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Summary

Nasal cytology is an easy, cheap, non-invasive and point-of-care method to assess
nasal inflammation and disease-specific cellular features. By means of nasal cytology,
it is possible to distinguish between different inflammatory patterns that are typi-
cally associated with specific diseases (ie, allergic and non-allergic rhinitis). Its use is
particularly relevant when other clinical information, such as signs, symptoms, time-
course and allergic sensitizations, is not enough to recognize which of the different
rhinitis phenotypes is involved; for example, it is only by means of nasal cytology
that it is possible to distinguish, among the non-allergic rhinitis, those characterized
by eosinophilic (NARES), mast cellular (NARMA), mixed eosinophilic-mast cellular
(NARESMA) or neutrophilic (NARNE) inflammation. Despite its clinical usefulness,
cheapness, non-invasiveness and easiness, nasal cytology is still underused and this
is at least partially due to the fact that, as far as now, there is not a consensus or
an official recommendation on its methodological issues. We here review the scien-
tific literature about nasal cytology, giving recommendations on how to perform and

interpret nasal cytology.
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1 | INTRODUCTION

Over the past 20 years, advances in technology and scientific
research dramatically changed the clinical approach to diagnosis
and treatment of rhinitis. Specifically, in the field of rhinology,
numerous diagnostic procedures (fiberoptic endoscopy, immuno-
histochemistry...) were introduced in clinical practice to refine
the diagnostic accuracy.! Among these procedures, and due to
the fact that nasal mucosa is can be easily accessed, nasal
cytology?® appears to be as an attractive and promising addi-
tional diagnostic tool, to be associated to the standard diagnos-
tic methods. Nasal cytology represents an useful, cheap and
easy-to-apply diagnostic method to better detail the phenotypic
characteristics of rhinitis. In fact, it allows to detect and quan-
tify the cell populations within the nasal mucosa at a given
instant, to better discriminate the different pathological condi-
tions and also to evaluate the effects of various stimuli (aller-
gens, infectious, irritants, physico-chemicals) or the effect of
treatments.

Despite its simplicity and proven utility in giving direction to
the diagnostic study of many nasal diseases, nasal cytology
paradoxically still remains underused. This may be due to the
fact that current research is mainly devoted to high-tech instru-
ments and biological treatments. For nasal cytology, the only
instrument required is a standard light microscope, which costs
far less than any instrument required for conducting more
sophisticated studies.

Moreover, nasal cytology plays an important research role in the
evaluation of effect of noxious stimuli, outcomes of treatments,
effects of allergen immunotherapy and pathogenic aspects of comor-
bidities.*> The major unmet need, so far, is its standardization to use
a reproducible methodology.®

We here summarize the most updated evidence on methods and
clinical interpretation of nasal cytology, making our recommenda-
tions for clinical routinely use.

2 | NASAL SAMPLING

There are numerous techniques to obtain an adequate specimen,
each with their advantages and disadvantages.'”

The most frequently used are here summarized.

2.1 | Nasal lavage

Nasal lavage implies the introduction of fluid into the nasal cavity
and its recovery after a dwell time.2? Nasal lavage allows the evalua-
tion of proteins, cells, and mediators such as cytokines in the nasal
cavity. Nasal lavage cannot be considered as the “gold standard”
method for cytological sampling since, often, the sampled cells are in
apoptotic degeneration. Therefore, we recommend the use of nasal
lavage only to study nasal secretion mediators and not for cytologi-

cal assessment.

2.2 | Pre-weighted sinus packs or filter papers

They are placed on the floor of the nasal cavity between the septum
and the inferior turbinate for 5 minutes and then stored in a Falcon
tube.® The sinus pack is then washed with 3 mL of 0.9% NaCl solu-
tion, placed into a syringe shaft and squeezed by moving the syringe
piston. After the first pressure, the shaft containing the sinus pack is
placed into a Falcon tube and centrifuged to recover all fluid. The
samples are then weighted after collection to measure collected vol-
umes and to correct measured markers for volume. This technique
gives reliable results but it needs the collaboration with a fully
equipped laboratory to process and read the samples, with concomi-
tant increase in costs and time to obtain the results; therefore, we
do not recommend it for clinical purpose, but for research settings.

2.3 | Direct aspiration using microsuction tubes

The samples are collected by repeated aspiration into a pre-weighted
plastic sampling tube immediately followed by aspiration of a known
volume (1.0 mL) of PBS containing 10% of Mesna. The direct aspiration
system combines the advantage of minimal irritation of the nasal
mucosa with the facility to determine concentrations per gram of secre-

tion. We recommend the use of this method only for research purpose.

