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Allergen-reactive antibodies are found in nasal fluids from patients

with birch pollen-induced intermittent allergic rhinitis, but not

in healthy controls

Allergen-specific immunoglobulin A (IgA), IgE and IgG
have been demonstrated in nasal secretions from patients
with intermittent allergic rhinitis (IAR) sensitive to grass
and ragweed, but are usually not found in healthy
controls (1–5). Moreover, seasonal increases have been
reported in patients with ragweed-induced IAR (4, 5).
These observations suggest that allergen-reactive Igs in
nasal fluids could be of interest as local markers of
inflammation in IAR. The allergen reactivities of nasal
fluid Igs in birch pollen-induced IAR are not well defined.
Bet v 1 is the main allergen, based on IgE reactivity and
skin prick tests (6). This was substantiated by a recent
study of tears from patients with allergic conjunctivitis,
where IgE was found to be directed against Bet v 1. By
contrast, IgA was directed against other, nonallergenic
moieties (7). However, in a pilot study we found Bet v
1-reactive IgA in nasal fluids from patients with birch
pollen-induced IAR, but not in healthy controls (8).
A possible explanation for these contradictory findings
could be that analysis of nasal fluid IgA and IgG may be
confounded by degradation of these Igs in the nasal
cavity (9–11). Thus, assessment of the structural integrity

of IgA and IgG is important in studies of nasal fluid IgA
and IgG. It should be noted that IgA and IgG have
different molecular forms, which complicate interpret-
ation of nasal fluid Ig levels. Immunoglobulin A has two
subclasses and IgG four subclasses. While nasal fluid IgG
is mainly derived from plasma, IgA is mostly present as a
locally produced dimer, secretory IgA (S-IgA), which
is bound together by the secretory component (SC)
(reviewed in 3).
The aims of this study were to make a detailed

characterization of total and allergen-reactive IgA, IgE,
and IgG in nasal fluids from patients with birch pollen-
induced IAR during and after the pollen season, and
from healthy controls.

Materials and methods

Study design

Twenty-three patients with birch pollen-induced IAR and 20 heal-
thy controls were prospectively enrolled in the year 2000, as previ-
ously described (12). The patients were diagnosed after start of
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symptoms during the birch pollen season. To avoid cross-reactivity
against hazel and alder or other pollens off-season samples were
taken during the late fall of the same year. The controls were
diagnosed during the birch pollen season. The median age of the
patients and the controls were 42 (18–69) and 31 (24–66) years,
respectively. Fourteen patients and 15 controls were women. The
diagnosis of birch pollen-induced IAR was based on a positive
history of IAR for at least 2 years, and positive skin prick tests
against birch pollen. Patients were excluded if they had a history of
persistent rhinitis, had positive skin prick tests against perennial
allergens, had been given immunotherapy, local or systemic gluco-
corticoid (GC) treatment less than 4 weeks before the study, had
contraindications for GC, or were pregnant. The controls were all
symptom-free, had no history of allergic disease, and had negative
skin prick tests against a panel of allergens, including birch pollen.
The study was approved by the Ethics Committee of the Medical
Faculty, Lund University.

Nasal fluid collection and processing

Nasal lavage fluids were obtained as previously described (13).
Briefly, after clearing excess mucous by forceful exsufflation,
sterile isotonic saline solution at room temperature was aeoros-
olized into each nostril, while alternatingly clearing the other. The
nasal fluids were allowed to return passively and collected in a
graded test tube, until 5 ml was recovered. The median volumes
of introduced fluid in the patients were 7 ml (5–8) off season,
7 ml (5.5–9) during season, and 7 ml (6–8) in the controls. The
total number of cells per millilitre was counted in a Bürker
chamber. The fluids were then centrifuged at 1334 g for 10 min at
4�C. The supernatant was separated from the pellet. The pellet
was used to prepare slides that were stained according to the
May-Grünwald and Giemsa method for morphological assess-
ment of cells in the fluid by two independent microscopists. The
percentages of eosinophils out of a total of 100 cells/slide were
computed. All fluid samples were processed within 30 min after
the lavage.

