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Purpose of review

The identification of immunological markers in nasal secretions and tears is becoming essential in the study
of allergic diseases. The collection procedure of nasal and ocular secretions directly influences the results,
thus it is of paramount importance to validate and standardize the sampling process.

Recent findings

Current techniques for nasal secretions sampling are mainly based on three principles: collection of
spontaneous secretions, nasal washings, and absorption. Collection of spontaneous secretions is
appropriate in subjects with nasal hypersecretion, whereas in healthy individuals the collected volume is
frequently insufficient. Nasal washings are associated with an unpredictable, high dilution and
concentrations of markers often fall below detection limits of immunological assays. Absorption seem to
provide the best compromise between sufficient sample amounts and detectability of inflammatory
mediators and immunoglobulin E. Tear samples can be obtained by glass capillary tubes, filter paper strips
and ophthalmic sponges. Volumes are however small or highly diluted through reflex tearing.

Summary

Secretions reflect the local inflammatory activity and provide valuable information about the immunological
reaction to allergens at the target organ. There is increasing evidence of the potential clinical role of their
analysis, for diagnosis, and monitoring of allergic rhino-conjunctivitis. Appropriate collection and
processing is very important and requires special attention.
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The analysis of human secretions, such as nasal fluid
and tears, provide valuable information on patho-
physiological aspects of allergic diseases [1-3]. There
is increasing evidence of its potential role in allergol-
ogy diagnostics [4,5] and in immunotherapy moni-
toring [6,7]. However, testing nasal fluids (and tears)
still remains a research domain and is neither
included in practice guidelines nor common in clini-
cal practice. Major concerns are the inconsistent data
on biomarker concentrations as their low concentra-
tion in secretions [8]. Several techniques have been
described for the collection of nasal secretions and
tears. Standardization is needed, because the sam-
pling method has an important influence on the
results obtained [9]. The present review aims to get
an overview on the most common methods of nasal
secretions and tears sampling and on testing of their
content in immunoglobulin E (IgE) and other medi-
ators. Advantages and limitations in their use for the
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diagnosis of allergic rhinitis and conjunctivitis will
be considered.

Nasal secretions derive from four major sources:
seromucous submucosal glands, globet cells, trans-
epithelial transport of ion and water, and plasma
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Rhinitis, sinusitis and upper airway disease

KEY POINTS

e Analysis of nasal secretions and tears is valuable for
research quests, diagnostic, and therapy monitoring of
allergic diseases.

e Appropriate collection and processing of secretions is
important because of its influence on the results, but
there is still no standard method.

e Collection of nasal secretions with absorptive devices
seems to offer the best compromise between sample
volume and IgE levels.

e Aspiration of tears by glass capillary tube requires time
and may be uncomfortable for patients, but with
precise handling is so far the best method to avoid
tear reflex.

transudate [10]. Their volume is augmented by fluid
from the lacrimal glands through the nasolacrimal
duct and condensed water at the mucosal surface
during expiration [11]. The mucus blanket laying on
the respiratory epithelium exists as a bilayer fluid,
with a surface gel phase and an aqueous periciliary
sol layer [12]. It contains 95% water, 2% mucin, 1%
electrolytes, 1% lipids, 1% of other proteins, such as
albumin, immunoglobulins, lysozyme, kallikrein,
and lactoferrin [13]. Albumin represents about
15% of total protein in resting secretions, suggesting
that transudation occurs under normal conditions
[14]. Albumin secretion increases under inflamma-
tory condition, reflecting increased vascular perme-
ability [15]. The mucus glycoproteins, secreted
principally from submucosal glands, give the mucus
its characteristic viscoelastic properties [16]. Critical
functions of human respiratory secretions are pro-
tection of the mucosa and essential host-defence,
mainly through proteins secreted by serous cells in
the submucosal glands [12].

