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Abstract

Background—Collection of biologic samples from the nasal cavity and paranasal sinuses is of 

critical importance to the study of infectious or inflammatory conditions that affect both upper and 

lower airways. Numerous techniques for the study of ex-vivo samples exist, with specific 

applications, strengths, and weaknesses associated with each of them. In this compendium we 

summarize the available methods for collection of primary human samples and incorporate expert 

discussion of the pros, cons, and applications associated with each technique.

Methods—An expert panel containing members of the American Rhinologic Society’s Research 

and Grants Commiee compiled this educational reference. Rationale for use and the potential 
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advantages and disadvantages are discussed. Research protocols and key references are 

enumerated.

Results—Sampling of the nasal cavity and paranasal sinuses can be achieved through a number 

of methods. Nonspecific sinonasal secretions may be collected via forced exhalation, nasal lavage, 

and nasal spray aspiration. Targeted collection of sinonasal secretions may be achieved via 

endoscopic placement of absorbent matrices. Nasal cytology or collection of superficial epithelium 

may be completed via brushing or scraping of endonasal structures. Collection of mucosal 

biopsies may be completed via sinonasal explant or full-thickness biopsy.

Conclusion—Multiple sampling techniques are available to collect biologic samples from the 

sinonasal cavity. These techniques differ in their ease of application, reproducibility, sample yield, 

and utility for different sinonasal pathologies or research goals. An appreciation of the benefits and 

drawbacks of each approach will allow investigators to select the techniques most appropriate for 

achieving research objectives.
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The fields of rhinology and allergy have seen an explosion in the quantity and quality of 

research in recent years.1 It is increasingly common for studies to combine objective clinical 

data or basic science findings with in-vitro experiments using biologic samples obtained 

from the nasal cavity and paranasal sinuses. Such experiments are of critical importance in 

the study of inflammatory, infectious, and allergic conditions affecting the sinonasal cavity, 

and may also provide quantitative metrics to assess treatment response. Furthermore, such 

studies may help elucidate the mechanisms underlying lower airway pathology, and, with 

growing acceptance of the unified airway theory, biologic samples from the nasal cavity are 

now frequently used as proxy tissues for the study of lower airway disease given their 

relative ease of procurement.2,3

Numerous techniques have been devised for the sampling and collection of nasal secretions, 

cells, and whole tissue in an effort to objectively characterize the sinonasal milieu. These 

differ significantly in their ease of use, reproducibility, and applicability to different 

sinonasal pathologies or research objectives. In this work we discuss some commonly 

accepted techniques, while addressing proper protocols, applications, and potential 

advantages and disadvantages of each method. Although this investigation is not meant to be 

a comprehensive review of all methods nor a systematic comparison of sampling techniques, 

we hope it will serve as a valuable reference for those considering studies using human 

sinonasal biologic samples. Cited protocols can be found in the Appendix, with a summary 

of the advantages and disadvantages of various techniques compiled in Table 1, with 

possible indications of each listed in Table 2, and a demonstration of select techniques in 

Figure 1.
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Techniques for collection of nasal secretions

Nasal secretions may contain several biomarkers of 

interest.Mucusservesanumberofcriticalfunctionsintheupper airway, including roles in airway 

filtration, olfaction, and as a key component of the host defense system. In addition, barrier 

dysfunction occurring in chronic inflammatory states may allow for representation of 

stromal molecular or cellular components to translocate to the airway surface liquid.4 Nasal 

mucus contains ions and proteins in an aqueous base, and is composed of 2 distinct layers–

the apical mucus layer, which traps inhaled particulate matter and pathogens, and the basal 

periciliary layer, which acts as a lubricant for ciliary beating.5 The ion concentration in 

mucus is variable with a sodium concentration ranging from 102 to 150 mEq/L, and a 

chloride concentration of 41 to 46 mEq/L.6 The active absorption and secretions of these 

ions across the apical membrane of airway epithelium regulates the water content of mucus. 