Preparations of birch allergens

Three different preparations of birch allergen were employed for the
assessment of antibody responses: (i) Pure Bet v 1 major allergen
produced by recombinant technique (rBet v 1) (14); (ii) Pure Bet v 1
in the form of a native preparation representing more than 24 dif-
ferent isoforms, (native Bet v 1) (15); (iii) A crude aqueous extract of
birch pollen. The three preparations were the products and generous
gifts of ALK-ABELLÓ, Hörsholm, Denmark.

Quantitation of immunoglobulins and albumin in nasal
lavage fluid

Levels of IgA and IgG, Ig isotypes and antibodies to birch aller-
gens were quantitated by enzyme-linked immunosorbent assay
(ELISA) protocols sharing several essential points. Nunc polysty-
rene microplates (code, 269620) were used as solid phase
throughout and proteins for coating were incubated at 5 lg/ml in
10 mM Tris buffered saline, pH 7.5 containing 0.1% sodium azide
(TBS) in volumes of 100 ll at room temperature overnight. The
TBS supplied with 0.15% Tween 20 (TBST) served as combined
washing and blocking solution and as diluent for unknowns,
standards, antibody reagents, and alkaline phosphatase conjugates,
all of which were incubated at room temperature for 4 h. Pilot
experiments showed that TBST used in this way, with the type of

plates employed, prevented background reactions that may arise
from nonspecific binding of test sample Igs and other postcoating
reagents to the plate material (16). Optimal dilutions of commer-
cial antibodies (from DAKO, Glostrup, Denmark, unless other-
wise stated) were determined in pilot experiments. Unknowns,
appropriately prediluted, were analyzed at six serial threefold di-
lutions in duplicate wells, and a similar dilution series (eight steps)
of the relevant standard was included in each plate. After devel-
opment of plates with chromogenic substrate (p-nitrophenyl
phosphate in diethanolamine buffer, pH 9.8) optical densities (OD)
at 405 nm were read using a Multiscan RC ELISA reader (Lab-
systems, Helsinki, Finland). Titration curves for standard and
unknowns were fitted from a four-parameter logistic model using
the Genesis Lite software package (Labsystems) and concentra-
tions of unknowns were calculated as the mean of three, occa-
sionally two, determinations based on OD values corresponding to
the log-linear part of the standard curve. Concerning the individ-
ual assay protocols, total IgA and IgG were quantitated by
sandwich ELISA using isotype-specific rabbit antibodies for coat-
ing and enzyme-conjugated verions of the same antibodies for
detection (third layer). Secretory-IgA purified from human colos-
trum (16) served as standard in the IgA assay whereas isotype
standards for the IgG assay were obtained from DAKO. Birch
allergen-reactive IgA and IgG antibodies in nasal wash were
quantitated in gravimetric units (ng/ml) as described (17). Briefly,
for the quantitation of IgG antibodies, wells with test samples were
coated with the allergen (Bet v 1 or crude pollen extract) whereas
other wells of the plate with dilutions of a standard of the relevant
Ig isotype were coated with isotype-specific rabbit antibodies. After
incubation of the wells with sample, standard, or buffer (back-
ground control), all wells were developed by sequential incubation
with biotinylated isotype-specific rabbit antibodies, enzyme-conju-
gated streptavidin, and chromogenic substrate. The OD values for
dilutions of samples and standard were recorded after subtraction
of the corresponding background controls. In the case of IgG,
titration curves for most test samples were largely parallel to the
standard curve, testifying to the reliability of the assay. A similar,
calibrated ELISA quantitated IgA antibodies, except that the
standard curve was generated by titration of purified S-IgA2 (11)
in wells coated with an A2 subclass-specific monoclonal antibody
(Nordic, Tilburg, The Netherlands). Using an A2 subclass stand-
ard for quantitation of IgA antibodies of mixed subclass compo-
sition was acceptable because the biotinylated IgA-specific rabbit
antibody subsequently used for development reacted equally with
the A1 and A2 subclasses (11). This method of calibration,
involving a catching antibody of relatively low affinity
(Ka ¼ 3.7 H/107) (18) for the standard, generated a standard curve
parallel to the titration curve for Bet v 1-reactive IgA antibodies in
most test samples. Total IgE was determined by a competitive
radioimmunoassay, whereas Bet v 1-reactive and Bet v 2-reactive
IgE antibodies were determined with fluoroenzyme immunoassays
(Pharmacia & Upjohn Diagnostics, Uppsala, Sweden). Levels of
albumin in nasal fluid were determined using a competitive
radioimmunoassay (Pharmacia & Upjohn Diagnostics AB, Up-
psala, Sweden).