Allergic Rhinitis is a very common IgE-mediated
inflammatory disease caused by mucosal exposure
to inhalant allergens [17]. The interaction of the
inhaled allergen with the mastcell-bound IgE initi-
ate a cascade of biochemical reactions, cellular acti-
vation, and recruitment of inflammatory mediators
responsible for end organ response such as watery
rhinorrhea [18]. Other characteristic symptoms
include sneezing, nasal congestion, and itching
[19]. The exploration of inflammatory cells and
mediators in nasal secretions helps the understand-
ing and monitoring of mucosal activity [20]. Specific
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secretory proteins and cellular activation markers
may be used to measure the presence of inflamma-
tory cells and their activity [21]. Eosinophil cationic
protein (ECP) is a well standardized marker protein
for the activity of eosinophilic nasal mucosal
inflammation [22,23]. Myeloperoxydase (MPO)
and Elastase has been used in many studies to reflect
neutrophil activation [24]. Mast cell activity is
marked notably by histamine, and by the more
mast-cell-specific tryptase [25]. Cytokines play a
dominant role in the pathophysiology of nasal dis-
eases and can be determined in nasal secretions [26].

Ig are the principle-specific mediators of host-
defence in nasal secretions [12]. Immunoglobulin A
(IgA) is the predominant immunoglobulin present
on nasal mucosal surfaces, in which it acts as an
active barrier against inhaled antigens and patho-
gens [27]. Secretory IgA (sIgA) is produced by plasma
cells locally in the nasal mucosa and can be used as a
marker of glandular secretions [28]. It takes part in
the mucosal immunity of target organs of allergic
diseases, such as the nasal airways [29]. Immuno-
globulin G (IgG) is another major nasal protein that
mediates specific antimicrobial functions [30]. It
increases in secretions as a consequence of increased
vascular permeability [30]. Different subclasses
(IgG1-1gG4) have different roles in relation to the
antigen [31]. IgG4 is associated with tolerance to
aeroallergens, and is used as parameter of allergen
immunotherapy monitoring [32].

It is of great interest to measure IgE, key effector
element in the allergic reaction, at the mucosal level.
Local IgE production in nasal mucosa has been inves-
tigated with the analysis of nasal secretions since early
years [33]. It was suggested that systemic IgE levels
resulted from a surplus of the IgE produced locally in
the nasal mucosa [34]. Evidence has been proved that
the nasal mucosa is an active site for local somatic
hypermutation, clonal expansion, and class switch
recombination, crucial steps for the maturation of a
B-cell into an IgE-secreting plasma-cell [35-38].
Measurements of local IgE may show high levels
independently of serum IgE levels and atopic status
[39]. Increased attention to the concept of a form of
allergic rhinitis with local (nasal) but not systemic
evidence of IgE sensitization [40-42] has raised the
debate about the need of a new diagnostic algorithm,
with a major role of antigen-specific IgE (sIgE) detec-
tion in nasal secretions [5,43,44]. IgE plays an impor-
tant role also in other nasal diseases: increased levels
of the antibody have been found in nasal polyposis
[45,46]. The role of IgE detection in nasal secretions
is gaining importance, thus it is still challenging
because IgE is the least abundant Ig isotype, present
at low concentrations in human fluids, in nanogram
range [47]. Furthermore, several techniques are
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Table 1. Common techniques for nasal secretions
sampling

Spontaneous secretions
Nose blowing
Aspiration

Nasal washings
Spray
Irrigation
Pool

Absorption
Cotton wool
Filter paper
Rubber foam

Cellulose sponges: sinus packs, filter discs

currently used for the collection of nasal secretions
but there is no standardized method [9].

Current sampling techniques are quite heteroge-
neous and they are mainly based on the following
principles: collection of spontaneous secretions,
nasal washings and the use of different absorption
devices (Table 1). They all reflect different compro-
mises between the need to obtain a sufficient sample
volume and the desire to avoid artefacts of the
procedure [8]. The sampling method has an impor-
tant impact on the level of any substance detected in
nasal secretions [9]. The comparison of the out-
comes of different studies is thus difficult.

