
Bergren et al. J. ALLERGY CLIN. IMMUNOL. 
OCTOBER 1991 

Nadel JA, ed. Physiology and pharmacology of the airways. 
New York: Marcel Dekker, 1980:217-57. 

31. Lisboa C. Jardim J, Angus E, Macklem PT. Is extrathoracic 
airway obstruction important in asthma? Am Rev Respir Dis 
1980;122:115-21. 

32. Thome PS, Karol MH. Assessment of airway reactivity in 
guinea pigs: comparison of methods employing whole body 
plethysmography. Toxicology 1988;52(1-2):141-63. 

33. Stewart AG, Fennessy MR. Lewis SJ. Attenuation of antigen- 

induced bronchospasm by fenoterol in the guinea pig. Agents 
Actions 1984;14(1):318. 

34. Swam JL, Hines JJ, Sabina RL, Holmes EW. Accelerated 
repletion of ATP and GTP pools in postischemic canine myo- 
cardium using a precursor of purine de novo synthesis. Circ 
Res 1982;51:102-5. 

35. Londos C, Wolff J. Two distinct adenosine-sensitive sites on 
adenylate cyclase. Pros Nat1 Acad Sci USA 1977;74:54826. 

lmmunoglobulin concentrations in nasal 
secretions differ between patients with 
an IgE-mediated rhinopathy and a 
non-IgE-mediated rhinopathy 

Siebe J. Swart, MD,* Siebren van der Baan, MD, PhD,** 
Joke J. E. Steenbergen, Jos J. P. Nauta,** Gerard J. van Kamp, PhD,*** 
and Jeike Biewenga, PhD* Amsterdam, The Netherlands 

Nasal secretions from patients with an &E-mediated rhinopathy, patients with a 
non-&E-mediated rhinopathy, and healthy control subjects were collected with a newly 
developed direct aspiration system. Total protein, albumin, secretory IgA (sIgA), IgE, IgG, and 
Igki concentrations were measured in the nasal secretions to detect whether the nasal pathology 
is reJected in nasal secretion protein concentrations. It was found that protein and 
immunoglobulin concentrations in nasal secretions were inversely related to amount of secretion 
in the nasal cavity. Both patients’ groups had a significantly higher sIgA to protein ratio than 
the healthy control subjects. Furthermore, patients with an &E-mediated rhinopathy had 
significantly higher sIgA and IgM to total protein ratios in their nasal secretions than patients 
with a non-IgE-mediated rhinopathy. Probably these dtyerences are due to changes in 
immunoregulation. (J ALLERGY CUN IMMUNOL 1991;88:612-19.) 
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Abbreviations used 
SFT: Skin prick test 
sIgA: Secretory IgA 

Ab: Antibody 
AR: Allergic rhinitis 

HRF’: Horseradish peroxidase 

Immune and inflammatory reactions in the upper 
respiratory tract are reflected in protein and immu- 
noglobulin composition of nasal secretions. ’ However, 
the results of nasal secretion analysis in patients with 
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FIG. 1. Comparison of clinical data of the patients with an IgE-mediated rhinopathy and a 
non-IgE-mediated rhinopathy. A, sneezing; &itching in the nose; C, obstruction; D, rhi- 
norrhea. Scoring: 7, no complaints; 2, few complaints; 3, serious complaints; 4, severe com- 
plaints. 

respiratory complaints have been variable. At least 
one of the reasons is the difficulty of collecting a 
representative sample. Throughout the years, most of 
the studies were performed on nasal secretions ob- 
tained by nasal lavages.*” Also, other, irritative meth- 
ods have been used.‘, 6 Using a filter paper method 
for the collection of nasal secretions, Illum and Balle’ 
found that patients with perennial rhinitis had higher 
albumin, IgE, and IgM concentrations in nasal secre- 
tions than healthy control subjects. In nasal lavage 
fluids of patients with AR, Pulido and Garcia- 
Calderor? measured significantly higher concentra- 
tions of lgA, IgE, IgG, and IgM than in control sub- 
jects. In patients with rhinitis vasomotorica, this was 
found only for IgA and IgG. 