Analysis of integrity of immunoglobulin molecules

Immunoglobulin A, S-IgA, and IgG in nasal wash were analyzed
with respect to integrity of a chains, SC, and c chains by Western
blotting essentially as described (11). Briefly, samples of nasal wash
were subjected to sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis under reducing conditions and electroblotted onto
polyvinylidene difluoride membranes. To examine a chains or SC,
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blots were incubated with a chain- or SC-specific rabbit antibodies
followed by alkaline phosphatase conjugated swine antibodies to
rabbit Igs. To examine c chains, blots were incubated with biot-
inylated c chain-specific antibodies followed by alkaline phospha-
tase conjugated streptavidin. Blots were developed with a
chromogenic substrate of 5-bromo-4-chloro-3-indolylphosphate
and nitroblue tetrazolium. Lanes of Mr standards were stained
with amido black.

Molecular characterization of total IgA and IgA antibodies
to Bet v 1

The molecular form of total IgA in nasal secretions was examined as
previously described (11). Briefly, nasal wash samples were fract-
ionated on a calibrated Superose 6 size-exclusion chromatography
column (Pharmacia, Uppsala, Sweden) whereafter the separated
S-IgA (400 kD) and serum IgA (160 kD) forms were quantitated in
eluent fractions by sandwich ELISA, using IgA standards of the
homologous molecular form. After plotting of IgA concentration
against eluent fraction number, the molecular distribution of IgA in
the sample was calculated by planimetry (10). Bet v 1-reactive IgA
antibodies in eluent fractions were quantitated by ELISA against
IgA standards of homologous form as described above. Similar to
total IgA, the molecular distribution of IgA antibodies was calcu-
lated by planimetry.

Subclass analysis of Bet v 1-specific IgA antibodies

The subclass distribution of Bet v 1-specific S-IgA and serum IgA
antibodies was determined by analysis of the corresponding Sup-
erose 6 eluent fractions of nasal wash, essentially as described by
Hocini et al. (19). The assay analyzes that IgA1 (including
S-IgA1), but not IgA2, molecules are cleavable in the hinge region
by bacterial IgA1 proteases and that such cleavage prevents the
detection of IgA1 antibodies in an appropriately constructed
ELISA (20). Briefly, all IgA1 in a sample of the test fraction was
cleaved by incubation overnight at 37�C with an excess of men-
ingococcal IgA1 protease (own product) (21). A control sample
was incubated with buffer. The digested sample and the control
were then titrated in parallel in ELISA wells coated with recom-
binant Bet v 1, the wells being subsequently developed with Fca-
specific mouse monoclonal antibody (reacting with both subclasses)
followed by enzyme-labeled rabbit antibody to mouse Igs. By
relating the titration curve for the digested sample (only IgA2
antibodies detectable) to that of the control (both subclasses
detectable), the subclass distribution of Bet v 1-specific antibodies
was obtained.

Nomenclature

The revised nomenclature for allergy according to recent EAACI
recommendations is used (22).

Statistics

The levels of nasal fluid cells and mediators were compared between
patients and healthy controls using the Mann–Whitney test. Wilc-
oxon’s signed rank test was used to make paired comparisons of the
same variables during and after season and between patients.
Spearman rank correlation test was used for correlation analyses.
P values <0.05 were considered significant. The results are stated as
median and range.