Spontaneous secretions

The amount of spontaneously secreted nasal fluid is
often insufficient in healthy individuals under nor-
mal conditions [8]. On the contrary, patients with
nasal mucosa diseases frequently present nasal
hypersecretion and rhinorrhea. In this case, sponta-
neous secretion are a specimen simple to collect and
offering valid results [23].

Nose blowing

Blowing the nose is a simple way to collect nasal
secretions and can be performed with a plastic or an
aluminum handkerchief in which each nostril
should be blown separately. With the help of a
Pasteur pipette the fluid can be recovered and trans-
ferred into an Eppendorf tube containing a fixed
amount of buffer for dilution. Arguments for this
method might be that it is quick and easy to
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perform, it allows a fixed dilution, and it does not
irritate the mucosa. However, the quantities of nasal
fluid obtained is very variable, and insufficient sam-
ple size for analysis is often observed, especially in
healthy individuals [8].

Aspiration
Aspiration techniques were designed to optimize the
collection of spontaneous secreted nasal fluid. The
microsuction device is a quick method with minimal
irritation of the mucosa [48]. The direct aspiration
system consists in an outside siliconized metal aspi-
ration tube connected through a metal cap on one
side to a tube linked to a vacuum pump and on the
other to adisposable collection tube for the secretions
[48]. Phosphate buffered saline (PBS) is added to the
collected sample after aspiration. Though, the
method is limited when too little secretion is present
in the nasal cavity [48]. Another major concernis that
the dilution factor may differ between the samples
and it may be limited for IgE evaluation whose con-
centration is often under the detection level [49].
Technologic advances in laboratory analysis with
the development of highly sensitive immunological
assays have partly limited the problem [50,51].
Recently, the aspiration properties of a device
originally designed for the collection of middle ear
effusion in otitis media, were used to obtain nasal
secretions [52]. Nasal secretions were obtained easily
and safely, and the characteristic of the aspirator,
with its thin tip and the rapid preparation, makes it
applicable to daily clinical practice and also to chil-
dren [52]. With this sampling method, sIgE to Japa-
nese Cedar Pollen was detected in nasal secretions
with an immunoassay in most of the symptomatic
subjects and in more than half asymptomatic but
sensitized patients [52].

Nasal washing

The most commonly dilution technique applied is
nasal washings. In literature, different variations of
nasal lavages has been described, with differences in
terms of application, instilled volume, and recollec-
tion device. This method overcomes the problem of
sample volume, always providing a large quantity of
fluid. Major concern of those techniques is the
unknown dilution factor of the secretions by the
washing fluid [53]. Partly it is because of the fact that
unpredictable fractions of the washing solution may
be swallowed, absorbed, or get lost. That results in
great variability of the analyte concentrations,
which often fall below the lower detection limit
of the assays, resulting in high numbers of missing
values [26,54].
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Nasal irrigation

In the classical nasal lavage, an irrigation fluid
(about 10ml of buffer saline) is applied into the
nose and the solution, mixed with a sample of
epithelial lining fluid, is recovered by allowing it
to run from the nasal cavity into a Petri dish [34].
Alternatively, a catheter can be inserted in the nose
to recover the fluid [14,55]. This method seems to be
not the most appropriate to detect IgE in nasal
secretions, that is the immunoglobulin isotype pres-
ent at lowest concentrations in humans. The high
dilution factor of nasal irrigation may explain the
very low nasal secretions concentrations of IgE and
IgE binding activity for grass pollen described with
this methodology in patients with seasonal allergic
rhinitis [34].

Nasal spray

A spray pump or a syringe can be used to deliver
small portions of isotonic or hypertonic sodium
chloride. This method allows to keep the volume
of washing fluid considerably smaller. The volume
instilled with the dispenser in each nostril ranges in
different studies from 1 to Sml NaCl 0.9-1.8%
[56,57]. The patient has to sit with his head
extended 45° from the horizontal during instillation
and keep the position. The diluted mucus is recol-
lected into a vessel after a prefixed time of incuba-
tion. This method produced secretions with levels of
IgE high enough to be detected in standard immu-
nological assays [4,44,56].

