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Abstract

the nasal and para-nasal mucosa. Due to its heterogeneous nature,
Objective:Chronic rhinosinusitis (CRS) involves inflammation of
unknown pathogenesis, and high recurrence rate, effective treatment is difficult. Nasal cytology is presently not a part of the routine
diagnosis or treatment decision for CRS.
Data sources: A literature search was performed for published papers in English between January 1990 and June 2019 using
MEDLINE.
Study selection: Terms used were chronic rhinosinusitis, eosinophils, etiology, immunopathology, inflammation, mast cells, nasal
cytology, polyps, and treatment. Both reviews and original articles were collected and studied.
Results: There is no standard nasal fluid, mucus sampling, or staining techniques for identifying inflammatory cell types. Results
were divergent from different countries. Moreover, the main focus of these papers on the cells in nasal washings was eosinophils,
with infrequent mentioning of other cell types that may imply different etiology and pathology. The heterogeneous cell profile of
CRS and the role of mast cells have been unappreciated due to the lack of specific immunohistochemical technique or study of its
unique mediators.
Conclusions: Nasal cytology could help distinguish the type and the activation state of inflammatory cells. Thus it can help in
providing a clearer picture of CRS pathogenesis, identifying different patient groups, and developing effective treatments.
Keywords: Rhinitis; Sinusitis; Nasal polyps; Nasal mucosa; Cytology; Inflammation; Eosinophils; Mast cells

Introduction With its etiology still uncertain, the current treatment of

CRS largely targets mucosal inflammation. As different cell
Chronic rhinosinusitis (CRS) is defined as inflammation of
the nose and the para-nasal sinuses, which lasts more than
3 months and is featured by nasal obstruction and nasal
discharge with or without facial pain or loss of smell. CRS
is typically classified into two types: (a) CRS with nasal
polyps (CRSwNP) and (b) CRS without nasal polyps
(CRSsNP).[1] About one-third of patients with CRS have
NP and tend to have concomitant asthma and aspirin
sensitivity. Also, they tend to have more severe symptoms,
worse quality of life (QoL), higher recurrence rates and are
more resistant to treatment.[2]
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types imply different etiology and pathology, it would be
rational to identify the inflammatory cell types for the
proper treatment.

Nasal cytology is a convenient way to assess the number
and types of inflammatory cells and could thus aid the
prognosis and treatment of CRS. In this article, the role of
different inflammatory white blood cell types in the nasal
mucosa of CRSwas reviewed, and the necessity to facilitate
nasal cytology for individualized treatment of CRS was
discussed including a specific focus on the role of mast cells
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in CRS. Studies about their density and distribution in CRS
are intriguing. The contribution of mast cells in the

variety of inflammatory mediators, cytokines and chemo-
kines, are suggested to contribute to the immune and
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pathology of CRS has been a mystery for a long time. Mast
cell stabilizer might be a therapeutic choice for at least
some specific types of CRS if mast cells are proved to
dominate or orchestrate the inflammation of CRS.

Role of Inflammatory White Blood Cell Types in CRS

Necessitates the Application of Nasal Cytology

asal cytology and treatment of choices.
The nasal mucosa is composed of pseudostratified ciliated
epithelia and serves as the doorway of the airways.
Normally, four types of cells can be identified using nasal
cytology in healthy individuals: (a) ciliated cells, (b)
mucinous cells, (c) basal cells, and (d) striated cells. Sparse
neutrophils could also be seen across the epithelium. The
detection of eosinophils (Eos) as well as bacteria, or fungal
hyphae, indicates a pathological condition. Neutrophils are
indicative of an infection that may require antibiotic
treatment, while the presence of Eos, basophils, and mast
cells is regardedas a signof allergic inflammationwhichmay
respond to corticosteroid and anti-histamine treatment.[3]

Zhang et al[4] studied the normal value of four types of
inflammatory cells, that is, Eos, neutrophils, macrophages,
and lymphocytes in nasal lavages of 500 healthy Chinese
adults. They established a normative value as 2 for Eos,
and 17 for neutrophils while basophils and mast cells were
only detected in a few cases (15/1620).