In the present study, nasal secretions were collected 
from patients with an IgE-mediated rhinopathy, from 
patients with a non-IgE-mediated rhinopathy, and 
from healthy control subjects. A newly developed, 
rather no~nirritative direct aspiration system was used.9 

The secretions were analyzed for total protein, albu- 
min, sIgA, IgE, IgG, and IgM to detect whether the 
two groups differ in nasal immunoglobulin levels and 
to what extent nasal pathology is reflected in nasal 
secretion protein concentrations. 

MATERIAL AND METHODS 
Patients 

The study patients (N = 59) were first observed in the 
outpatient department of the Ear, Nose, and Throat clinic 
of the Vrije Universiteit in Amsterdam and were suspected 
of having an IgE-mediated rhinopathy on the basis of their 
medical history. Patients with nasal polyps or medication 
for nasal complaints were excluded from the study. Allergy 
screening for common inhalation allergens was performed 
with percutaneous SPTs (Phazet, Pharmacia Diagnostics, 
Uppsala, Sweden) and the determination of allergen-specific 
IgE (IgE FAST Plus test, 3M Diagnostic Systems, Santa 
Clara, Calif.). The criteria for allergy were a wheal 
>2 mm for the SPT and/or serum RAST class 22 Q-O.70 
PRU/ml) for any of the allergens tested. A positive hista- 
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TABLE IA. Clinical data of patients with IgE-mediated rhinopathy 

Age 
No. Sex (yr1 Skin test RAST Total IgE 

1 M 39 
2 F 25 
3 M 25 
4 M 30 
5 F 19 
6 F 28 
7 F 43 
8 F 30 
9 F 21 

10 M 18 
11 M 30 
12 M 38 
13 F 33 
14 M 40 
15 M 20 
16 M 23 
17 F 25 
18 M 43 
19 F 24 
20 F 43 
21 F 29 
22 M 45 
23 F 23 
24 M 39 
25 F 33 
26 M 19 

Ti, Ry, Mi 
Ryg, Ti, Ry, Yo, Bi, Ho 
Ryg, Ti, Ry, Yo 
Ryg, Ti, Ry, Yo 
Ti, Ry, Yo, Mi 
Mi, Ca 
Mi 
Ti, Ry, Yo 
Bi 
Mi 
Ryg, Ti, Ry, Yo, Al, Bi, Mi, Ca, Do 
Ryg, Ti, Ry, Yo Mi, Ca, Ho 
Ryg, Ti, Ry, Yo 
Ryg, Ti, Ry, Yo 
Ryg, Ti, Ry, Yo 
Ti, Mi 
Ryg, Ti, Ry, Yo Bi, Mi, Ca 
Ryg, Ti, Ry, Yo, Al, Bi, Oa, Mi 
Ryg, Ti, Ry, Yo, Mi 
Ryg, Ti, Ry, Yo, Al, Bi, Wa 
Ho, Do 
Ryg, Ti, Ry, Yo, Mi 
Ti, Ry, Yo, Mi, Do 
Ti, Ry, Yo, HO, DO 
Mi 
Ryg, Ti, Ry, Yo 

Mi 
Ryg, Ti 
Ryg, Ti, Mi 
Ryg, Ti, Bi 
Ti 
Mi 
- 
- 
- 
- 
Ryg, Ti, Mi, MO 
Ryg, Mi 
Wg 
Wg 
W 
Mi 
Ryg, Mi 
Ryg, Ti, Mi 
- 
Ryg, Ti 
- 
Ryg, Ti, Mi 
Mi 
- 
Mi 
Ryg, Mi 

42 
94 

1770 
198 
251 
207 
121 
19 
67 
19 

749 
374 
30 

340 
178 
153 
288 
285 
250 
95 

106 
51 

291 
729 
185 
670 

AL Alder; % birch; ca, cat hair; DO, dog hair; Ho, horse hair; Mi, mite; MO, mold; ~a, oak; Ry, rye; ~~~~ ryegrass; pi, timothy; wa, 
waybread; Yo, Yorkshire fog. 