Nasal pool

Nasal pool is a variation of the ‘classical’ nasal
washing [58,59]. The ‘nasal pool’ device is a soft
plastic container with a nasal adapter. The adapter
exists in different sizes and is also applicable for
children. By gently compressing the device, 10 ml
of saline are instilled in each nostril of the subject
sitting in a flexed neck position. Challenge — agents,
in form of standardized be added to the lavage fluid
if a concomitant mucosal provocation is wished.
The washing fluid is maintained in contact with
the mucosal surface of the nasal cavity for up to
15-20 min in adults. When the pressure is released,
the fluid returns into the container. The technique is
atraumatic, requires little cooperation from the
patient and is easy to handle [60]. When compared
to the nasal spray method [57], this modified
method gave more reproducible ECP measurement
in patients with rhinitis [61] and a higher total
number of inflammatory cells in both normal indi-
viduals and patients with rhinitis [61]. This may be
because of the higher exposure time and the larger
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volume instilled by the nasal pool method, suggest-
ing that these two factors are relevant for the results.
A limitation of the technique is again the unknown,
high dilution factor, that may reduce the concen-
trations of sIgE antibodies in the collected nasal
fluids below the detection limits of the standard
tests [40].

The dilution factor issue

The unknown dilution factor is the main problem of
the lavage techniques and should be always mea-
sured. Plasma albumin passes freely into extravas-
cular spaces and is passively ultra-filtered into nasal
secretions [18]. Therefore, albumin was described as
a valuable ‘endogenous’ marker of dilution of nasal
secretions [62]. The relative concentration of any
analyte can be referred to albumin concentration
and expressed as an index [62]. However, the use of
the ratio analyte-to-albumin only allows relative but
not absolute comparisons [62]. The levels of total
protein are also used to correct for the unknown
dilution and allow comparison of levels of substan-
ces between individuals [48,49,53,63]. To calculate
the actual concentration of a substance ‘exogenous’
markers may be more effective. Among other
markers, inulin [55] and lithium chloride [64] have
been tested. These substances, not physiologically
present in nasal secretions, are added in fixed con-
centrations to the washing solution, and then
detected in the recovered lavage fluid to calculate
the dilution factor. The most promising marker
seems to be lithium chloride, outperforming inulin
and other substances because of its harmless, easy,
and low-cost application [64]. However, the appli-
cation of markers to determine the dilution factor
increases the complexity of the procedure and no
standard marker has yet been set [8].

Absorption

The use of a sampler with absorptive proprieties
placed within the nasal cavity is another concept
of nasal secretion collection. Different materials
have been tested for this purpose: cotton [65], filter
paper [33], rubber foam [26,66], and cellular sponges
of different sizes and forms [54,67]. Absorption
method is based on capillary suction, recovering
mainly the aqueous sol phase of the bilayer fluid
on the nasal mucosa [8]. Absorbent materials are
inserted in both nasal cavities on the floor between
the septum and inferior turbinate and left in place
for 5-10 min (Fig. 1) [54]. After removal, rapid seal-
ing and centrifugation is needed to extract the
absorbed fluid and avoid drying [8]. Sufficient
amounts of undiluted nasal secretions have been
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FIGURE 1. Insertion of sinus pack in the nasal cavity.

demonstrated with cotton wool samplers [8] and
rubber-foam samplers [26] with no need of PBS
addition. Processing the fluid collected with cellular
sponges, such as sinus packs and filter disks, require
a small amount of physiologic solution to mobilize
the nasal secretions out of the absorbent material
[54]. This procedure can be performed with fixed
dilution or with fixed volume [68%]. The latter
requires the calculation of dilution factor to correct
the concentrations measured [54].