Results

Nasal fluid eosinophil counts and albumin concentrations

Eosinophil counts in nasal fluid were higher in the
patients during the birch pollen season compared with
patients during off season, 1.1 cells · 104/ml (0.1–8.3)
[median (range)] vs 0 (0–0.34), P < 0.001, and com-
pared with the controls, 0 (0–0.30, P < 0.001). Albu-
min concentrations were higher in the patients during
the season than after, 100 (10.4–763) vs 35.8 (4.3–332)
mg/l, P < 0.01, and compared with the controls, 23.6
(5.2–450), P < 0.01.

Integrity of IgA and IgG in nasal fluid

Fourteen samples of nasal wash from patients (in season)
and five from controls were analyzed by immunoblotting.
Dominant and distinct bands identified as c chains,
a chains, and SC by their reactivity with corresponding
antibodies were of similar mobility in allergics compared
with controls. In some samples from both allergics and
controls, probing with anti-c or anti-a chain antibodies
revealed an additional faint band of approximately
45 kD, corresponding to heavy chains depleted of one
constant domain. Notably, a chain analysis did not reveal
Fca and Fda fragments characteristic of bacterial IgA1
protease activity in any samples.

Molecular forms of total IgA and allergen-reactive IgA
antibodies in nasal wash

Different molecular forms of IgA perform differently in
quantitative solid-phase immunoassays (23, 24). To select
appropriate calibration standards for quantitative ELISA,
we first analyzed the balance of secretory and serum forms
in total IgA and allergen-reactive IgA antibodies. Analysis
of size-exclusion column eluent fractions of five randomly
selected nasal wash samples from patients in season and
seven samples from controls showed that S-IgA constitu-
ted from 62% (31–88) of total IgA in the allergics to 92
(61–96)% in the controls. Quantitation of Bet v 1-reactive
S-IgA and serum IgA antibodies in the eluent fractions
from patients revealed that the S-IgA form predominated,
81% (62–91), irrespective of the molecular distribution of
total IgA. Fractions of samples from controls were
without antibodies. Based on these results standards
selected for the quantitation of total and Bet v 1-reactive
IgA in unfractionated samples were in the form of S-IgA.

Levels of nasal fluid immunoglobulins and antibodies to birch
allergens

Total IgA levels in the patients during the season did not
differ significantly compared with off season, nor with
controls (Table 1). In contrast, total IgE and total IgG in
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the patients during season were significantly higher than
the levels after season and in controls (Table 1).
Immunoglobulin A as well as IgG antibodies reacting

with rBet v 1 were present in nasal fluid from all patients
in the season (IgA; 8.0 (0.7–45.4) ng/ml; IgG: 15.8
(1.1–165) ng/ml) and were not significantly higher com-
pared with off season (IgA; 5.3 (0.5–55.3) ng/ml; IgG:
14.4 (0–180) ng/ml). In the controls rBet v 1-reactive IgA
and IgG were mostly nondetectable (IgA: 0 (0–1.7) ng/
ml; IgG: 0 (0–9.0) ng/ml) and lower than in the patients,
both before and after season (P< 0.0001) (Fig. 1).
The subclass distribution of rBet v 1-reactive IgA

antibodies was assessed for a subset of five patient
samples, the S-IgA and serum IgA molecular form being
analyzed separately by the IgA1 protease-based assay. In
all five samples IgA1 was the predominant subclass of