TABLE IB. Clinical data of patients with a 
non-IgE-mediated rhinopathy 

Symptoms No. 

A specific hyperreactivity of nasal mucosa 12 
Nose obstruction 12 
Allergy screening because of ear complaints 6 
Cyst in sinus maxillaris 1 
Recurrent sinusitis 2 

mine control was performed routinely with each SPT. Ac- 
cording to these criteria, 26 patients (13 female and 13 male 
patients, aged 19 to 44 years; mean age, 30 years) were 
classified as having an IgE-mediated rhinopathy (Table IA) 
and 33 patients (19 female and 14 male patients, aged 
17 to 80 years; mean age, 30 years) as having a non-IgE- 
mediated rhinopathy (Table IB). Serum levels of IgA, IgG, 
and IgM of all these patients were within the normal range, 
0.6 to 4.5 gm/L, 6.4 to 19.2 gm/L, and 0.4 to 3.6 gm/L, 
respectively. The results of symptom scoring for sneezing, 
itching in the nose, nose obstruction, and rhinorrhea for 
both groups of patients are illustrated in Fig. 1, and the 
results of allergy screening are presented in Table IA. The 

group of 26 healthy control individuals (12 female and 14 
male subjects, aged 19 to 38 years; mean age, 25 years) 
had no medical history of respiratory tract allergy and had 
not received any medication or had any symptoms of re- 
spiratory tract disease for at least 1 month before the col- 
lection of nasal secretion. 

Collection and analysis of nasal secretions 

Nasal secretions were collected for a period of about 1 
minute between 10 AM and 3 PM by aspiration from the 
nonstimulated middle meatus and the medial surface of the 
inferior turbinate (twice) of each nasal cavity with the as- 
piration system described previously.9 Briefly, nasal secre- 
tions were aspirated with an outside siliconized metal as- 
piration tube into a disposable collection tube. The aspi- 
ration tube was washed with 0.5 ml of phosphate-buffered 
saline (0.1 mol/L of phosphate and 0.15 mol/L of NaCl, 
pH 7.4), which was added to the sample. Samples were 
obtained between August 1989 and February 1990. The 
aspiration procedure was well tolerated by the patients. Sam- 
ple weights were determined from the weights of the col- 
lection tubes before and after sampling and the weights of 
added phosphate-buffered saline. The samples were cooled 
on ice immediately after collection, then homogenized on 
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TABLE II. Total protein, albumin, IgG, IgM, and slgA concentrations in nasal secretions of patients 
with an Igf-mediated rhinopathy, patients with a non-IgE-mediated rhinopathy, and healthy 
control subjects* 

Weight of secretion Total protein Albumin W 
(mg) (mg/g) (/-4/g) h-l~s) 

IgE-medi.ated rhinopathy (N = 26) 
Range 19-147 2.67-27.44 4-l 1236 6-1685 
Median 70 9.27 735 383 

Non-IgE--mediated rhinopathy (N = 33) 
Range 7-168 2.75-35.92 105-2869 1 l-4530 
Median 71 8.23 556 350 

Control subjects (N = 26) 
Range 11-176 3.35-35.71 309-4804 51-3358 
Median 46 10.7 1093 540 

Significance NS NS NSt NS 

NS, Nonsignificant among the three groups; ND, not defined because of nonparallel regression curves. 
*Differences among the three populations were determined with multiple regression methods. 

bM slgA 

k4~g) km 

1 S-342 337-6576 
66 1352 

20-335 132-4690 
43 1377 

14-447 310-1617 
66 640 

NS/ND NS 

TNonsignificant after weighted regression. 

a vortex mixer (Cenco Instrumenten BV, Breda, The Neth- 
erlands) for at least 2 minutes, and centrifuged at 120 g. 
The supemataut was collected and centrifuged at 1500 g to 
remove any cell debris. The final supernatant was stored at 
- 20” C until analysis. Cytospin preparations were prepared 
from the sediment of the first centrifugation step after re- 
suspension in the standard cell culture medium, RPM1 1640 
(Gibco Europa, Breda, The Netherlands), containing 1% 
bovine senlm albumin. Cytospin preparations were stained 
with May-Griinwald/Giemsa. Samples with more than an 
occasional erythrocyte in the cytospin preparation were 
excluded from the study, since this could indicate that 
the mucosa was damaged during sampling. Thus, 
samples from six patients and one control subject were ex- 
eluded 

