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INTRODUCTION

Allergic rhinitis (AR) is a chronic inflammatory disease 
causing aggravating symptoms in patients, like nasal ob-
struction, watery rhinorrhea, sneezing, and itching. The 
pathogenesis of allergic rhinitis is associated with immu-
noglobulin E (IgE)-mediated immune response encom-
passing the release of various mediators, cytokines, and 
chemokines in the airway.1) Several biomarkers for allergic 
rhinitis like histamine, tryptase, prostaglandin D2, mast 
cell-derived leukotrienes, eosinophil cationic protein (ECP), 
albumin, alpha2-macroglobulin, cytokines, and chemo-
kines [interleukin (IL)-1, 3, 5, 6, 8, RANTES, and macro-
phage inflammatory protein-1 (MIP-1)], and nasal nitric 

oxide (NO) have already been identified.2) The early and 
late phases of allergic response are marked by the presence 
of different mediators.

During the allergic reaction, inflammatory mediators 
promote nasal permeability by affecting the adhesion mol-
ecules of the nasal mucosa. Tryptase, a mast cell derived 
mediator, is increasingly present in nasal lavage fluid dur-
ing AR and its levels are restored after intranasal steroid 
therapy.3)4) Several interleukins are also associated with the 
pathogenesis of AR. Among them, T-helper 2 (Th2) cell 
derived cytokine, IL-5, is involved in the propagation and 
maintenance of late-phase AR. Previous studies have pro-
posed the role of IL-5 in AR, based on its secretion by the 
allergen-specific Th2 cells and also due to its elevated lev-
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els in nasal mucosal samples taken from AR patients.5-7) 
The levels of MIP-1β in nasal mucosal samples were also 
found to be elevated during the late phase of AR.6) Allergic 
diseases might be causing changes in the airway epitheli-
um, however, the precise mechanism behind these changes 
is not known. There was a study indicating an alteration in 
the epithelial and secretory functions of the airway epithe-
lium during an allergic reaction. In nasal fluid, the concen-
tration of albumin could indicate the level of epithelial per-
meability.8) Clara cell protein 16 (CC16), which is mainly 
produced by mucosal epithelial cells, has a protective role 
in airway inflammation, and it has been identified as a bio-
marker of upper and lower airway diseases.9)10)

Several diagnostic tools are used by clinicians for the di-
agnosis of allergic rhinitis, like the skin prick test (AST) or 
serum-specific IgE test.11) However, these diagnostic tools 
have several limitations. AST has a risk of side effects and 
the result may be influenced by medications.12) Serum-spe-
cific IgE test is convenient but it takes a long time to get the 
results which could be influenced by laboratory and tech-
nician factors.13)

Therefore, several biomarkers associated with AR have 
been explored to understand the underlying mechanism of 
the disease and also to assess their suitability as tools for di-
agnosis and monitoring of AR.2) Based on the results of pre-
vious studies, we selected AR biomarkers, namely albu-
min, ECP, IL-5, tryptase, MIP-1β, and CC16, and evaluated 
their efficacy for use as a tool for the diagnosis of AR. Pre-
vious studies on the identification of biomarkers of AR used 
samples derived from nasal mucosa biopsy, nasal brush, or 
nasal lavage fluid collection.2) Our team’s final purpose is 
to design a biosensor-based diagnostic tool using biomark-
ers from the nasal fluid. Depending on the patients, the cli-
nicians can collect the nasal fluid with or without saline la-
vage. This study aimed to find out if there was a difference 
in the concentration of biomarkers when the nasal fluid 
was collected using two different methods: direct collec-
tion and nasal lavage fluid. 

MATERIALS AND METHODS

Patient selection and study design
Patients with rhinorrhea symptoms, who tested positive 

in the allergy test were enrolled for this study. Patients, less 
than 18 years in age or those above 75 years were excluded 
from the study. Further, patients who were pregnant had any 

other sino-nasal disease or malignancy, and those suspect-
ed of cerebrospinal fluid (CSF) rhinorrhea were excluded. 
Thus, the AR patients included individuals who satisfied 
each of the following conditions: 1) having allergy symp-
toms such as nasal obstruction, watery rhinorrhea, itching 
sensation, and sneezing, and 2) positive for the allergy 
skin test (over 3+) and multiple allergen simultaneous test 
(MAST) (over 2+). All participants were required to self-
assess their total nasal symptoms score (TNSS) and record 
the results. The TNSS consisted of four major symptoms 
(sneezing, nasal obstruction, nasal itching, and watery na-
sal discharge). The degree of severity of each symptom 
was expressed using the following scores: 0=none; 1=mild; 
2=moderate; and 3=severe. The maximum total score was 
12 points.14)

This study was approved by Kyung Hee University Med-
ical Center Institutional Review Board before its initiation 
(IRB No. KHUH 2015-07-102). We received prior permis-
sion with written informed consent from all enrolled pa-
tients for their participation and the use of their samples in 
the study.