2.4 | Nasal brushing

A small nylon brush is introduced in the middle meatus of the nose
and turned carefully. The brush is immediately placed in a 5 mL
polystyrene plastic tube containing 5 mL of PBS and cut-off just
above the bristles. The brush will be shaken vigorously in the solu-
tion and carefully brushed off against the wall of the tube.!*'? The
tubes are centrifuged at 400 g for 10 minutes. Nasal brushing gives
information on living epithelial cells, which is an advantage over
nasal lavage. It is often used to study ciliary ultrastructure, even if
recent studies showed better results with less prevalence of blood-

derived artefacts with nasal scraping.t®

2.5 | Nasal scraping

It is performed with a pencil-shaped disposable nasal curette with a
small distal cup (Rhinoprobe®, Nasal scraping®). The cupped tip is gently
passed over the mucosal surface of the medial aspect of the inferior
turbinate (Figure 1). Two or three short scrapes of the epithelial layer
are made to obtain a sample. The specimen is spread onto a plain slide
and air-dried. Nasal scraping give information on living epithelial cells

6,14,15

sometimes in larger lumps and it can be used to evaluate the cil-

iary activity if the slide is observed by a phase-contrast microscope.

2.6 | Nasal swab

It is an easy technique, mainly used in children, in whose the nasal
scraping can be difficult to perform. It can be performed using a

oropharyngeal swab or, in newborns, an urethral swab. Any used swab
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FIGURE 1 Anatomic site for nasal scraping: the mucosal surface
of the medial aspect of the inferior turbinate

should be wet in saline and then squeezed before the use; the sample
should be performed at inferior turbinate level by “go-and-turn” rota-
tion movements. Recent paediatric studies, however, showed that nasal
scraping is still the preferable methods also in children.*®

2.7 | Nasal biopsy

It is not recommendend for cytologycal purpose, while it is the gold

standard for histological assessment of nasal mucosa.”

Considering the ease of execution, its cheapness and the quality
of obtained sample, we suggest that the reference method for nasal
cytology sampling for adults should be nasal scraping, while nasal
swab should be reserved to newborns and children. The other meth-
ods should be reserved for specific aims (ie, assessing soluble
biomarkers concentration) but are not advisable for the routine cyto-
logical assessment. Moreover, considering that the cellular infiltrate
reappears about 4-6 days after stopping nasal corticosteroids, we
suggest to perform nasal cytology after at least 7 days of nasal
sprays (and oral corticosteroids) suspension to obtain a clearer view

on the real cytological involvement.*®

3 | SAMPLE STAINING

Data from the literature are quite homogenous and concordant about
the use of May-Griinwald-Giemsa (MGG) staining®'>? for its ability
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to correctly identify inflammatory nasal cells: in particular, MGG shows
in blue the nuclei of white blood cells and the granules of basophils
granulocytes, while red blood cells and eosinophils granules are red.
The cytoplasm of white blood cells appears in light blue. The tradi-
tional MGG staining procedure requires about 30 minutes, but pre-
mixed compounds (eg, MGG QUICK STAIN®; Bio-Optica, Milan,
Italy) are available and allow a satisfactory preparation in less than

1 minute.

4 | SAMPLE READING

The stained sample is read at optical microscopy, at 1000x magnifi-
cation with oil immersion. We recommend to read at least 50 fields.
The minimum number of cells counted into the 50 fields should be
more than 200 to consider the sample as adequate. The count of
each cell type can be expressed as a percentage of the total cells
(including mucinous and ciliated cells), as an absolute value, or by a
semiquantitative grading.® For clinical practice, we recommend a

semiquantitative approach as reported in Table 1.°

5 | CYTOLOGICAL ASPECTS OF NORMAL
NASAL MUCOSA

Microscopically, nasal mucosa consists of an epithelial layer, leaning
on a thin basal membrane which separates it from “lamina propria”;
this epithelium is pseudostratified and prismatic with different types
of cells: columnar ciliated and not ciliated cells, muciparous goblet
cells and basal epithelial cells (Figure 2, Panel A). Into the intercellu-
lar spaces, even in normal conditions, it is possible to find few lym-
phocytes and neutrophils.

Nasal mucosa may change according to the studied anatomical
region: the most anterior part of nasal mucosa is called “nasal vesti-
bule” and it is characterized by a squamous, stratified and kera-
tinized epithelium; moving posteriorly, nasal mucosa consists of
pseudostratified non-ciliated epithelium called “transitional epithe-
lium,” followed by a bathiprysmatic epithelium. Eventually, the
remaining portion of nasal mucosa is made by ciliated columnar
pseudostratified epithelium. The term “pseudostratified” means that
all the cells have a direct contact with lamina basale, despite their
nuclei are placed at different levels, giving the optical impression of
a epithelium made by several layers.?° The knowledge of the cyto-
logical features of normal nasal epithelium is useful to verify if the
cytological sample has been correctly collected.®

Another peculiar feature of nasal epithelium is the presence of a
mucous secretion entirely covering the epithelial surface, and struc-
turally divided into 2 layers: sol and gel; the layer at contact with the
epithelial surface is aqueous (sol phase) and it almost entirely covers
the surface of respiratory cilia. Over the sol, there is a thick layer
called “gel” mainly made by mucins, a group of glycoproteins. These
2 layers are part of the non-specific respiratory defence system dep-

uty to decontaminate inspired air: many inspired particles remain
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TABLE 1 Quantitative and semiquantitative grading of nasal cytology results®