Protein measurements 
Total protein, IgG, IgM, and sIgA concentrations were 

measured by standard methods. Briefly, total protein was 
determined by the bichinchonic acid method (Pierce Chem- 
ical Co., Rockford, Ill.). IgG concentrations were deter- 
mined by radial immunodiffusion on low concentration 
plates (LC-Partigen IgG, Behringwerke AG, Marburg, Ger- 
many). IgM was measured by ELISA.“’ Microtiter plates 
(Nunc GMB, Roskilde, Denmark) were coated with swine 
antihuman IgM Ab (Orion Diagnostics, Espoo, Finland). 
Bound Ig:M was detected with HRP-conjugated rabbit an- 
tihuman IgM (Dako P 215, Dakopatts, Copenhagen, Den- 
mark). sIgA was also measured by ELISA. The plates were 
coated with monoclonal antisecretory component Abs (pu- 
rified H 194-4.1, kindly donated by J. J. Haaijman and 
J. Radl, Rijswijk, The Netherlands). Bound sIgA was de- 
tected witth HRP-conjugated rabbit antihuman IgA (Dako 
P 2 16) to ,which unlabeled sheep antihuman sIgA (Red Cross 
Blood Trimsfusion Service, Amsterdam, The Netherlands) 
was added to reduce the slope of the standard curve and 
thus increase the detection range. Staining was performed 

with o-phenylenediamine dihydrochloride (Sigma Chemical 
Co., St. Louis, MO.). Albumin was measured by a com- 
petitive ELISA.” Plates were coated with albumin (Beh- 
ringwerke AG, OHRA 04105) and incubated with purified 
rabbit antihuman albumin (Dako P 001) that was prein- 
cubated with the samples. Binding of residual Ab was de- 
tected with HRP-conjugated swine antirabbit immunoglob- 
ulin (Dako P 217). IgE concentrations were determined with 
the IgE FAST test according to the manufacturers’ instruc- 
tions. 

Evaluation and statistics 
Concentrations were expressed in milligrams (for total 

protein) or micrograms (for albumin and immunoglobulins) 
per gram of secretion and relative to total protein in micro- 
grams per milligrams of protein. The values were plotted 
against the weights of the colledted secretions. Concentra- 
tions were compared between groups with multiple regres- 
sion analysis; p values < 0.05 were considered significant. 
The smaller sample weights were least reliable because of 
the multiple weighing procedure. Therefore, samples with 
a weight <15 mg were excluded from the statistics in which 
concentrations Per gram of secretion were evaluated. 

RESULTS 

The protein concentrations per gram of secretion 
are summarized in Table II. For each parameter in 
each group, an inverse relationship was found between 
protein concentrations per gram of secretion and the 
weight of the secretions, which is illustrated for total 
protein and sIgA in Fig. 2. For total protein, albumin, 
IgG, and Igh4, the regression curves for the control 
group fell between those for the group with IgE-me- 
diated rhinopathy (upper curve) and the group with 
non-IgE-mediated rhinopathy (lower curve). Only for 
sIgA was the regression curve for the latter between 
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FIG. 2. A, Total protein. B, Total slgA. Concentrations in nasal secretions from patients with an 
IgE-mediated rhinopathy, patients with a non-IgE-mediated rhinopathy, and from healthy con- 
trol subjects plotted against the weights of the secretions. 