Nasal fluid sampling and enzyme-linked 
immunosorbent assay (ELISA)

Depends on the patients’ condition, we collected direct 
nasal fluid or nasal lavage fluid from all participants. The 
direct nasal fluid was collected using suction from both nos-
trils without saline lavage and the lavage fluid was collect-
ed after instilling 1mL, 0.9 % normal saline in both nostrils.15)

All the samples were collected to a volume of over 1 mL 
using Juhn Tym Tap (Xomed Products, Jacksonville, FL) 
and transferred to Eppendorf tubes, and stored at -70°C. 
The measurement of the levels of albumin, CC16, tryptase, 
IL-5, and MIP-1β in nasal fluid samples was done using 
human-ELISA kits (Cloud-Clone Corp, Katy, TX). The na-
sal fluid was added to the wells of a precoated 96-well plate 
followed by the addition of detection reagent A. The plate 
was then incubated for 1 hour at 37.8°C after which, the 
wells were washed and incubated with detection reagent 
B for 30 minutes at 37.8°C. After incubation, the wells were 
again washed and incubated with tetramethylbenzidine 
(TMB) substrate solution for 15 minutes at 37.8°C. The re-
action was stopped using the stop solution, and samples were 
evaluated by measuring the absorbance at 450 nm using a 
microplate reader. The assays were performed in triplicates.



Kim et al : Biomarkers of AR in Nasal Fluid 91

Statistical analysis
Parametric data were presented as mean values with stan-

dard deviation (SD). Non-parametric grouped data were 
presented as median values (interquartile range, IQR) and 
compared using the Mann-Whitney test. Statistical signifi-
cance was set at p<0.05. Statistical analysis of data was per-
formed with SPSS® v 20.0 statistical software (IBM Corpo-
ration, USA).

RESULTS

In this study, 45 AR patients (31 males and 14 females) 
were included. In total, 14 direct nasal fluid samples and 
31 nasal lavage fluid samples were collected from all par-
ticipants. The average age of the participants was 30.56±
11.5. The mean TNSS was 8.2±2.6, which showed moder-
ate to severe subjective AR symptoms. The most frequent-
ly reported symptoms in TNSS were watery rhinorrhea and 
sneezing. The mean scores were 2.13±0.75 and 2.2±0.75, 
respectively (Table 1). There was no significant difference 
in patients’ characteristics according to the methods of na-
sal fluid collection.

As shown in Table 2, we compared the levels of each pa-
rameter between direct nasal fluid samples and nasal la-
vage fluid samples in the AR group. The albumin, ECP, 
tryptase, IL-5, MIP-1β, and CC16 were detected from both 

directly collected nasal fluid and nasal lavage fluid sam-
ples. The median values of albumin, ECP, tryptase, IL-5, 
and MIP-1β were similar irrespective of the sample col-
lection method. The differences in median values of indi-
vidual biomarkers were not statistically significant when 
the directly collected samples and nasal lavage samples 
were compared (p=0.08, 0.52, 0.27, 0.47, 0.51, and 0.08, 
respectively).

DISCUSSION

Biomarkers of allergic rhinitis have been studied over 
the years. However, the use of biomarkers as diagnostic 
tools is still not very popular due to the difficulties involved 
in procuring samples for the detection of biomarkers. Most 
of the studies about AR related biomarkers involve the use 
of nasal lavage method, nasal mucosa biopsy, or nasal brush-
ing method. However, for using a biomarker obtained from 
the nasal fluid as a diagnostic tool, the method of collecting 
a sample must be non-invasive to increase its availability. 
Therefore, in this study, we attempted to determine wheth-
er there is a difference in the concentration of biomarker 
between samples obtained by directly collecting nasal fluid 
and nasal lavage fluid samples obtained using a non-inva-
sive method. As shown in the results, we could get sufficient 
amounts of biomarkers from all samples regardless of the 

Table 1. Demographics of participants

Total (n=45) Direct nasal fluid (n=14) Nasal lavage fluid (n=31) p-value

Gender (male:female) 31:14 11:3 20:11 0.49
Total serum IgE* (IU/mL) 329.2±624.5    582±876.3 237.6±484.5 0.27
TNSS* 8.2±2.6 8.5±2.1 8.3±2.7 0.92

Watery rhinorrhea* 2.13±0.75 2.4±0.6 2.1±0.7 0.6
Nasal obstruction* 1.96±1.04 2.1±0.9 1.75±1.15 0.9
Sneezing*   2.2±0.75 2.1±0.8 2.3±0.6 0.3
Nasal itching sensation*   2.0±0.90 1.9±0.8 2.1±0.8 0.5

*: Data presented as mean values with standard variation. AR: Allergic rhinitis, IgE: Immunoglobulin E, TNSS: total nasal symptom 
score

Table 2. Comparison of the concentration of biomarkers between direct collected nasal fluid and nasal lavage fluid in AR patients