Much of the molecular weight of mucus is composed of mucin, a glycoprotein secreted by 

goblet cells. The oligosaccharides in mucin bind water, thus making this protein responsible 

for the viscous properties of mucus.7 Mucus also contains lysozyme, lactoferrin, and 

peroxidase, all key components of the innate immune system that can be quantified in nasal 

secretions.8 Other immune-related proteins in mucus include complement factors, 

immunoglobulins, interleukins, leukotrienes, macrophage inflammatory protein, eosinophilic 

cationic protein, and matrix metalloproteinases. Importantly, certain cytokines obtained from 

mucus may be representative of those derived from sinus tissue.9 Previous work has also 

established the association between secreted inflammatory markers and objective levels of 

olfactory dysfunction,10 and transcriptomic and proteomic analysis of secretions has been 

used to better characterize the molecular basis of inflammatory disease.11 Finally, the 

exudative response, defined as the transmigration of plasma or leukocytes to the apical 

surface of an epithelium often in response to inflammatory or allergic stimuli, can be 

measured via total protein or α2-macroglobulin levels.12

In addition to the study of inflammatory markers, nasal secretions may also be collected to 

characterize secreted microsomes that are representative of the nasal microbial environment.
13 Bacteria, fungal organisms, and viruses can all be easily recovered from nasal secretions. 

Microbial collection is most commonly performed via nasal swab14 or lavage,15 the former 

of which has been shown to be representative of mucosal tissue sampling.16

Methods of obtaining nasal secretions may fall into either 1 of 2 categories: bulk surface 

fluid collection and focal surface fluid collection. Bulk surface fluid collection relies on 

recovering secretions from throughout the nasal cavity, usually with the aid of a normal 

saline diluent. Techniques include: (1) blowing of nasal secretions; (2) nasal aspiration; and 

(3) nasal lavage or washings. Focal surface fluid collection is one that is primarily absorptive 

in nature, making use of filter paper, cotton wool, foam, or sponges to recover nasal 

secretions. These materials can be directed to certain areas within the nasal cavity or 

nasopharynx for more precise sample procurement, if desired.
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Bulk surface fluid collection

Blowing of nasal secretions

This technique involves having the subject force air through the nasal passages to mobilize 

secretions that may be present. No widely cited reference for this method exists, although a 

protocol has been presented by Klimek et al.17 Blowing of nasal secretions as a collection 

technique has largely fallen out of favor due to inconsistency in sampling and feasibility of 

alternative methods.

Nasal aspiration

Methods for introducing a suction device to collect nasal secretions seem to vary widely. 

Flexible or rigid suction may be employed, usually connected to a mucus specimen collector 

such as the Lukens Trap (McKesson, San Francisco, CA). The location of directed 

suctioning may depend on the process being studied. For example, the nasal cavity or 

nasopharynx may be of interest for the study of rhinitis or nasopharyngeal microbial 

colonization, respectively. The middle meatus is an ideal single site for obtaining samples 

for microbiologic analysis, as this mucus correlates closely with specimens obtained through 

invasive maxillary sinus puncture.18,19 However, no study has comprehensively compared 

the characteristics of secretions between specific anatomic locations.

Aspiration of mucus under endoscopic guidance reduces the risk of iatrogenic trauma caused 

by blind aspiration, and therefore may reduce blood contamination of acquired samples. 

Successful sample collection is also contingent on mucus being present in the nasal cavity. 

This may be overcome by spraying the nasal cavity first with normal saline, as described by 

Fujimoto et al.20

Nasal lavage

Nasal lavage involves instilling a volume of solution into the nasal cavities followed by its 

collection after a predetermined dwell time. The most widely cited protocol was presented 

by Naclerio et al.21 Nasal lavage fluid has been used to identify biomarkers used in 

determining the inflammatory endotype of chronic rhinosinusitus (CRS).22,23 Given the 

inherent dilution that occurs in this technique, it may be helpful in qualitative assessment (ie, 

presence or absence of target), or when subsequent laboratory assays are highly sensitive or 

are able to concentrate the compound of interest.