a lower curve for the control group and a higher curve 
for the group with IgE-mediated rhinopathy. For IgG 
and total protein, no significant differences between 
the fitted regression curves (and thus between groups) 
were found. This finding implies that for each level 
of secretion weight, the IgG and total protein con- 
centrations are, on average, the same for each of the 
three groups. Initially, the regression curve for al- 
bumin in the group with IgE-mediated rhinopathy was 
significantly higher than curves for the other groups. 
However, this result could be totally ascribed to two 
samples of low weight with very high concentrations 
(secretion weights, 0.036 and 0.024 gm; albumin con- 
centrations, 5793 and 11236 p,g/gm). If weighted 
regression analysis was performed,” such that con- 
centrations with a higher secretion weight contributed 
more to the fitted curves than concentrations with a 
lower weight, no differences among the three groups 
were found. For the sIgA concentrations, the rela- 
tionship with the weights of the secretions differed 
significantly between groups. This relationship is 

weak for the control group, intermediate for the group 
with non-IgE-mediated rhinopathy, and strong for 
the group with IgE-mediated rhinopathy (Fig. 2, B). 
Because of the difference in dependency of sIgA con- 
centrations on the weight of the secretion, differences 
among the groups cannot be defined uniquely nor 
tested for significance. For IgM the relationship with 
the weight of the secretion was the same for the control 
group and the group with non-IgE-mediated rhi- 
nopathy, but differed significantly between the group 
with IgE-mediated rhinopathy and both other groups. 
The regression curve for the group with IgE-mediated 
rhinopathy cut the curves for the control group and 
the group with non-IgE-mediated rhinopathy at sam- 
ple weights of 0.07 and 0.12 gm, respectively. Thus, 
only the difference between the control group and the 
group with non-IgE-mediated rhinopathy could be 
tested and was found not significant (Table II). 

The sIgA, IgG, and IgM to total protein ratios were 
independent of the weights of the secretions, which 
is illustrated for sIgA (Fig. 3, B) . Comparisons among 
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FIG. 3. A, Albumin, and 6, slgA to total protein ratios in nasal secretions from patients with an 
IgE-mediated rhinopathy, patients with a non-IgE-mediated rhinopathy, and from healthy con- 
trol subjects plotted against the weights of the secretions. 

the three groups elicited the following results (Fig. 
4): for sIgA, the ratios differed significantly among 
groups (Table III); on average, the sIgA to protein 
ratio was highest for the group with IgE-mediated 
rhinopathy and lowest for the control group. For IgM, 
the ratios differed significantly only between the group 
with IgE-mediated rhinopathy and the group with non- 
IgE-mediated rhinopathy. For IgG, the ratios did not 
differ among groups. For the group with IgE-mediated 
rhinopathy, the albumin to protein ratio demonstrated 
a dependency on the weight of secretion (Fig. 3, A). 
This dependency remained significant, even after ig- 
noring the two aforementioned extreme values. Such 
a dependency was not found for the control group and 
the group with non-IgE-mediated rhinopathy, nor did 
the albumin to total protein ratios differ significantly 
between these two groups. In the group with IgE- 
mediated rhinopathy, 23.1% of the patients had de- 
tectable IgE in the diluted nasal secretions. In the 
group with non-IgE-mediated rhinopathy and the 
control group, detectable IgE was found in 6.1% and 

7.7% of the diluted nasal secretions, respectively. 
These percentages were not significantly different 
(p = 0.1, chi-square test). 

DISCUSStON 

The finding of higher nasal secretion protein con- 
centrations at lower sample weights is in agreement 
with the suggestion that variations in nasal secretion 
protein concentrations are due to changes in secretory 
activity.5, I3 Thus, in the case of nasal hypersecretion, 
lower protein concentrations are expected at higher 
sample weights. These data (Table II) demonstrate that 
the three groups have comparable nasal secretion 
weight ranges and do not differ significantly in total 
protein, albumin, and IgG concentrations in nasal se- 
cretions. This finding indicates that as far as differ- 
ences in nasal secretion protein concentrations occur 
between the groups of patients, differences are not 
caused by changes in secretory activity of the nasal 
mucosa or leakage of serum proteins. At lower se- 
cretion weights, both groups of patients had higher 
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FIG. 4. Albumin, IgG, IgM, and slgA levels in nasal secretions of patients with an IgE-mediated 
rhinopathy, patients with a non-IgE-mediated rhinopathy, and from healthy control subjects. 
Significance fp) is expressed to the distance between the fitted curves, *not significant; 
**p < 0.05; ***p < 0.0001; “not defined because of nonparallel regression curves (see 
Fig. 3, A). 

