 12 asthmatic patients (total IgA,
p<0.05; others, p<0.001) (table 3).

Discussion

This study demonstrated that IgA antibodies to both
allergen and bacterial antigen are elevated in induced spu-
tum samples from atopic asthmatic patients. Elevations of
B-cells [17] and IgA antibodies [11] in induced sputum of
asthmatics have been reported. Although increased levels
of allergen-specific IgE, IgG and IgA antibodies in nasal
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Fig. 2.  –  Correlations between a) specific immunoglobulin (Ig)A anti-
bodies to Dermatophagoides farinae and b) Streptococcus pneumoniae
and between specific IgG antibodies to D. farinae and S. pneumoniae in
induced sputum from mite-sensitive asthmatic patients. a) r=0.76, p=
0.003, n=16; b) r=0.49, p=0.06, n=16.

Table 2.  –  Correlations between immunoglobulin levels
and eosinophil counts (%) or eosinophil cationic protein
(ECP) levels in induced sputum from asthmatic patients
(n=16)

Sputum
eosinophil count

ECP

r p-value r p-value

Total IgA
Total IgG
Specific IgA to D. farinae
Specific IgG to D. farinae
Specific IgA to S. pneumoniae
Specific IgG to S. pneumoniae

0.50
0.45
0.31
0.33
0.32
0.33

0.053
0.21
0.26
0.20
0.21
0.20

0.82
0.42
0.55
0.52
0.56
0.30

0.002
0.10
0.03
0.04
0.03
0.25

Ig: immunoglobulin; D. farinae: Dermatophagoides farinae; S.
pneumoniae: Streptococcus pneumoniae.

Table 3.  –  Fluid phase measurements in induced sputum
and saliva from 12 asthmatic patients

Induced
sputum Saliva

Total IgA  µg·mL-1

Total IgG  µg·mL-1

Specific IgA to D. farinae 
  AU·mL-1

Specific IgG to D. farinae
  AU·mL-1

Specific IgA to S. pneumoniae
  AU·mL-1

Specific IgG to S. pneumoniae
  AU·mL-1

337±74
240.7±105.9

29.4±8.7

12.7±8.1

38.4±9.5

20.4±8.5

120±23*
14.3±3.2***

4.8±1.2***

0.28±0.13***

4.6±1.6***

0.38±0.10***

Values are presented as mean±SEM. Ig: immunoglobulin; D. fari-
nae: Dermatophagoides farinae; S. pneumoniae: Streptococcus
pneumoniae. *: p<0.05; ***: p<0.001, significant difference
between groups.
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secretions from patients with allergic rhinitis [18] and
house dust mite-specific IgA antibodies in sputum from
mite-sensitive asthmatic patients have been reported [13],
information on the antigen specificity of these antibodies
in airway secretion from asthmatic patients has been lim-
ited. In this study, it was demonstrated that IgA antibodies
to both house dust mite antigen and pneumococcal poly-
saccharide antigen are increased in induced sputum from
mite-sensitive asthmatic patients.

In a previous study, we demonstrated that the majority
of IgA antibodies in induced sputum from atopic asthmat-
ics was not diffused out passively from the systemic circu-
lation but produced locally [10]. There are several possible
explanations for the elevation of IgA antibodies to pneu-
mococcal polysaccharide antigen in induced sputum from
mite-sensitive asthmatic patients.

The first explanation is infection or colonization of S.
pneumoniae in the airway mucosa and stimulation of IgA
antibody response in asthmatic patients. It is known that S.
pneumoniae inhabit the upper respiratory tract of healthy
adults and patients with chronic obstructive pulmonary dis-
ease (COPD) [19]. Only a small proportion of patients
with COPD (~7%) was found to have colonization of the
lower respiratory tract by S. pneumoniae [20, 21]. As the
patients included in this study did not have any clinical
symptoms or signs suggesting respiratory infection, the
possibility of pneumococcal infection in the majority of
these patients seems to be very low.