Description Quantitative Grading
Epithelial ciliated cells Normal - N
Abnormal - A (CCP/MN)
Mucinous cells None 0 0
Occasional 1%-24% 1+
Moderate number 25%-49% 2+
Large number 50%-74% 3+
Covering the entire field 75%-100% 4+
Neutrophils and eosinophils None 0 0
Occasional 0.1%-1% Vot
Few scattered cells, small clumps 1.1%-5% 1+
Moderate number, large clumps 5%-15% 2+
Large clumps not covering the field 15%-20% 3+
Clumps covering entire field >20% 4+
Basophilic (mast cells) None 0 0
Occasional 0.1-0.3 Vot
Few scattered cells, small clumps 0.4-1 1+
Moderate number, large clumps 1.1-3 2+
Large clumps not covering the field 3.1-6 3+
Up to 25 per an x100 field >6 4+
Eosinophil/mast cell degranulation None observed Present/absent 0
Occasional granules 1+
Moderate number of granules 2+
Many granules easily seen 3+
Massive degranulation. entire field 4+
Bacteria and spores None observed None standardized 0
QOccasional clumps 1+
Moderate number 2+
Many cells easily seen 3+
Bacteria/spores over the entire field 4+

CCP, cilioeytophthoria; MN, multinucleation.

trapped into the gel layer, while the sol layer allows the appropriate
movement of cilia that contributes to move the gel layer towards

the rhino-pharynx to be eliminated.
Main characteristics of normal nasal epithelial cells:

Ciliated cells: They represent the most differentiated and the
most frequent cell type into the nasal epithelium. They generally
have a polygonal shape with about 150-200 cilia at the of top a
big central nucleus and a basal region which is in strict contact
with basal membrane through desmosomes (Figure 2, Panel B). A
perinuclear halo or hypercromatic supernulcear stria in ciliated cells
is a hallmark of normal function,?* and its reduction has been put
in correlation with severity of vasomotor, inflammatory and infec-
tious nasal diseases.??%*

Muciparous goblet cell: It is a unicellular gland interposed among

20,24

the respiratory pseudostratified epithelial cells secreting

mucin, that in contact with water originates mucus. On its sur-
face, there are many microvilli and a small hole, called “stoma,”
from which mucin granules are secreted by exocitosis. The
nucleus is always put into the lower part of cellular body, while
vacuoles containing mucin and mucinogenous are localized in the
upper part of the cell giving it the characteristic shape of a “gob-
let” (Figure 2, Panel C). Goblet cells’ secretions contribute to the
cleansing of respiratory mucosa.

Striated cell: It is a columnar cell with the nucleus localized into
its lower part; the upper portion is characterized by the presence
of many microvilli containing microfilaments (Figure 2, Panel D).
Its biological role is still not completely clear: it has been postu-
lated that striated cells could be progenitors of both ciliated and
goblet cells,?® but specific studies are lacking on this topic.

Basal epithelial cell: It is smaller than the other nasal epithelial
cells and it is characterized by being in contact with basal
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(A) (B)

(C)

(D) (E)

FIGURE 2 Panel A, Normal nasal mucosa (stained with May-Grunwald-Giemsa; 400x). Panel B, Ciliated cells (stained with May-Grunwald-
Giemsa; 1000x with Camera Magnification Factor 2x). Panel C, Muciparous goblet cells (stained with May-Grunwald-Giemsa; 1000x with
Camera Magnification Factor 2x). Panel D, Striated cells (stained with May-Grunwald-Giemsa; 1000x with Camera Magnification Factor 2x).

Panel E, Basal epithelial cells (stained with May-Grunwald-Giemsa; 1000x)

membrane without reaching the surface of nasal mucosa. Its
nucleus is hyperchromatic and quite big in relation to its cyto-
plasm (Figure 2, Panel E). As far as striated cells, also basal epithe-
lial cells have been considered as progenitors for goblet and
epithelial cells.?

6 | EVALUATION OF MUCOCILIARY
CLEARANCE

Nasal epithelial cells can be observed in vitro, and their physiological
motility, which is genetically determined, measured. Usually, the cilia
propel the mucus layer by rhythmic movements, at a mean fre-
quency of about 250 beats/min. Their rhythmic activity is constant
and evaluable till 18-24 hours after death.?¢

Nasal epithelium can be obtained by means of a Rhinoprobe
from the inferior or middle turbinate. The material is spread uni-
formly in the centre of a slide, added with 1-2 drops of physiological

solution at 36°C, and covered with a cover glass. After that, an
in vitro evaluation of ciliary movement is possible with a phase-con-
trast microscopy with x100 objective lens in immersion. Ciliary beat
frequency can be recorded and classified as: present (3-4 beats/s),
hypovalid (1-2 beats/s) and absent.?®

Epithelial cells can be evaluated for ciliary beat frequency (CBF)
and the ciliary waveform analysed in detail by digital high-speed
video imaging. The demonstration of normal CBF and beat pattern
excludes the diagnosis of ciliary dyskinesia.

Nasal ciliary movements can be impaired in primary and sec-
ondary dyskinesia, rare autosomal syndromes and chronic rhinosi-
nusitis (CRS).