Nasal cytology has been a useful tool for understanding the
pathophysiology and phenotypes of allergic rhinitis (AR)
and non-AR and thus was recommended to be used in
CRS to indicate the possible pathology.[5,6] It has been
demonstrated that patients with Eos and mast cells
infiltration in nasal cytology had not only the worst QoL
in most periods but were also related to asthma and nasal
polyposis, which underlined the importance of this method
for diagnosis.[7,8] Nasal cytology can reveal the endotype
rather than the clinically-observable phenotype. This could
partially explain the mechanism behind why sometimes the
same treatment results in different responses and help
clinicians initiate therapeutic approaches [Table 1]. Recent
studies showed that treating the underlying inflammation
improved clinical outcomes in AR.[9,10]

CRS is characterized histologically by the infiltration of
inflammatory cells. While Eos are the major cell type found
in most CRSwNP specimens in Western countries,[11-13]

specimens from Asian nations show a greater diversity
of inflammatory cells.[14-16] Mast cells, which produce a

Table 1: Classification of the inflammatory cell types according to n
Inflammatory cell types Cellular percentage

Neutrophilic >50% of neutrophils with absent spor
bacteria

Eosinophilic >20% of eosinophils
Mast cell type >10% of mast cells
Eosinophilic and
mast cell type

>20% of eosinophils and >10% of m
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inflammatory events in CRSwNP.[17] The fact that mast
cell-deficit mice do not develop NP supported the
hypothesis that mast cells may play a critical role in
CRSwNP pathogenesis.

Gelardi suggested that inflammatory cell types in NP are
classified as eosinophilic type (Eos >20% of total cells
recovered from nasal scraping, including both inflamma-
tory and epithelial cells), mast cell type (>10% of total
nasal cells), neutrophilic type (neutrophils >50% of total
nasal cells), and eosinophilic andmast cell type (Eos>20%
and mast cells >10% of total nasal cells).[8]

Eosinophils
According to studies from Western countries, it was
concluded that most CRSwNP patients were of eosino-
philic type.[11-13] As a result, Eos are considered the main
players in the development of NP. However, tailored
treatment had only moderate effects.[18] Meanwhile,
CRSwNP in Asian countries is reported to involve
neutrophils infiltration. The eosinophilic type was found
to be less than 30% to 50% in Japan and Korea,[14,15] and
less than 30% in the mainland of China.[16] CRS is further
divided into “eosinophilic” and “non-eosinophilic.”
CRSwNP with or without eosinophil infiltration within
NP is known as ECRSwNP and non-ECRSwNP. CRSsNP
with or without eosinophil infiltration within mucosa is
known as ECRSsNP and non-ECRSsNP [Figure 1]. There
is still inconsistency in the definition of the eosinophilic
type. Kountakis suggested that mucosal eosinophilia is
defined as more than 5 Eos/high power fields (HPF).[19]

Soler defined it as more than 10 Eos/HPF,[20] while some
Japanese studies defined mucosal eosinophilia as ≥70,
>100, or >120 Eos/HPF.[14,21,22] Thus, the definition of
eosinophilic infiltration is still uncertain, which may bring
in confusion in diagnosis and treatment.