Another possibility is nonspecific expansion of pre-ex-
isting IgA-producing B cells in the airway mucosa due to
increased levels of IL-5 in the airway secretion of asth-
matic patients [22]. In in vitro conditions, IL-5 acts on B
cells to enhance the production of IgA antibodies [23] and
the application of recombinant IL-5 on to human nasal
mucosa increases the production of IgA antibodies in nas-
al secretion [24]. Inhalation of allergen could increase the
concentration of IL-5 in airway secretions from atopic
asthmatics [25]. Capsular polysaccharide antigen of S.
pneumoniae is one of the thymus-independent antigens
and a humoral immune response against this antigen does
not depend on the presence of antigen-specific T cells,
although T-cell factors are required [26]. It may be speculat-
ed that activation of house dust mite-specific T-lymphocytes
with natural allergen exposure results in overproduction of
IL-5, stimulating both house dust mite-specific B-cells and
S. pneumoniae-specific B-cells in the bronchial mucosa to
produce specific IgA antibodies. The significant close
quan-titative correlations between specific IgA antibodies to
house dust mite antigen and pneumococcal polysaccharide
antigen in this study also support this hypothesis.

A significant correlation between sputum eosinophilia
and B-cell counts in asthmatic patients has been reported
[17] and the levels of soluble marker for eosinophil activa-
tion (ECP) correlated significantly with total IgA levels in
induced sputum of asthmatic patients [10, 11]. These res-
ults suggest a possible contribution of B-cell and IgA anti-
bodies to the pathogenesis of eosinophilic inflammation
of the asthmatic airway; however, their exact role in the
pathogenesis of asthma is still undefined. Several in vitro
data have suggested that immunoglobulins in respiratory
secretions may participate in eosinophil degranulation in
respiratory allergic diseases [8], although only a few in
vivo data have supported this hypothesis [10, 11]. In in
vitro conditions, immobilization of immunoglobulins on a

solid phase is essential in immunoglobulin-induced eosi-
nophil degranulation and plastic beads have been used for
this purpose [8]. However, solid-phase matrices to immo-
bilize immunoglobulins for eosinophil degranulation were
not defined in the asthmatic airway.

Allergen present in the airway mucosa could be a pot-
ential candidate. The allergen coated on a microtitre plate
can degranulate eosinophils in the presence of sera from
patients sensitized to the same allergen [27]. Moreover,
the amounts of eosinophil degranulation correlated with
the level of allergen-specific antibodies in the serum and
depletion of allergen-specific antibodies abolished the eos-
inophil degranulation [27]. Recently, the same group rep-
orted that bronchoalveolar lavage (BAL) fluid obtained
from ragweed-sensitive asthma after segmental allergen
challenge could induce eosinophil degranulation on allergen-
coated plastic surfaces and they also revealed significant
correlations between amounts of eosinophil degranulation
and specific IgG and IgA antibodies to ragweed in BAL
fluid [28]. In this study, significant correlations were found
between the levels of ECP, and IgA and IgG antibodies to
house dust mite in induced sputum from mite-sensitive
asthmatic patients. The patients may have been in a state
of continuous low-dose allergen challenge, because this
study was undertaken during the period when environ-
mental house dust mite allergen reaches peak levels in
Korea [14]. These findings suggest that allergen-specific
IgG and IgA antibodies in the airway secretion may con-
tribute to allergic inflammation by stimulating eosinophil
degranulation.

Sputum induction is a useful, reliable and noninvasive
method for obtaining airway secretion from asthmatic pat-
ients [29–31]. Most previous studies on bronchial asthma
using induced sputum have focused on inflammatory cells
and mediators [15, 29–31] and only rarely have studies
dealt with allergen-specific antibodies. One of the disad-
vantages of studying proteins from induced sputum is the
contamination of oropharyngeal secretions including sal-
iva. To overcome this problem, two sampling methods were
tried. Firstly, mucus plugs were extracted from sputum
samples to minimize salivary contamination [29]. Sec-
ondly, the entire induced sputum sample was analysed and
compared with the results from the saliva [15]. In this
study, the latter method was used because selection of a
mucus plug provides more viscous samples as well as
smaller amounts of specimen for fluid-phase analysis. The
levels of total IgA, total IgG, antigen-specific IgA and IgG
antibodies in induced sputum samples from asthmatic
patients were significantly higher than those in salivary
samples. These results suggest that the majority of IgA
and IgG antibodies in induced sputum may originate from
subglottic airways and sputum induction is a useful nonin-
vasive tool for studying allergen-specific antibodies in air-
way secretions from asthmatic patients.

In conclusion, specific immunoglobulin A antibodies to
both allergen and bacterial antigen were elevated in in-
duced sputum from atopic asthmatics and their possible
involvement in eosinophil degranulation was suggested.
Further study may be essential to clarify the pathogenetic
role of immunoglobulins in asthmatic airways.
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