7 | BIOFILM

Biofilm is an organized community of bacteria or fungi adherent to
an inert or living surface, embedded in a self-produced extracellular
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FIGURE 3 Bacterial biofilm (stained with May-Grunwald-Giemsa;
1000x with Camera Magnification Factor 2x)

polymeric matrix (85% in volume) composed of a mixture of biopoly-
mers, primarily polysaccharides, protein and nucleic acids. Organisms
living in a biofilm are relatively protected against host defences and
antimicrobial agents. In the biofilm, bacteria interact by quorum
sensing, using different classes of signalling molecules; only when
bacteria leave the biofilm in the planktonic form, they cause symp-
toms and become susceptible to host defences and antibiotics.?”
Bacterial biofilms are likely present in most difficult-to-treat CRS
patients and its presence is related to a worse prognosis patients;
moreover, it is believed to play a significant role in the pathophysiol-
ogy of the disease and in its consequences in adjacent organs (ie,
middle ear).?® Nasal cytology, performed by optical microscopy, is
able to identify biofilms on nasal mucosal surfaces. Biofilms appear
cyan-stained “infectious spot,” (Figure 3) whose polysaccharide nat-
ure can be confirmed by periodic acid-Schiff staining.?’

8 | EPITHELIAL CELL MODIFICATIONS

The mucosal epithelium lining the upper and lower conducting air-
ways provides a barrier against injury from inhaled toxins, bacteria
and other biogenic agents (organic dust, pollen, mould spores, etc.).
The normal respiratory epithelium is coated with mucus that lubri-
cates, insulates and humidifies the epithelium and protects it by
entrapping bacteria and other particulates for removal by mucociliary
clearance.

The pathomechanisms of inflammatory airway diseases are con-
nected to the large biological networks between the environment
and the host. During development, host genetics and environmental
factors can significantly modulate the barrier homeostasis, thus influ-
encing the predilection towards chronic inflammation of the air-
ways.%° Moreover, the respiratory epithelium has important innate
immunity functions. It also mediates parts of the innate and adaptive
immunity by its antigen presentation, phagocytosis and pattern

recognition abilities. These functions seem to be essentially involved
in the development of human chronic upper airway disorders.3*

Nasal epithelial repair and remodelling is a highly organized pro-
cess leading to necessary self-renewal after injury.®* Upon injury,
non-differentiated basal cells migrate and proliferate into ciliated and
goblet cells in injured regions. Moreover, epithelial cells may dedif-
ferentiate through squamous metaplasia or epithelial to mesenchy-
mal transition (EMT), which describes a rapid and normally reversible
modulation of the epithelial phenotype towards mesenchymal
cells.?2

Nasal pathologies affect first ciliated cells, which are the most
differentiated, with a rearrangement of the respiratory mucosal
epithelium, which favours goblet cells (metaplasia mucipara). This has
important pathophysiologic and clinical consequences, in fact, the
decrease in the ciliated component and the proportional increase in
goblet cells increases the production of mucus production and its
consequent endonasal stagnation.®® The reduced mucociliary trans-
port is a risk factor for inflammation, because of the facilitation of
bacterial infections and of vicious circles leading to repeated inflam-
matory events. Considering that the usual turnover of ciliated cells is
about 3 weeks, recurrent inflammations prevent the recovery of the
normal relationship among the different cell types in the respiratory
epithelium.

Hypertrophy, hyperplasia and metaplasia of secretory cells in sur-
face epithelium and submucosal glands associated with hypersecre-
tion of mucus are major factors in the pathogenesis of airway
inflammations such as rhinitis, sinusitis and tracheobronchitis.>*

The increase in goblet cell numbers in the respiratory epithelium
during airway inflammation has been described both as mucous
metaplasia and as goblet cell hyperplasia (Figure 4) Metaplasia implies
a change in cell phenotype, while hyperplasia suggests cell prolifera-
tion as the mechanism for the increase in goblet cell numbers. In
human airways, a detailed analysis of the epithelial transition to a

mucus-secreting phenotype has not been undertaken.®®

FIGURE 4 Mucous metaplasia (stained with May-Grunwald-
Giemsa; 1000x)
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Besides environmental pollution, other risk factor associated with
chronic rhinosinusitis is active smoking and second-hand smoke.3¢
Many studies demonstrated a strong association between smoking
and increased incidence of upper airway inflammatory disease in
both adults and children.

Trombitas et al®”

demonstrated in a recent work that cigarette
smoke induces sinonasal mucosa wound changes and delays in heal-
ing. Within the surface of epithelium, there are a progressive injuries
represented initially by loss of cilia and globlet cell hyperplasia, fol-
lowed by hyperplasic/dysplastic epithelium.

During ageing, nasal mucosa shows signs of atrophy with
decrease in goblet cells and thickening of the basal membrane. In
parallel, elasticity of nasal mucosa decreases, by part due to a
decreasing level of estrogens in postmenopausal women.*8

The effects of age on mucociliary clearance are controversial.
Some studies showed no effect on mucociliary clearance,***° but
others were able to demonstrate a decrease in ciliary beat fre-
quency, with an increase in saccharin transit time, as equivalent of
deterioration of mucociliary clearance in old age.*! Viscosity of nasal
secretion increases and causes post-nasal drip with consecutive

repeated clearing of the throat.*?
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9 | INFECTIOUS RHINITIS
Nasal cytology helps to recognize involved microorganism species (at
least for bacteria and fungi) (Figure 5) and infection-related inflam-

matory patterns.