Focal surface fluid collection

Cotton wool

Kramer et al24 used cotton wool strips to obtain nasal secretions for analysis of tryptase and 

eosinophilic cationic protein. They described insertion of a strip of cotton measuring 4 × 0.6 

cm into the middle meatus under anterior rhinoscopy. The strip is then removed after 10 

minutes and centrifuged to extract secretions. Cotton wool may also be used in swab form, 

particularly in cases of microbial sampling. If the middle meatus is to be sampled, 

endoscopic guidance should be used so as to minimize contact with vibrissae or other nasal 

surfaces.25

Massey et al. Page 4

Int Forum Allergy Rhinol. Author manuscript; available in PMC 2021 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Foam rubber

Lü and Esch26 compared various approaches with polyurethane foam to a nasal lavage 

method in subjects with seasonal allergic rhinitis,assaying the relative amounts of various 

inflammatory cytokines, immunoglobulins, and allergen-specific autoantibodies collected 

from the 2 methods (the authors employed the nasal lavage technique, as described by 

Naclerio et al21). They found that foam collectors were able to procure 8 times the amount 

of key proteins, such as tryptase and eosinophilic cationic protein, when compared with the 

nasal lavage method. Methods were not compared within-subject, however, and the authors 

did acknowledge a large intersubject variability in biomarker levels with both techniques. 

They further noted that the samples collected via polyurethane foam were stable for at least 

1 month at 4°C or colder. Like other focal surface fluid collection techniques, foam sponges 

can be directed at different anatomic regions of interest, such as the internal nasal valve27 or 

ethmoid bulla,11 among others.

Filter paper

Alam et al28 developed a method using strips of filter paper for recovering cytokines after 

allergen challenge, prompted by an inability to obtain significant mucus cytokine levels 

using a nasal lavage technique. The authors used strips measuring 7 × 30 mm that were 

placed on the inferior turbinate, and noted that 3 separate strips could be placed on each side 

of the nose.

Absorbent fibrous matrix

A proprietary, paper-like material developed for isolating leukocytes from whole blood 

(Leukosorb; Pall Scientific, Port Washington, NY) has been used endonasally to extract 

nasal secretions.29 Fluids obtained via this method were then used to study a number of 

biomarkers, including interleukin (IL)-1β, IL-6, and IL-8, as well as detect the presence of 

respiratory pathogens, such as influenza virus.

Techniques for nasal cytology

In this section we focus primarily on techniques used to harvest cells. Analysis of cells 

recovered from the epithelial surface can facilitate investigation of the mechanisms 

underlying sinonasal inflammation. Eosinophils and mast cells, for example, are associated 

with the presence of inflammatory conditions such as CRS with nasal polyps, and allergic 

rhinitis.30 Neutrophils, generally considered an indicator of acute inflammation, may also 

play a role in the pathophysiology of CRS.31 In addition, nasal respiratory epithelial cells 

may also be obtained for a variety of purposes, including cell culture or transcriptomic 

analysis. It should be noted here that, although nasal mucus obtained via bulk or focal fluid 

collection may be used for cytologic analysis, this may represent a different cell population 

than that collected by the techniques listed in this section.12 Many cell types can be found in 

the airway surface liquid, and may be a result of active inflammatory processes, barrier 

dysfunction facilitating passive relocation of cells, or direct sampling of cells within the 

epithelium through applied mechanical force.
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Nasal brush

Pipkorn et al32 described a method for obtaining nasal cells using a nylon brush. With their 

protocol, the authors recovered samples from asymptomatic individuals containing epithelial 

cells (45%), granulocytes (38%), monocytes (16%), and eosinophils (1.3%). Samples were 

subsequently analyzed via light and electron microscopy, and chemical assays were 

performed for histamine content. This method is commonly used to obtain samples for the 

establishment of primary epithelial cell cultures for study of both upper and lower airway 

physiology.