When compared to other sampling methods,
absorption demonstrated a superior detectability
and reproducibility for analyzing local inflamma-
tory mediators [8,26,66,69]. The procedure requires
minimum cooperation from the patient [26].
Another argument for the method is the possibility
of a clear differentiation between nasal sides [54].
However, the sponge may cause little irritation of
the mucosa and possibly produce artefacts [54].
Sponges of bigger size, like sinus packs and rub-
ber-foam samplers, guarantee sufficient amount of
absorbed secretions but may not be applicable in
case of severe nasal polyposis and anterior septal
deviation [66]. In these cases, filter paper strips are
more suitable, thought the volume collected with
this material is often insufficient because of contact
with a limited area of the nasal mucosa [66]. Patients
should be allowed to freely breath through the nose
during sampling time. However, the nasal air flow is
hindered by most of the absorbent samplers [66].
Inserting a plastic tube in the center of the RFS could
improve both air flowing and sampler handling [66].

DETECTION OF IMMUNOGLOBULIN E IN
SITU: NASAL TEST

To overcome the main problems of nasal secretions
sampling, some authors have developed an alternative
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method in which the test device is put in direct contact
with the nasal mucosa, the ‘Nasal Test’ [70]. In this
procedure, the solid phase coupled with allergens is
placed directly on nasal mucosa behind the internal
ostium and kept in place for 5 min [70]. Allergen-IgE
antibody incubation is so performed in situ, in the
same conditions in which IgE-mediated reaction takes
place [70]. Compared to the 3h incubation time
needed in collected nasal secretions to reach the max-
imum value, the Nasal Test is described as a time
saving procedure in which the maximum value is
reached within 5 min incubation [70]. Good sensitiv-
ity, specificity, and reproducibility of the method are
reported [70,71]. The Nasal Test seems to be suitable
and well accepted even by children [70,71]. However,
there are also limitations to be considered: only few
studies has been performed with this method [70,71].
Furthermore, the allergens come into contact with the
mucosa of the patient. The Nasal Test is therefore at
the same time a provocation test and might provoke a
reaction. The safety of the procedure has thus to be
carefully investigated.

An overview of the principal advantages and
disadvantages of each method for nasal secretions
collection is shown in Table 2.

IMMUNOLOGICAL ASSAYS FOR
ANTIBODY DETECTION

The most common immunological detection assays
for biomarkers in serum can detect analytes also in
nasal secretions [56,72,73]. However, they require
large volumes and the detection level is not always
sensitive enough for molecules present at low con-
centration such as IgE [68"]. Recently, our group
pioneered the use of microarray biochips for mea-
surement of sIgE against a large number of different
allergen molecules [68"]. The results validated the
allergen microarray chip as a high sensitive and
specific detection assay for sIgE in nasal secretions.
It combines the advantages of being a multiplex test
requiring relative little sample volumes [687].

TEARS IN PATIENTS WITH OCULAR
ALLERGY

Ocular and nasal symptoms commonly occur in
combination in IgE-mediated response to allergens,
in form of an allergic rhino-conjunctivitis [74].
Allergic conjunctivitis also exists as an independent
symptom complex, characterized by ocular itching,
hyperemia, and lacrimation, with similar but dis-
tinct pathophysiological characteristics to allergic
rhinitis [75]. The detection of tears specific immu-
nologic and inflammatory markers may provide
additional information about local allergic processes
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Table 2. Comparison of different techniques for nasal secretions collection

Method

Advantage

Disadvantage

Nose blowing [8,23]

Aspiration [48,49]

Nasal washing [14,26,34,53-59]

Absorption devices [8,26,54,65-67,68"]

Quick

Easy to perform
Nonirritative

Fixed Dilution

Quick

Easy to perform
Nonirritative

Easy to perform
Large quantity of fluid

No/limited dilution of mediators

Often insufficient sample
Subject-cooperation is needed

Often insufficient sample
Technically difficult

Dilution of mediators and cytokines
Variable recovery of fluid
Subject-cooperation is needed

May irritate the nose

Best results in literature

Nasal Test [70,71]
Time-saving

Collection and incubation in one step

At times insufficient sample
Non applicable if: nasal polyposis,
septal deviation

Not many data available

Allergic reaction may occur

and be useful for the diagnosis or monitoring of
allergic conjunctivitis [76-78].