9.1 | Viral rhinitis

Viral rhinitis is the most frequent upper airways infectious disease
and can be easily diagnosed on a clinical base. Due to their small
size, viruses cannot be visualized at optical microscopic observa-
tion but cytopathic effects on nasal mucosa may be pathog-
nomonic.

After a viral infection, the cellular infiltrate from nasal mucosa
in characterized by an increased number of neutrophils and lym-
phocytes, within 24 hours from the infection. A morphological
change in the ciliated epithelium can be seen, known as “ciliocy-
tophthoria”; it includes a typical nuclear chromatin condensation
with nuclear margination and multiple cytoplasmic vacuoles with
“decapitation” of the apical portion of the ciliated cell due to the
lateral confluence of cytoplasmic vacuoles (Figure 6, Panel A).

SPIRALS

Bacillus {rod) ﬂ‘ :
lie, E. coli) ‘ Vibriolie, Vibrio
cholerae)
Diplobacillus {ie, |
Kiebsiella
rhinoscleromuatis) Spirillum

(ie, Borrellio Burgdorferi)

Streptobacillus {ie,
| Streptobacillus
moniliformis)

chains [ie, Stafilococcus Palisade [ie,
Aureus) ‘ Corynebacterium Spirochete
diphtheriae) (ie, Leptospira
sl . interrogans)
Micrococeus luteus) Flagellate rods [ie, \
Pseudomonas
Aeruginosa)

FIGURE 5 Recognizable bacterial species by means of nasal cytology

coccobacillus {ie, ‘
Haoemophilus
Influenzae)
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Other cytopathic effects are nuclear alterations such as ground

glass image, syncytium of cells or polynuclear cells and inclusion
bodies (Figure 6, Panel B).>'*

9.2 | Bacterial acute rhinosinusitis

In nasal cytology, bacterial infectious rhinosinusitis (bacterial infec-
tion always spreads to sinuses) are usually characterized by the pres-
ence of a large number of neutrophils, with intra- and extracellular
bacteria that can easily identified at optical microscopy (Figure 5).
Ciliated cells are significantly reduced in favour of mucinous cells
and both metaplastic and platicellular cells are observed. Lympho-
cytes and macrophage can accompany the neutrophilic infiltrate (Fig-
ure 7).6

As previously reported, the observation of bacteria in the nasal
passages do not provide any specific diagnostic value for the causa-
tive pathogen but can help in suggesting a superimpose bacterial
role in forms of allergic/cellular non-allergic rhinitis or CRS.

9.3 | Fungal infection

A diagnosis of fungal pathology is established by combining findings
on history, clinical examination, laboratory testing, imaging and
histopathology. Cytologic observation in nasal scrapings may con-
tribute to confirm the clinical suspicious. In nasal cytology, fungal
rhinitis/sinusitis may be suspected through (i) identification of hyphae
or yeasts with the proper stain (although not the first choice of
stains for fungi, yeast cells, pseudohyphae, and fungal hyphae—they
are better visualized in potassium hydroxide staining—may be easily
visualized in MGG); (ii) characteristic of the inflammatory infiltrate
and/or mucous/mucin secretion, that is eosinophils, mucin, neu-

trophils; (iii) cytopathic effects on epithelial cells that are mainly

FIGURE 6 Panel A, Ciliocytophthoria.
Panel B, Polynuclear cells (stained with
May-Grunwald-Giemsa; 1000x with
Camera Magnification Factor 1.5x)

nuclear rarefaction reaching sometimes “karyorrhexis” appearance or

intracellular invasion by spores or hyphae (Figure 8).

10 | ALLERGIC RHINITIS
The patient suffering from seasonal or perennial allergic rhinitis (AR),
stimulated naturally or by specific nasal provocation tests, develops
an immediate nasal response, so-called early phase (primarily his-
tamine-mediated), and a late phase due to the influx of inflammatory
cells.**** From a microscopic point of view, the response is always
characterized by a presence of inflammatory cells (eosinophils, mast
cells, neutrophils and lymphocytes) in the nose, that following the
release of several chemical mediators provoke the main symptoms
(itching, nasal congestion, runny nose, sneezing, watery eyes, etc.).

When the allergen exposure is of low intensity, but persistent in
time, as is typical of perennial rhinitis (for example by mites), it leads
to a cell condition, defined as “Minimal Persistent Inflammation”,*>4¢
characterized by a persistent infiltration of neutrophils overall and
only minimally by eosinophils, even in the absence of symptoms (Fig-
ure 9, Panel A). Mast cells and important signs of eosinophilic-mast
cell degranulation are rarely found. This cellular condition is clinically
translated in an absent or subchronic symptomatology, which distin-
guishes patients suffering from these perennial forms compared with
those acutely exposed to allergens (ie, seasonal allergic rhinitis, acute
occupational rhinitis, acute exposure to perennial allergens...), where
the principal symptoms are nasal obstruction and rhinorrhea. Some
differences are due to dust mites, however, by monitoring over time
allergic patients: the eosinophilic component increases in April and
October, the periods in which the dust mites have their peaks.*’

As far as seasonal AR, the rhinocytogram will change depend-

ing on whether the patient will be examined during or off the
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FIGURE 7 Bacterial rhinosinusitis (stained with May-Grunwald-
Giemsa; 1000x)

pollen season. In the first condition, the patient will present all
the clinical signs of the disease: nasal cytology is characterized by
neutrophils, lymphocytes, eosinophils and mast cells, largely
degranulated (Figure 9, Panel B); conversely, if assessed out of
season, the patient will clearly present a clinical and cytological
“silence,” especially if more than thirty days passed after the end
of exposure.