Nasal scraping

Plastic disposable nasal curettes (Rhino-pro; Arlington Scientific, Springville, UT) have 

been developed to obtain cytologic samples for both diagnostic and research purposes. 

Meltzer et al33 described a protocol using these curettes for cytologic purposes in patients 

with allergic rhinitis. Compared with nasal brushing, nasal scraping may optimize the yield 

of nasal epithelial cells with improved reproducibility.34 Inferior turbinate scraping 

specimens have demonstrated yields of approximately 1 to 2 × 106 cells, of which >90% are 

of epithelial type.35

Techniques for nasal histology: mucosal biopsy

Nasal mucosal biopsy is the only technique that allows for analysis of tissue architecture and 

reliable incorporation of subepithelial components into the sample. Histologic techniques 

may then be used to study epithelial morphology, ciliary activity, lymphocytic infiltrates, and 

goblet cell density. Biopsies for general study of nasal epithelium are often taken fromthe 

anterior portion of the inferior turbinate due to easy access and exposure to nasal airflow. 

Biopsy may also be used to examine tissue characteristics of certain regions of the nasal 

cavity and sinuses that cannot otherwise be studied using surface sampling techniques. For 

example, biopsy of olfactory epithelium is necessary to obtain sufficient olfactory receptor 

neurons.

Although mucosal biopsies for research purposes may be easily obtained from subjects who 

are receiving general anesthesia for an endonasal procedure, in-office mucosal biopsy has 

also been shown to be feasible. However, some of these early protocols36 make use of 

topical cocaine, which, despite its excellent anesthetic and vasoconstrictive properties, has 

fallen out of favor by many investigators due to its classification as a controlled substance. 

An alternative method using topical co-phenylcaine (5% lidocaine with 0.5% phenylephrine) 

has been described.37 The authors argued that a biopsy site anterior to the inferior turbinate 

may be more easily obtained than biopsy of the head of the turbinate, while still providing 

sufficient tissue that is generally representative of nasal mucosa. A similar strategy can be 

used to target other areas of the sinonasal cavity, such as the middle turbinate, uncinate 

process, or nasal polyp. It should be mentioned here that regardless of the topical anesthetic 

used, these medications generally inhibit the ciliary function of respiratory epithelial cells.38
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Although technically more challenging, in-office biopsy of olfactory epithelium has also 

been described.39 The authors reported obtaining successful biopsies in 8 of 10 subjects; 

however, tissue yield is generally low and negative biopsies are not uncommon.

Techniques for nasal mucus exosome concentration and isolation

Exosomes are 30- to 150-nm membrane-bound vesicles that are secreted by virtually all cell 

types,40,41 and may convey more of an overall functional sense of associated tissue rather 

than gene products classically ascribed to a single cell type.42 They consist of a lipid bilayer 

(cholesterol, sphingomyelin, ceramide, saturated fatty acids, and phosphatidylserine) and 

contain lipids, proteins, DNA, and RNA specific to their cell of origin.43–45 Consequently, 

exosomes may be used as a biomarker that shows great potential for noninvasive diagnostics 

and conducting “liquid biopsies.”46 As exosomes represent only a small fraction of the cell’s 

secretome, exosome isolation techniques allow for further analysis of the exosome 

independent of other cell contents. Exosomes are isolated from nasal mucus, which is often 

gathered via focal surface fluid collection techniques, as described earlier (eg, polyvinyl 

acetate sponge application27). Once isolated, exosomal samples may be used to study 

physiologic and pathophysiologic mechanisms, including sinonasal inflammation or 

malignancy. Multiple methods for isolation and purification of exosomes have been 

described47; however, most methods of exosome processing only concentrate exosomes and 

do not isolate them.