IgE sensitization in patients with allergic dis-
eases may be limited at a local, conjunctival level
[76]. Measurement of total and allergen-sIgE in tear
fluid can help to diagnose IgE-mediated allergic
conjunctivitis also in the absence of systemic sensi-
tization [76].

TEAR COLLECTION

Different methods and techniques allow to sample
tears from the ocular surface: the microcapillary tube
method [79,80%] and the use of filter paper [81-83] or
ophthalmic sponges [84] are the most common
(Table 3). The sampling procedures are uncompli-
cated and do not need local anesthesia, but the

Table 3. Comparison of different techniques for tears
collection

Method Advantage Disadvantage

Schrimer test Quick
strips [81-83] Easy to perform
Suitable for
clinical routine

Reflex tearing
Strong irritation

Microcapillary Large volume Technically difficult
tube [3,79,80%]  Rare reflex tearing Time-consuming
if precise handling Inappropriate for
children or anxious
patients

Opthalmic Quick
sponges [84,85] Easy to perform
Standard volume
Good acceptance

Reflex tearing
Problematic mediators-
extraction

6 www.co-allergy.com

recovered volumes are small or highly diluted trough
tear reflex provoked by touching the conjunctiva
[85]. Reflex tears and basal tears are different in
composition [86]. Obtaining reproducible and unal-
tered samples with the minimum discomfort of the
patient is thus a challenge. The ideal collection tech-
nique should be well tolerated, minimal invasive,
quick, and easy to handle, and guarantee good extrac-
tion and detection of biomarkers with the current
used immunological assays.

Microcapillary tube method

Aspiration of ocular fluid by glass capillary tubes or
pipettes is performed from the external canthus of
the eye (Fig. 2). Widely used and validated in

FIGURE 2. Sampling tear fluid with capillary tube.
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literature, it is considered to be the best method for
avoiding reflex tearing [3]. However, handling needs
experience and precision and is time-consuming
[84]. Therefore, it is not always practicable in field
studies or clinical routine, especially if pediatric
populations are involved [84]. Furthermore, it
may result an inappropriate method for anxious
or uncooperative patients [84].

Schirmer’s test strips

Filter paper strips commonly used for the Schirm-
er’s test in the diagnosis of dry eye are an easy and
quick method for tears collection, suitable also in
clinical routine. The paper strip is placed in the
lower fornix of each eye and left in place until it
has been wetted to the control line [81]. However,
the strip may cause strong irritation and tear
reflex often occurs causing unwanted dilution of
analytes [3].

Ophthalmic sponges

Tear fluid can be alternatively collected from the
external canthus of the eye by ophthalmic
sponges, which seem to be well tolerated by
patients [85]. Another advantage is that sponges
allow standardization of the collected tear volume
[84]. Sponges of different materials and various
extraction buffers were combined and tested in
order to optimize the tear collection method and
overcome the most common limitations, making it
however difficult to compare the results [84,85,87].
Another major concern is that some cytokines bind
tightly to the sponges causing difficulties during
the extraction procedure [84,88]. Tear reflection
may occur also with this method, causing
unwanted dilution [85].

Appropriate collection and processing of nasal and
ocular secretions is necessary to obtain valid and
comparable results allowing an accurate evalua-
tion of allergic diseases at local level. An ideal
sampling method should allow to obtain a suffi-
cient sample volume without need of high dilu-
tion, be easy to handle and suitable for clinical
routine, require minimal cooperation from the
subject, be not too invasive and not irritate or
traumatize the target organ, have a high detect-
ability with common detection assays, be repro-
ducible, and keep the artefacts at the minimum.
For nasal secretions, absorption methods seems to
be up to date advantageous, giving the best results
in terms of detectability and reproducibility in

1528-4050 Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

the analysis of immunoglobulins and local inflam-
matory mediators [8,26,66,69]. Collecting tears
with microcapillary tube method is still consid-
ered the best method to obtain reproducible and
unaltered samples [3].
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