An interesting fact has emerged in the course of a study®® in
which it was found that subjects with perennial rhinitis and allergic
monosensitized patients present different aspects, regarding both
the relative abundance of immunoflogistic cells and the values of
nasal resistance to rhinomanometry. In particular, those patients
allergic to pollens displayed higher levels of cellular infiltration (eosi-
nophils, neutrophils and mast cells) and a greater increase in nasal
resistance. In addition, changes in the degree of eosinophilic-mast
cell degranulation, which varied depending on the pollen (grasses,

FIGURE 8 Panel A, Fungal sporae in
biofilm. Panel B: karyorrhexis (stained with
May-Grunwald-Giemsa; 1000x with
Camera Magnification Factor 2x)

WILEY-L

pellitory, cypress and olive tree), with a greater degree of degranula-
tion for pollen belonging to the grass pollen, was found.

Moreover, nasal cytology may be used as one of the assessable
outcomes for evaluating the effect of a nasal provocation test with a
given allergen,® or as an additional diagnostic tool in occupational
setting, where cytological pattern may put in evidence a classical
allergic picture or a non-allergic nasal inflammation, depending on

the involved occupational allergen.*’

11 | CELLULAR NON-ALLERGIC RHINITIS
(NARNE, NARES, NARMA, NARESMA)

When a chronic persistent rhinitis is not associated with the evi-
dence of relevant allergic sensitization(s) and/or to a chronic rhinosi-
nusitis, performing a nasal cytological evaluation may really be
helpful in better understanding the underlying cellular inflammatory
involvement, and therefore giving the most appropriate treatment
for each single subtype of non-allergic rhinitis. Indeed, the identifica-
tion of eosinophilic and/or mast cellular inflammation will implicate a
preference for a certain drug, more specifically intranasal steroids
intranasal corticosteroids and/or intranasal antihistamines, which are
known to be effective in reducing the activity of these cells, while
when neutrophils are predominant the expected efficacy of corticos-
teroids and antihistamines is poor.

The common characteristic of all these type of rhinitis is the
absence of both allergenic sensitization and infection. The best
known and first described is the Non-Allergic Rhinitis Eosinophilic
Syndrome (NARES).*° In this cellular form of rhinitis, the presence of
eosinophils is not only predominant (inconsistently defined as >5%
to >20%), but massively present with even higher expression than in
seasonal rhinitis (Figure 10, Panel A).
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Another important inflammatory non-allergic rhinitis is the so-

called NARESMA (Non-Allergic Rhinitis Eosinophilic Mastcell Syn-
)51

drome)’" in which, in addition to the important eosinophilic infiltrate,
mast cell component (>10% of total nasal cells) is detectable. (Fig-
ure 10, Panel B).

The NARMA (Non-Allergic Rhinitis with Mast cells) is character-
ized by the isolated mast cell infiltration (>10% of total nasal cells)
(Figure 10, Panel C) while NARNE by a massive presence of neu-
trophils (>50 of total nasal cells) without concomitant bacterial colo-

nization*>? (Figure 10, Panel D).

FIGURE 9 Panel A, Minimal persistent
inflammation (Eos: eosinophils; Neu:
neutrophils) (stained with May-Grunwald-
Giemsa; 1000x with Camera Magnification
Factor 1.5x). Panel B, Allergic rhinitis
(Deg_Eos, degranulated eosinophils;
Deg_Mast, degranulated mast cells)
(stained with May-Grunwald-Giemsa;
1000x with Camera Magnification Factor
2x)

FIGURE 10 Non-allergic cellular
rhinitis. Panel A, Non-allergic rhinitis with
eosinophils (NARES). Panel B, Non-allergic
rhinitis with eosinophils and mast cells
(NARESMA). Panel C, Non-allergic rhinitis
with mast cells (NARMA). Panel D, Non-
allergic rhinitis with neutrophils (NARNE)
(stained with May-Grunwald-Giemsa;
1000x)

These forms of rhinitis are characterized by a chronic course,
with intense symptoms, and can cause local (otitis, sinusitis) or respi-
ratory (asthma, bronchial or/and rhino inflammation) symptoms, and

over time, they may evolve into nasal polyposis®?>°

(apart from
NARNE, which generally is the cytologycal expression of a damaged
mucosa by external chemical-physical noxae such as laryngeal-phar-
yngeal reflux or chlorine inhalation in swimmers)®®; these findings
need to be confirmed by further studies.