S-IgA (median 94 (95–55)%) as well as of serum IgA (86
(95–52)%) antibodies.
The IgE antibodies to rBet v 1 were detected in four

samples from the patients during the birth pollen season,
in one of the patients off season, and in none of the
controls. The IgE antibodies reacting with Bet v 2 were
not detected in any of the groups.
Native Bet v 1 exists in many isoforms with variable

antigenic properties (28). To examine if reactivity to rBet
v 1 reliably reflected IgA responses to the allergen, IgA
reactivity to native Bet v 1 was analyzed as well. Levels of
native Bet v 1-reactive IgA correlated with rBet v
1-reactive IgA in nasal fluid from the patients (during
as well as after season) as well as from the controls
(r ¼ 0.95, P < 0.0001). Furthermore, similar to rBet v 1,
levels of native Bet v 1-reactive IgA in the patients during
season (4.5 (1.5–25.8) ng/ml) and after season (6.2
(1.1–33.6) ng/ml) were significantly above levels in the
controls (0.2 (0–0.6) ng/ml) (P < 0.0001).
Birch pollen contains potential allergens other than Bet

v 1. To examine if Bet v 1-reactive IgA reflected the overall
IgA reactivity to birch pollen, we measured IgA antibodies
reacting with a crude extract containing all pollen constit-
uents in nasal fluids from patients during the season. These
IgA antibody levels (4.5 (2.4–28.8) ng/ml) were signifi-
cantly correlated to those against native (r ¼ 0.78,
P< 0.01) and recombinant (r ¼ 0.7, P < 0.01) Bet v 1,
indicating that Bet v 1 was a major target of naturally
induced nasal IgA antibodies to birch pollen.

Discussion

Total and allergen-reactive Igs can be measured in nasal
fluids from patients with IAR, but usually not in healthy
controls (1–5). In two studies of IAR sensitive to ragweed
allergen-reactive IgA was found to increase during the
pollen season (4, 5). This suggests that allergen-reactive
Igs could be relevant as local markers of inflammation.
In this study nasal fluid levels of total IgE and IgG, but

not IgA, were higher in patients than in controls.
Increased IgE agrees with previous studies (1, 2, 13),
whereas IgA and IgG have varied (1–5). It should be
noted that IgA and IgG may be degraded by enzymes of
microbial and or host origin (9–11). Nasal bacteria may
produce IgA1 proteases, which specifically cleave IgA1,
including S-IgA1, molecules in the hinge region, leaving
the molecules as Faba (monovalent) and Fca (or FcaÆ SC)
fragments (10, 11). In addition, the SC of S-IgA mole-
cules may be degraded by enzymes in secretions (25).
ImmunoglobulinA1 is the main subclass in the nasal
mucosa and secretions (3, 16). Moreover, in this study,
analysis of five patient samples indicated that also Bet v
1-reactive IgA antibodies, whether of secretory or serum
form, were predominantly IgA1 and hence susceptible to
potential IgA1 protease activity. However, examination
by Western blotting revealed only very limited, if any,

Table 1. Nasal fluid concentrations of total IgA, IgE, and IgG

Total IgA [lg/ml] Total IgE [kU/ml] Total IgG [lg/ml]

Controls
Median 38.5 2.5 3.8
Range 16.3–115.4 1.1–3.0 0.7–51.3
N 20 19 20

Patients
Off season
Median 40.5 2.5 5.2
Range 10.6–122.6 2.1–13.4 0.6–67.9
N 20 20 20

Season
Median 54.5 2.8**1 8.7****1,2

Range 18.1–199.6 2.3–11.3 2.5–108.6
N 21 23 21

** P < 0.01, **** P < 0.0001.
1 Compared with healthy controls [Mann–Whitney].
2 Compared with patients after season [Wilcoxon signed rank test].
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Figure 1. Bet v 1-reactive IgA in nasal fluids from patients
during (n ¼ 21) and off season (n ¼ 20) and controls (n ¼ 20).
Horizontal bars indicate median values.
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degradation of a chains and SC, suggesting that most Bet
v 1-reactive IgA antibodies were intact and functional.
Likewise, no degradation of IgG was found.
Comparisons of absolute concentrations of antibodies

in nasal secretions may be confounded by variable
dilution by the lavage fluid (26). To compensate for this
antibody responses are usually recorded relative to total
isotype. However, as allergen-reactive antibodies in the
nasal mucosa are largely produced locally (2), they would
be confounded by transudated serum Ig if so recorded. In
this study, transudation was evident from the high
albumin levels in patient samples. Hence, and because
we have previously found little variation of dilution in
repetitive lavage samples (11), antibodies were measured
directly in nasal lavage.
Bet v 1 is considered to be the main allergen in birch