The most common technique for concentrating exosomes is ultracentrifugation (UCF). The 

separation technique is based on size and buoyant density. In sequenced centrifugation steps, 

exosomes can be successively concentrated while removing cellular and protein 

contaminants. Théry et al48 described an ultracentrifugation protocol for exosome 

concentration.

Due to the low specificity of ultracentrifugation, adding in a sucrose gradient centrifugation 

step leads to higher purity of the extracted exosomes.49 Alternative methods include 

immunoaffinity-based isolation strategies that sort biologic components by the expression of 

specific proteins on their surfaces,50–53 commercial precipitation kits,53 non-filter systems 

that use acoustic energy to exert forces on exosomes,54,55 and the nanowire-on-micropillar 

technique that physically traps exosomes.56

The benefits of using exosomes as a substrate for the investigation of CRS are increasingly 

evident. First, they may be harvested noninvasively, thereby enabling serial and prospective 

sampling allowing for early detection of both disease progression and treatment response. 

Second, while studying mucus offers similar attributes, exosomes have been shown to have 

an improved signal-to-noise ratio over whole mucus, thereby allowing for more sensitive 

biomarker and biosignature assessment. Third, rather than functioning as passive markers of 

disease, exosomes participate in interepithelial transport of pro-inflammatory proteins. This 

suggests their study may help to unravel the mechanisms underlying field inflammatory 

effects observed in CRS, for instance.
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Discussion

Proper procurement of biologic specimens can be critical to the execution of biomedical 

research. Once the hypothesis has been defined, the investigator should be familiar with 

various techniques for sample collection, processing, and analysis. In this work we aimed to 

catalog a number of different techniques that have been developed to objectively study the 

nasal airway and paranasal sinuses.

The optimal assay used and location of sampling is based on the question to be investigated; 

that is, one technique or sample site is not inherently better than the next. Nasal secretions 

may be harvested in a number of different ways, either via bulk surface fluid collection or 

focal collection methods. Techniques that aim primarily to obtain cells include nasal 

brushing or curettage. Biopsy is generally required for studies in which evaluation of tissue 

histology or subepithelial cells is needed.

This work has not attempted to systematically review or critically compare all available 

research methods. However, it is apparent that collection technique influences sample yield 

and, critically, influences the experiments that can be performed and subsequent 

conclusions. To illustrate, Klimek and Rasp17 performed a comparison study examining the 

influence of nasal secretion sampling techniques on the yield of eosinophilic cation protein 

(ECP). Using 839 subjects, they compared blowing of nasal secretions, simple nasal 

aspiration, a nasal microsuction technique, absorption via cotton wool, absorption via foam 

rubber, nasal lavage, and nasal spray washings. They found that the techniques that 

employed washing or absorption performed well, and that yields for the aspiration 

techniques were generally lower.The authors commented that sample yield may be 

influenced by retrieved sample volume, dilution factor, sample desiccation, and mucosal 

damage. Although not discussed in their work, absorptive materials may retain or release 

certain proteins or biomarkers to varying degrees, thus influencing yield. However, this 

phenomenon has not been specifically characterized in the literature.

The Klimek and Rasp study shows that a wide variety of techniques can be used to collect 

the same biomarker, albeit to varying degrees. This is an important point for the researcher 

to consider when choosing a collection technique. However, a number of other factors must 

be taken into account in addition to yield, including the time and effort needed to collect the 

specimen, subject tolerability of various techniques, tester variability, reproducibility, and 

potential costs of equipment. These concerns are all highly relevant to study design, 

recruitment and retention of enrolled subjects, and funding concerns.

These and other important aspects must be considered by investigators before study 

initiation, and, if a method is not clearly most appropriate, a small pilot study comparing 

different methods is recommended. Another parallel condition that must be carefully 

decided upon is subject selection. Specifically, how does one select for a “healthy” control 

sample in the study of paranasal sinus disease? Should this be an internal or external 

control? Clear diagnostic criteria have been agreed upon for diseases such as CRS and 

allergic rhinitis, but defining characteristics have not been established for control subjects. 