Few data are known about the epidemiology of cellular non-aller-

gic rhinitis forms, but in an unselected group of patients with non-
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allergic rhinitis, the frequencies of the different forms were as follow:
NARES 30%, NARESMA 28%, NARMA 22% and NARNE 20%.5?
Taken together, little is known about the pathogenesis of cellular
non-allergic rhinitis forms; few studies have focused on the presence
of local specific IgE, grouping these forms under the so-called Local
Allergic Rhinitis nosological entity.>” However, at present, there are
still many points to be clarified in this regard. Beyond the pathogenetic

classification, nasal cytology represents a marker of cellular presence.

12 | MIXED RHINITIS
This term refers to the overlapping of at least 2 of the previously
described forms of rhinitis: for example, allergic rhinitis concomi-
tant with cellular or infectious rhinitis. A deep and complete clini-
cal history collection is essential for the correct diagnosis of these
forms. Persistent obstructive symptoms outside the pollen season
for which the patient is sensitized should suggest a mixed rhinitis.
It is important to remember that the cytological sampling must be
performed outside the pollen season (ie, in Italy, November
appears to be the best month from this point of view for the
scarcity of pollen allergens in the air): the presence of eosinophilia
outside of the pollen period confirms the overlap with a cellular
rhinitis.>”"42

Similarly, in the case of patients allergic to dust mites, the most
common feature is the presence of a minimal persistent inflamma-
tion: an increase in eosinophilic-mast cells should suggest an overlap
with a cellular rhinitis.®

13 | CHRONIC RHINUSINUSITIS WITH
AND WITHOUT NASAL POLYPS

Knowledge and definition about Rhinosinusitis and Nasal Polyps is
significantly changed in the last decade, since 2005 when the first
European Position Paper (EP30S) was published. Nowadays, the
Chronic Rhinosinusitis (CRS) classification in CRS with (CRSwWNP)
and without nasal polyps (CRSsNP) is world-wide recognized point-
ing to differences in the respective inflammatory profiles and treat-
ment outcome.®®

The majority of the available studies are based on the histologi-
cal analysis of nasal polyps, while experiences on CRSWNP and nasal
cytology are limited, but in line with the previous literature. In fact,
Gelardi et al®*%*%? studied the presence of the inflammatory cell
population in the nasal mucosa of patients with CRSWNP and with-
out allergy, demonstrating that the most represented cell types were
eosinophils (61.8%), associated with mast cells in a further 31.9% of
patients. Furthermore, they showed the mast cells/eosinophils associ-
ation was more frequently associated to a clinical phenotype, namely
patients with polyposis, asthma and ASA-sensitivity.*

Considering that nasal polyps recur in approximately one-third of
patients after surgical treatment,®® CRSWNP phenotypes would be
helpful in depicting patients in whom we might expect recurrence and
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in predicting clinical outcome after surgery. Significant efforts have
been made to individuate some specific clinical (comorbid asthma),®”"”°
serological (high peripheral eosinophil count®®”* and histological pre-
dictors of recurrence, such as high eosinophilic infiltrates in polyps’?
and adhesion molecules (mucin 1 and CD86 stromal expression)73:
Wormald and colleagues’ recommended that the extent of mucosal
inflammatory load, especially tissue eosinophils, should be considered
as the most important indicator for functional or radical surgical
approach.”” Similarly, Uhliarova et al’® demonstrated that in patients
with CRSWNP and elevated levels of eosinophils in the nasal lavage
fluid and in nasal tissue are significantly more prone to recurrence and
therefore require higher rate of revision FESS (Functional Endoscopic

1°° demonstrated that the pres-

Sinus Surgery). Similarly, Gelardi et a
ence of eosinophils and mast cells in the nasal smears of patients with
CRSWNP is significantly related to a higher risk of polyps’ recurrence
after surgery in the long-term period, especially, when mast cells are
associated to eosinophils in the same sample. The association between
inflammatory cell types, comorbidities (asthma and ASA-sensitivity)

and allergy helped Gelardi et al®®

in clustering patients in 3 classes of
risk of recurrence of nasal polyps after surgery.

Furthermore, the inflammatory phenotype has a relevant role in
determining steroid responsiveness and surgical outcome.®® However,
the number of eosinophils, neutrophils and other inflammatory cells
vary greatly in nasal polyps, and accurate algorithms of CRSWNP clas-
sification are not clear-cut. Once identified the inflammatory pheno-
type, it is now possible to choose a tailored/personalized treatment.””

The nasal cytology pattern typically found in patients with
CRSsNP resembles that of chronic nasal infection, with evidence of
bacterial (or by other microorganisms) chronic infection, biofilm for-

mation and increased number of neutrophils.2’

14 | EFFECT OF THERAPY ON NASAL
CYTOLOGY

14.1 | Pharmacological therapy

The pharmacological therapy of allergic rhinitis must take into
account the severity and duration of the symptoms, the efficacy,
availability, and cost of the drugs and the patient's choices.

In this regard, one must keep in mind that antihistamines act
mainly on the symptom of rhinorrhea and nasal itching (the mast cel-
lular component), while steroids act on the congestion symptom (the

eosinophilic component).”®7?

14.1.1 | Antihistamines

Several studies investigating the effect of antihistamines on nasal
cytology: data are available mainly for levocetirizine,2%82? deslo-

ratadine®® and rupatadine®? as far as oral antihistamines are con-

84-86

cerned, and for azelastine hydrochloride and levocabastine

hydrochloride®” ad far as nasal sprays are concerned.