pollen-induced IAR, based on IgE-reactivity and skin
prick tests (6). Analysis of IgA and IgE in tears from
patients with birch pollen-induced allergic conjunctivits
has shown that while IgE was Bet v 1-reactive, IgA was
mainly reactive to other, nonallergenic moieties. It was
suggested that the protective effect of IgA, i.e. by
competitively blocking binding of IgE to Bet v 1, thus
would be lost (7). However, in this study Bet v 1-reactive
IgA and IgG were found in almost all samples from the
patients, and in none from the controls. By contrast, Bet v
1-reactive IgE was only detected in a small number of
patients during the season, and Bet v 2-reactive IgE was
nondetectable. Previous studies of grass pollen-induced
IAR have, however, shown nasal fluid allergen-reactive
IgE (2), suggesting that that the concentrations of Bet
v 1- and v 2-reactive IgE may be below the detection limits
of the assays used in this study. Allergen-specific IgA and
IgG in nasal fluids from patients but not controls agree
with other studies of grass pollen- and ragweed-sensitive
IAR (2, 4). However, in contrast to two studies of IAR
sensitive to ragweed, there were no significant differences
in allergen-reactive IgA levels between our patients during
and season. This could depend on antigenic heterogeneity
causing variable antibody reactivities. Native Bet v 1
consists of many different isoforms (15). It is thus possible
that IgA reactivity against recombinant Bet v 1 may not be
representative of reactivity against native Bet v 1. How-
ever, nasal fluid levels of native and recombinant Bet
v 1-reactive IgA were highly correlated. To assess IgA
reactivity against moieties other than Bet v 1, IgA reactive
to native birch extract was analyzed. The levels of native
birch-reactive IgA were similar to those for native Bet v 1-
reactive IgA. This indicates that allergen-reactive IgA
mainly reacted with Bet v 1. Further studies of IgA
reactive to other moieties, e.g. Bet v 2, are needed to clarify

this. To our knowledge there are no previous reports
comparing allergen-reactive IgG during and off season.
However, similar to Bet v 1-reactive IgA, there were no
differences in Bet v 1 reactive IgG during and off season.
These findings do not indicate that Bet v 1-reactive IgA or
IgG are suitable for assessing the degree of local inflam-
mation in IAR. However, it is noteworthy that allergen-
specific IgA and IgG antibodies were found in nasal fluids
from patients both during and off season, but not in
controls. This raises the question if these antibodies could
be used for specific allergy diagnosis. In contrast to skin
prick tests nasal lavage requires little training and is
associated with little or no discomfort. This could be of
interest in pediatric practice. Indeed, the method of
obtaining nasal fluids in this report has previously been
used in large pediatric studies (13). Another question is the
functions of allergen-reactive antibodies. Whereas the
pivotal role of allergen-reactive IgE in IAR is well
documented, the significance of non-IgE antibodies is less
clear. Immunoglobulin A antibodies have been considered
protective because they may exclude antigens from
mucosal tissues (27), their assumed function as blocking
antibodies (28) and repeated, although not unanimous,
observation of increased prevalence of atopic diseases in
selectively IgA-deficient individuals (27, 28). Likewise,
allergen-reactive IgG, or IgG subclasses, could have
protective properties by blocking or regulatory mecha-
nisms (29). However, high levels of allergen-reactive IgA
and IgG in nasal fluids from patients with IAR, but not in
controls, contradict the protective role of these antibodies
(2). It should be noted that experimental studies indicate
that IgA, IgE, and IgG may induce degranulation of
eosinophils and neutrophils (30–35). In clinical studies
positive correlations between IgA and eosinophil granulae
proteins have been found (4, 8).
In summary, nasal fluid Bet v 1-reactive IgA and IgG

are found in patients with birch pollen-induced allergic
rhintis, but not in healthy controls. Further studies are
needed to examine the functional role of these antibodies
in allergic disease.
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