ECRSwNP is considered to be associated with asthma,
aspirin intolerance, fungal rhinosinusitis, severe symp-
toms, resistance to treatment, and a higher recurrence rate
after surgery.[15] Lou et al[23] suggested that >27% of
tissue Eos percentage or an absolute count of>55 Eos/HPF
could predict recurrence with a sensitivity of 96.4% and a
specificity of 92.7%. Another study showed CRSwNP
patients with ≥70 Eos/HPF had the highest recurrence
rate.[24]McHugh et al recommended a cut-off value of>55
Eos/HPF for predicting the likelihood of recurrence of
ECRS based on the results of one meta-analysis.[25]
Treatment of choices

es and Antibiotics

Corticosteroid; anti-histamine; anti-leukotriene
Mast cell stabilizer; corticosteroid; anti-histamine

ast cells Mast cell stabilizer; corticosteriod; anti-histamine
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Neutrophils and lymphocytes Mast cells are multifunctional cells mostly related to
allergies.[38] Mast cells have been recognized as important

CRS 

CRS with NP (CRSwNP) CRS without NP (CRSsNP) 

With Eos 
ECRSwNP 

Without Eos 
Non-ECRSwNP 

With Eos 
ECRSsNP 

Without Eos 
Non-ECRSsNP 

Figure 1: Sub-division of chronic rhinosinusitis (CRS) with/without nasal polyps (NP) and/or eosinophils (Eos). CRSwNP: Chronic rhinosinusitis with nasal polyps; CRSsNP: Chronic
rhinosinusitis without nasal polyps; ECRSwNP: Chronic rhinosinusitis with nasal polyps with eosinophil dominated; Non-ECRSwNP: Chronic rhinosinusitis with nasal polyps without
eosinophil dominated; ECRSsNP: Chronic rhinosinusitis with nasal polyps without eosinophil dominated; Non-ECRSsNP: Chronic rhinosinusitis without nasal polyps without eosinophil
dominated.
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Neutrophils are known to increase in CRSsNP, CRSwNP,
and severe asthma.[26] CRSwNP is more common with
neutrophils in Asian patients and is resistant to cortico-
steroid.[18] The mechanisms of neutrophils accumulation
are not yet confirmed. Pothoven et al reported that
neutrophils were a major producer of the epithelial barrier-
disrupting cytokine oncostatin M in CRS.[27]

T cells have been implicated in the pathogenesis of CRS. It
has been shown that the sinus mucosa in CRSwNP was
characterized by a significant infiltration of CD8+ T cells
and a relative decrease of CD4+ T cells, even though there
was no significant difference in peripheral blood T cells
between CRSwNP, CRSsNP, and healthy controls.[28,29]

The T cell profile in CRSsNP also seemed similar to that
of control samples.[30] Kim et al showed that regulatory
T cells were decreased in NP of CRSwNP compared with
CRSsNP.[31] B cells were increased in the sinus mucosa of
CRSwNP compared to patients with CRSsNP, and there
was no correlation with the increased number of
circulatory B cells.[32]

Mast cells and basophils
239
Mast cells and basophils are both metachromatic cells that
share a lot in common while having differences.[33] Both
mast cells andbasophils canbedetected fromnasal secretion
and the nasal mucosa, and mast cells account for more
than 80% of the metachromatic cells in nasal scrapings,
with basophils more predominant in nasal secretion.[34-36]

Basophils may play a key role in the pathogenesis of ECRS.
Basophil count increased significantly in NP from patients
with ECRS and is positively correlated with the severity of
Lund-Mackay scores.[37]
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mediators in allergic inflammation, as well as other
inflammatory conditions[39,40] such as autism and
psoriasis.[41,42]

The role of the mast cell in the pathogenesis of CRS andNP
has been a mystery for a long time. Studies about its
density, distribution in CRS are intriguing partially due to
the insufficient efforts in the detection of mast cells.