Treatment with levocetirizine or rupatadine was associated with

81,83,88 80,83

significant reduction in eosinophils and neutrophils in few
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studies, while a randomized, open-label study with levocetirizine did
not show significant reduction in nasal eosinophils both for continu-
ously and for on-demand-treated patients.5! Similar negative results
were obtained with oral desloratadine.®83

Only 3 studies investigated the effect of topical azelastine
hydrochloride on nasal cytology: in 2 of them, a significant reduction
of nasal eosinophils was found in allergic patients,®4®> while the third
one was not able to show any significant change in total cell numbers
and/or differential count in nasal lavage fluid.®¢ As far as levo-
cabastine hydrochloride, only 1 study evaluated its effect on nasal

cells showing reduced ciliary beat frequency at nasal epithelial level.®”

14.1.2 | Topical nasal corticosteroids

Both intranasal mometasone furoate and fluticasone furoate demon-
strated to induce a marked reduction in eosinophils and neutrophils

88-91 which is probably at the base of their

count in nasal smears,
efficacy in eosinophilic nasal diseases such as allergic rhinitis, NARES
or CRSWNP. Moreover, intranasal mometasone furoate seems to be
able to modify the biofilm of patients with CRSWNP.?%73

There is now the possibility of using the topical steroid-antihista-
mine combination, which is more efficacious than the steroid by itself
in controlling nasal symptoms in patients >12 years old,”® letting sup-

pose a parallel enhancement of cytological response of the 2 drugs.

14.1.3 | Antileukotrienes

Antileukotrienes use is associated, independently of other possible
concomitant drugs, with a significant reduction in eosinophilic nasal
inflammation in patients with allergic rhinitis (reduction in eosino-
phils, neutrophils and lymphocytes)”* and in CRSWNP?>%¢ (significant

reduction in mucosal eosinophils).

14.1.4 | Decongestants

Decongestants chronic use is not recommended as they can lead to
an irreversible worsening of rhinitis called “rhinitis medicamentosa,”
characterized by structural modification of nasal mucosa and cyto-
logical abnormalities such as: squamous cell metaplasia, goblet cell
hyperplasia with increased production of mucus, change from ciliated
columnar epithelial cells to non-ciliated, stratified squamous cells,

and increased number of lymphocytes and plasma cells.””

14.1.5 | Specific immunotherapy (AIT)

AIT is the only treatment that can modify the natural course of aller-
gic disease’®°? and it can be administered either subcutaneously
(SCIT) or sublingually (SLIT).

The decision to undertake a specific immunotherapy must take
into consideration the importance of the allergen, the intensity of
the disease, the availability of a standardized extract and above all,
the correlation between exposure to the allergen and the appear-

ance of the symptomes.

It is precisely in this context that nasal cytology plays an impor-
tant role, because it can reveal the cells of the immune inflammation
and link them to the symptomatology.

Thus, this process of precision medicine may be applied, prescribing,
if necessary, the appropriate immunotherapy or not, after a careful
assessment, because it would not be efficacious or only partially effica-
cious in a given patient suffering from a mixed or overlapping form.

In effect, numerous studies have shown a correlation between
cellular infiltrate and the symptomatology, thus allowing the thera-
peutic effects of both the pharmacology and the immunotherapy to
be monitored.1°0-104

Few studies on small amount of patients showed a decrease in
nasal eosinophilia and eosinophilic activity markers (together with
decrease in symptoms) in patients treated with allergy immunother-

apy both in mice'® and in humans.103105.106

14.1.6 | Systemic steroids

Their effect on nasal cytology is mainly on a significant reduction
eosinophils. In such patients, therefore, it is important to periodically
monitor the nasal cytology inflammation to reduce steroids con-
sumption to the minimum.®

15 | DISCUSSION

Nowadays, according to the knowledge about anatomo-physiological
and immunopathological mechanisms, it is possible to affirm that
nasal symptoms are the clinical expression of the presence of cells
that are normally supposed not to be present into the nasal mucosa.
Therefore, nasal cytology, being cheap, non-invasive and repeatable,
can easily be considered as part of the rhino-allergologic diagnostics.
However, for having clinically relevant results, nasal cytology should
be performed, read and interpreted by trained personnel. Many
efforts have been put, in the last 20 years, for the implementation
and the dissemination of nasal cytology as non-invasive assessment
of nasal inflammation. However, many allergy centres still do not use
routinely it, despite the evidence of its easiness, cheapness, non-
invasiveness and usefulness in clinical practice. This limits its use to
specialized centres in which trained personnel can give an additional
value to the commonly used diagnostics in rhinology.

For some diseases (ie, cellular rhinitis: NARES, NARMA, NARNA,
NARESMA...), nasal cytology represents the diagnostic gold standard
as they are not diagnosable without it. Other conditions that may be
diagnosed only by means of nasal cytology are overlapped rhinitis,
the presence of biofilm and ciliocytophthoria; moreover, nasal cytol-
ogy can give information on the activity and the efficacy of drugs
used for rhinitis and it can help the physician to phenotype CRSWNP
or CRSsNP in a “precision medicine” perspective.
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