Can “healthy” subjects be defined based on history alone, or is objective testing, such as 
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skin-prick testing and/or computed tomography (CT) imaging, required to exclude cases 

with subclinical disease? In addition, the most appropriate control tissue for nasal polyps is 

yet to be defined, with great heterogeneity in current research practice.

Location of tissue sampling is also a controversial aspect of data collection, particularly with 

respect to focal sampling. Most published protocols strive to obtain a representative sample 

of the nasal milieu while minimizing technical challenges and subject intolerance. No 

consensus exists regarding the ideal representative sampling area. It has been documented 

that inflammatory cell profile and cytokine expression can vary depending on the anatomic 

location within the nose and paranasal sinuses.57 However, other investigators have shown 

that the cytokine profile of mucus collected from the middle meatus mirrors that collected 

from the olfactory cleft in patients with olfactory dysfunction, perhaps obviating the need for 

site-specific sampling in difficult-to-access regions.10 Ideally, we recommend surface 

sampling of the disease-specific location under study. Unless a specific anatomic region is of 

interest, ease of access seems to override most other considerations when choosing the 

sampling site.

Finally, sample stability during cold storage has not been well characterized. Most samples 

are not analyzed immediately upon collection and are usually frozen at −20°C or −80°C so 

that they can be batch analyzed for efficiency. Frozen storage of nasal secretions, cells, or 

mucosal tissue is often necessary for the creation of biorepositories. An international 

consortium maintains a guide of best practices for the creation and maintenance of biobanks 

for research purposes.58 Respiratory cell media, RNA-stabilizing solution, or other buffers 

may be used depending on the anticipated assays. Many protocols have not published 

stability tests after storage of samples, but presumably these experiments have been 

performed. For example, when a polyurethane foam nasal secretion collection apparatus was 

assayed, Lü and Esch demonstrated statistically nonsignificant differences with sample 

evaporation at 1, 2, and 4 weeks at various temperatures (4°C, −20°C, and −80°C).26 

However, time period of storage or number of freeze-thaw cycles for nasal secretions is not 

definite, and quality control experiments are recommended for anything beyond the bare 

minimum.

Conclusion

Fortunately, many techniques are available for the procurement of sinonasal biologic 

samples, and the area is extremely valuable for translational respiratory research given its 

accessibility. Study investigators must take many factors into consideration when selecting a 

technique for specimen collection. As evidenced by the various methods collected herein, no 

ideal technique exists. Investigators must weigh the benefits and drawbacks of each protocol 

and how each may best achieve a research goal while fitting within the constraints of a 

particular study design. Pilot studies are recommended before initiation of a new study in 

order to compare and contrast possible collection methods.
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Appendix

Cited protocols

Bulk surface fluid collection

Blowing of nasal secretions17:

1. Subjects are asked to blow into an aluminum dish attheir convenience.

2. Each side is sampled by having the subject close 1 nostrilmanually.

3. Samples are transferred into a plastic tube and diluted1:1 with phosphate-

buffered saline.

Nasal aspiration20:

1. Ten sprays of normal saline from a disposable nasalspray bottle are applied to 

each nostril.

2. The lavage fluid is then collected with a flexible siliconetube connected to a 

vacuum. This is done by moving the tubing 2 to 4 cm back and forth inside the 

nasal cavity for 1 minute on each side.

3. The inside of the tubing is rinsed with 1.0 mL saline to obtain the lavage fluid.

Nasal lavage21:

1. The volume instilled within each nostril is 2.5 to5.0 mL. A physiologic solution, 

generally 0.9% NaCl prewarmed to 37°C, is instilled within each nostril with an 

80% recovery (range, 65%−90%). An agent to disrupt the disulfide bonds of the 

mucus polypeptide chains can be included.