Parameters Direct nasal fluid (n=14) Nasal lavage fluid (n=31) p-value

Albumin (pg/mL) 2125.1 (630.5-6244.2) 1896.0 (1315.8-2817.1) 0.12
ECP (pg/mL) 3909.3 (-7296-73947) 3649.5 (2768-6195.1) 0.52
Tryptase (pg/mL) 1282.2 (-56.7-3474) 443.5 (389.8-940.9) 0.27
IL-5 (pg/mL) 41.0 (-2.5-131.3) 23.2 (25.5-72.1) 0.47
MIP-1beta (pg/mL) 418.4 (-68.4-14216) 88.6 (62.5-462.8) 0.51
CC16 (ng/mL) 557.7 (413.7-785.4) 812.1 (600.2-943.7) 0.08
Concentrations are expressed as median with interquartile range. AR: allergic rhinitis, ECP: eosinophil cationic protein, IL-5: Interleu-
kin 5, MIP-1β: Macrophage inflammatory protein-1β, CC16: Clara cell protein 
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methods of sample collection. Also, there was no statistical-
ly significant difference in the concentration of biomarkers 
based on the collection method. 

In this study, patients whose nasal fluid was collected by 
direct method showed severe watery rhinorrhea, although 
the mean score was not statistically significant. Also, the 
total score of TNSS was not significantly different between 
the two groups. However, the choice of the method of col-
lecting nasal fluid could be influenced by the patients’ dom-
inant symptom. 

Until this study, it was presumed that the saline lavage 
would result in a sample of lower concentration compared 
to the directly collected nasal fluid due to the presence of 
saline as a diluent. When using a nasal fluid as a biosensor, 
the method of collecting nasal fluid should be standardized. 
However, as shown in Table 2, there was no statistically sig-
nificant difference in the median values of biomarkers be-
tween the directly acquired nasal fluid and the sample ob-
tained after lavage. The result of the test could be influenced 
by which types of samples were used for diagnosis. Since 
there have been no studies on the development of an AR di-
agnostic kit using nasal fluid, there is no available informa-
tion regarding the effects of the sample collection method 
on the diagnosis. However, there were some reports on the 
effects of sample differences on the diagnosis of other dis-
eases and the study of microbiomes. For example, sputum 
is an important sample for the diagnosis of tuberculosis, and 
there are several methods of collecting sputum samples 
such as pooled sputum, spot sputum, and sputum collected 
in the early morning.16) There have been several studies in-
vestigating the appropriate method of sample collection 
for the diagnosis of tuberculosis including a meta-analysis 
study that described the proper method for sputum collec-
tion.16) Further, in the study of microbiomes, there are two 
commonly used methods of collecting feces which are rub-
bing tip and scooping into a sterile tube.17) Research into mi-
crobiomes is still ongoing, and further research on differ-
ences in sample acquisition methods is needed. This topic 
requires further deliberation and hence, more studies as the 
method of sample collection may affect the quality of sam-
ples and eventually, the accuracy of the diagnosis. 

Recently, there was a study that investigated interseason-
al differences of biomarkers from nasal fluid between non-
allergic subjects and seasonal AR patients. The study con-
cluded that the nasal level of IL-8, IL-33, birch-specific 
IgG4, and IgE showed a significant correlation with symp-

tom severity.18) Our study included only 2 patients who were 
seasonal AR, so that, we think that the nasal samples from 
the patients might not influence the results of this study. 
However, in the next experiment, we need to concern about 
which antigens cause allergic symptoms.

There are several limitations to this study. First, the sam-
ple size was small and the number of samples in each group 
was different. Second, the direct and lavage nasal fluid sam-
ples were not collected from the same patients. Third, we 
could not get samples from control subjects because it was 
difficult to get enough amounts of nasal fluid samples from 
control subjects. However, if patients have a rhinorrhea symp-
tom mainly, we could get the nasal sample without any ad-
ditional procedure. However, we believe that our paper out-
weighs its limitations due to the fact that, to the best of our 
knowledge, this is the first trial to investigate whether a dif-
ference in the sample collection method affects the function 
and in turn the accuracy of an allergic rhinitis diagnostic 
tool. There are advantages and disadvantages to these two 
methods. During nasal lavage, some patients may feel dis-
comfort while injecting normal saline into the nasal cavity, 
but a sufficient sample can be taken with a patient’s nasal 
lavage. On the other hand, it may be difficult to collect a suf-
ficient sample by directly collecting nasal fluid unless the 
patient has a runny nose at the time of collection.

In this study, we identified adequate concentrations of al-
bumin, tryptase, ECP, IL-5, MIP-1β, and CC16 from direct 
nasal fluid and lavage nasal fluid. Further, depending on 
the method of sample collection, there was no significant 
difference in the level of each biomarker. Therefore, both 
methods of collecting nasal fluid could be used in future 
research and diagnostic tools. Although this study has sev-
eral limitations, we considered that this trial could be the 
first step to identify suitable biomarkers for a biosensor-
based diagnostic tool of AR. In the future, we plan to com-
pare the concentration of biomarkers between patients and 
healthy individuals where the latter will serve as the control 
group. Also, we need more studies to compare the level of 
biomarkers getting each method from the same patients for 
reinforcing this study results.
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