Recent studies supported that mast cells may play a role in
the development of NP in CRS. Mice with mast cells
deficiencies did not develop polypoid changes in the nose
and sinuses.[43] The number of mast cells increased in NP of
both ECRS and non-ECRS. The number of mast cells and
the expression ofmast cell tryptasemRNAwere increased in
ECRS and non-ECRS polyps in Japanese patients with
CRSwNP.[44] Percentages of mast cells in the sinonasal
mucosa of CRSwNP patients were elevated as compared to
CRSsNP patients, regardless of atopic status.[45]

Mast cell secretion was also increased in NP. Histamine
level was found to have increased in polyp fluid than in
serum.[46] Tryptase protein was elevated in NP, nasal
lavage fluids, and nasal secretion from patients with
CRSwNP.[47] The number of mast cells positive for both
tryptase and chymase and activated mast cells was
increased in eosinophilic CRSwNP.[48] The expression
of prostaglandin D2 ( PGD2) was up-regulated in NP
compared to the normal nasal mucosa.[49]

Mast cells can produce an abundance of cytokines that
activate Eos such as interleukin 5 (IL-5), granulocyte-
macrophage colony-stimulating factor, eotaxin, and
regulated on activation, normal T cell expressed and
secreted (RANTES).[50] By releasing different kinds of
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cytokines, mast cells may be the initial effector cells which
recruit and activate other inflammatory cells, such as Eos

Conclusions

1. FokkensWJ, Lund VJ,Mullol J, Bachert C, Alobid I, Baroody F, et al.
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and play a key role in orchestrating the development of
NP.[51]

The roles of mast cells in CRS and NP have been
controversial, partially because of the adoption of
detection methods. Mast cells were described by Ehrlich
in 1879 as cells containing granules which stain meta-
chromatically with a basic dye. Basic dyes like toluidine
blue or Alcian blue have been the classical methods for
identifying mast cells ever since.

Problems with basic dye included mainly two parts, one is
formaldehyde-fixing would lead to some loss of the stain,
and the other problem is mast cells loss of the stain after
degranulation which leads to underestimating of the
numbers of mast cells.

Immunohistochemistry with antibodies advances the
technology of mast cell detection. Mediators stored in
the granules of mast cells (tryptase, chymase, carboxy-
peptidase) and immunoglobulin E (IgE) and the mem-
brane component c-kit have been used as markers for
mast cell detection, with c-kit being the only non-granule-
associated.

Nasal Cytology Could Help Identify More Precise Treatments
Currently, the treatments of CRS and NP primarily focus
on symptoms because of the unknown etiologies. Nasal
cytology may provide some insight into the immune-
inflammatory profile of CRS, thus providing more specific
guidance on treatment. One study showed NP had similar
cellular composition to that of the mucosa.[52]

Nasal cytology is easy to perform, minimally-invasive,
relatively low-cost, and can be repeated in the same subject
at short intervals, therefore it qualifies as a convenient way
to assess the number and type of inflammatory cells and
help with diagnosis and treatment of CRS. Mast cell
stabilizers can be considered as treatment solutions for
CRS subsequent to the approval of the hypothesis that
mast cells are causal to the inflammation underlying CRS.

Nasal Cytology Needs to be Standardized
240
Samples should be collected from the middle portion of the
inferior turbinate where the ratio of ciliate/mucinous cells
is expected to be well balanced. The sample is usually
immediately smeared on a glass slide and air-dried. Then,
the slide should be stained with May-Grunwald-Giemsa.
This staining method allows us to easily identify all
the cellular components along with bacterial and fungal
spore/hyphae.[3]

Although the diagnostic value of nasal cytology is well
known, different evaluation systems and unstandardized
procedures make it difficult to be adopted as a reliable
guideline.[1] Several new studies aimed to standardize the
nasal secretion collectionmethods and explore the adoption
of nasal cytology for the guidance of treatment of
options.[10,53,54]

2

CRS is a heterogeneous chronic inflammatory disease of
the sinonasal cavities. The precise etiology of CRS is still
unknown and there is currently no way to prevent its
progression or relapses. Nasal cytology is a simple tool to
reflect the inflammation profile of CRS and, if standard-
ized, could lead to a better understanding of the
pathophysiology and better treatment. Immunohistochem-
ical methods need to be used to accurately detect all
inflammatory cells. A closer look at the activation of mast
cells and secretion of mediators could help understand
CRS pathogenesis and contribute to the development of
more effective therapies.
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