2. Subjects, in a sitting position, extend their neck gentlybackward to 30 degrees 

from the horizontal, such that the nasal cavity is pointing upward and instilled 

fluid will not be lost anteriorly because of gravity.

3. Posterior loss is limited by having subjects close thirsoft palate, hold their breath 

during the period of nasal lavage retention, and hold their mouth slightly open.

4. The fluid is usually left within the nasal cavity for 10 seconds. The subject then 

leans forward and expels the fluid from the nostrils by gently exhaling into a 

collecting funnel that drains into a container.

5. In studies in which nasal challenge induces nasal blockage, the obstruction of the 

nasal lumen will limit the amount of fluid that can be retained within the nasal 

cavity, and smaller lavage volumes may be used. Intranasal α-agonist 

administration has been used to facilitate the undertaking of nasal lavage by 

decongesting the nose. This has been shown not to influence the recovery of 

mediators or markers of vascular permeability within the nasal lavage fluid under 

challenge circumstances.
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Focal surface fluid collection

Cotton wool24:

1. Cotton wool strips with a length of 4 cm and a width of 6 mm are placed into the 

middle meatus with bayonet forceps under direct rhinoscopic view and are left in 

place for 10 minutes.

2. This is followed by centrifugation of the strips at 2000g for 10 minutes. The 

samples are then stored at −20°C and prediluted 1:5 before testing.

Foam rubber26:

1. A cylindrical polyurethane foam roll (measuring 12 mm × 24 mm) is inserted 

about 1 inch into the nostril along the floor of the nasal cavity, in between the 

septum and inferior turbinate for at least 5 minutes.

2. The foam is then removed and inserted into a centrifugetube, where it should be 

stored at −20°C or −80°C until the sample is ready to be centrifuged.

3. The sample is then thawed and can be centrifuged at 3000g for 20 minutes to 

recover the fluid. The fluid can be stored at −80°C for up to 1 month with 

minimal fluid loss.

Filter paper28:

1. Small strips of Whatman No. 42 filter paper (7 × 30 mm) are cut, sterilized, and 

placed on the anterior portion of the inferior turbinate. A total of 6 filter strips 

can be placed, 3 on each side of the nose.

2. Filter strips are left for 10 minutes and then removed and air-dried.

3. Individual strips are stored in a sterile tube at −70°C until further use.

4. To elute the cytokines, 2 filter strips from the same patient are placed in a tube 

with 0.55 mL of 0.1 mol/L Tris buffer, pH 7.4, in normal saline containing 0.3% 

human serum albumin (HSA), 0.01% sodium azide, and 0.002% Tween.

5. The tube is then placed on a rocker overnight at 4°C, after which cytokine assays 

can be performed.

Absorbent fibrous matrix (Leukosorb)29:

1. Strips are cut from sheets of Leukosorb medium to adimension of roughly 4 × 40 

mm.

2. Before the strips were inserted, each nostril was briefly moistened with 100 μL 

of 0.9% sterile, normal saline solution.

3. Leukosorb strips were then inserted into each nostrilonto the anterior part of the 

inferior turbinate.

4. After insertion, nostrils were clamped shut using apadded nose clip for 2 

minutes.
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5. Strips were then removed from the nostril and collectedin 1.5-mL collection 

tubes, and stored at −20°C until fluid elution and analysis.

Nasal cytology

Nasal brush method32:

1. The brush is introduced into the nose under direct visual guidance and placed 

between the nasal septum and the inferior turbinate. No anesthesia is used. The 

brush is introduced to its full length and then removed with a slight rotating 

movement.

2. The brush is then placed immediately into a 3 mL plastic tube containing 2 mL 

buffered salt solution.

3. The brush is then shaken vigorously in the salt solution and carefully brushed off 

on the wall of the tube.

Nasal scraping33:

1. Samples were obtained after having the subject blow their nose to clear excess 

secretions.