TABLE III. Concentrations of albumin, IgG, IgM, and slgA relative to total protein concentration in 
nasal secretions of patients with an IgE-mediated rhinopathy, patients with a non-IgE-mediated 
rhinopathy, and healthy control subjects 

Subjects 
Albumin 

(Wmd 
W km slgA 

(bw~mgl Wmd (iWmd 

Allergic (N = 26) 
Mean 46 8.0 180 
SD * 26 3.5 82 
Median 49 7.2 163 

Nonallergic (N = 33) 
Mean 89 49 6.1 144 
SD 61 31 3.0 74 
Median 75 47 5.8 131 

Control (N = 26)t 
Mean 112 52 7.2 79 
SD 56 29 3.8 32 
Median 108 49 7.3 77 

Significance of the differences between the ratios 
Controls vs allergic ND p = 0.57 p = 0.40 p < 0.0001 
Controls vs nonallergic p = 0.28 p = 0.81 p = 0.23 p -=c o.ooo1 
Allergic vs nonallergic ND p = 0.71 p < 0.05 p < 0.05 

p, Significance of the distance between the fitted curves; ND, not defined because of nonparallel regression curves. 
*Not defined because of dependency on tbe weight of secretion. 
tone of the control samples was only available for s&A measurement. 
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sIgA concentrations in nasal secretion than the control 
group (Fig. 2, B), which suggests an increased IgA 
synthesis in the nasal mucosa of the patients. 

Immunoglobulin to total protein ratios was inde- 
pendent on the weight of the secretions. Albumin to 
total protein ratios in the allergic patients, however, 
may depend on the weight of the secretions. The sIgA 
to protein ratios in both groups of patients were sig- 
nificantly higher than in the healthy control group 
( Figs. 3, B and 4). These data indicate that in patients , 
on average, more sIgA is produced in the nasal mu- 
cosa than in the control group, which is in agreement 
with previous studies on (adult) patients with AR and 
rhinitis vasomotorica.‘~ l4 However, in children with 
asthma and children with recurrent infections tof the 
upper respiratory tract,15, I6 an increase in nasal (s)IgA 
concentration was not found. In the group with IgE- 
mediated rhinopathy, the sIgA and IgM to total protein 
ratios were significantly higher than in the group with 
non-IgE-mediated rhinopathy. Together with IgM, 
sIgA has an important function in the first lme of 
defense in the respiratory mucosa.“, ” Our data (Fig. 
4) indicate that, especially in patients with an IgE- 
mediated rhinopathy, this “first line of defence” is 
stimulated. Apparently, this is not sufficient to prevent 
AR, despite the fact that (s)IgA can agglutinate an- 
tigens and inhibit antigen absorption.‘9 Histologic data 
suggest that, when IgA synthesis is impaired, for ex- 
ample, in patients with selective IgA deficiency, a 
compensatory secretory IgM response can occur.*’ 
Whether the observed relative increase in IgM secre- 
tion in the group with IgE-mediated rhinopathy is a 
compensation for a nonadequate sIgA response can 
not be excluded. Leakage through the mucosa, as sug- 
gested by Illlum and Balle,’ is not likely, as mentioned 
earlier. For IgE, evaluation of nasal secretion analysis 
is limited hecause most samples had an IgE concen- 
tration lower than the detection level (2 IU/ml), and 
the dilution factor differed between the samples. 

In conclusion, the present study has demon:strated 
that nasal sIgA production is higher in patients with 
rhinopathy than in healthy control subjects. In addi- 
tion, nasal secretion total protein, albumin, and im- 
munoglobulin concentrations are inversely related to 
the amounl: of secertion in the nasal cavity. Further- 
more, patients with an IgE-mediated rhinopathy have 
higher nas,al secretion sIgA and IgM to total protein 
ratios than patients with a non-IgE-mediated rhi- 
nopathy. Most likely, these differences reflect changes 
in local immune regulation. 

We thank Mrs. A. Kok-Verspuy and Mr. A. M. Snel for 
their skillful1 technical assistance. 
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