2. The tip of the probe is then passed gently along the medial surface of the inferior 

turbinate under direct visualization. Two or 3 short scrapes are used to obtain the 

sample.

3. The sample is then spread onto a microscope slide and immediately fixed with 

95% ethyl alcohol.

Techniques for mucosal histology

General mucosal biopsy37:

1. Local decongestion and anesthesia is achieved by topical administration on 

cotton wool pledgets placed in the nasal cavities for 10 minutes.

2. Biopsies are taken under direct visualization from a mucosal fold on the lateral 

nasal wall anterior to the inferior turbinate using an up-cutting 45° Blakesley 

forceps.

3. Gauze is placed in the nasal cavity for hemostasis for 10 minutes.

Olfactory epithelium biopsy39:

1. The nasal cavity is sprayed with a mixture of 2% lidocaine and 0.025% 

oxymetazoline.

2. After several minutes, rigid nasal endoscopy with a 2.7-mm 0-degree nasal 

endoscope identifies the side with the greatest olfactory cleft space.

3. Further anesthetic is applied with the subject in the Mygind position, supine, and 

with the head hanging and neck extended off the edge of the examination table. 

A flexible angiocath is then used to direct 0.5 to 1 mL of anesthetic solution into 
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the superior nasal cavity and olfactory cleft. Subjects remain in this position for 2 

to 3 minutes and are then returned to an upright sitting position.

4. A sickle knife is then used to create a 5 to 7 mm posteriorto anterior diagonal 

incision along the septum approximately 5 to 8 mm below the cribriform plate 

and >5 mm posterior to the attachment of the middle turbinate.

5. The sickle knife is used to carefully elevate a superiorly based flap of mucosa.

6. A 3-mm cup forceps is used to pinch off a portion of the superiorly raised flap.

7. Anesthetic soaked cotton wisps are placed into the olfactory cleft for hemostasis.

Technique for nasal secretion exosome concentration and isolation48:

1. Nasal secretions are harvested by placing compressed polyvinyl alcohol sponges 

(PVA; Medtronic, Minneapolis, MN) against the middle meatus for 5 minutes 

taking care not to abrade the mucosa or contaminate the sponge with blood. The 

sponges are then removed.

2. Mucus samples are extracted from the PVA sponges by centrifugation (1500g at 

4°C for 30 minutes).

3. Mucus is then diluted in 150 μL of 1× phosphate-buffered saline (PBS; Life 

Technologies, Carlsbad, CA) with Protease Inhibitor Cocktail (1:100; Sigma, St 

Louis, MO).

4. Cellular debris is pelleted by centrifugation at 45 minutes at 12,000g at 4°C.

5. Supernatant is then suspended in 4.5 mL of PBS in polypropylene tubes (5.0 mL, 

13 × 51 mm; Thinwall; Beckman Coulter, Indianapolis, IN) and ultracentrifuged 

for 2 hours at 110,000g, at 4°C.

6. The supernatant is then collected and the pellet resuspended in 4.5 mL 1× PBS.

7. Next, the suspension is filtered through a 0.22-μm filter (Fisher Scientific, 

Pittsburgh, PA) and collected in a fresh ultracentrifuge tube.

8. For the second ultracentrifugation step, the filtered suspension is centrifuged for 

70 minutes at 110,000g at 4°C.

9. Again, the supernatant is collected and the pellet resuspended in 175 μL PBS M-

PER™ Mammalian Protein Extraction Reagent (Thermo Scientific, Waltham, 

MA) with 1× protease inhibitor (Halt™ Protease Inhibitor Cocktail [100×]; 

Thermo Scientific) for further protein analysis.
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FIGURE 1. 
Endoscopic images of select techniques, including nasal cytology brush (A) and nasal 

curette (B) sampling of inferior turbinate, as well as middle meatal placement of a cotton-

tipped swab (C) and foam sponge (D).
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