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Purpose: Nasal cytology is important in the diagnosis and treatment of nasal inflammatory diseases. Treatment of allergic rhinitis (AR) according to
nasal cytology has not been fully studied. We plan to explore the individualized treatment of AR according to nasal cytology. Methods: Nasal cytol-
ogy from 468 AR patients was examined for inflammatory cell quantity (grade 0-5) and the percentage of neutrophils and eosinophils. Results were
subdivided into the following categories: AR(Eos), eosinophil =50% of the whole inflammatory cells; AR(Neu), neutrophils =90%; AR(Eos/Neu),
10% =< eosinophil <50%; AR(Low), grade 0/1 inflammatory cell quantity. Nasal cytology-guided treatment was implemented: all AR(Eos) patients
(n=22) and half of the AR(Neu) patients (AR[Neu1], n=22) were treated with mometasone furoate spray and oral loratadine. Another half of the
AR(Neu) patients (AR[NeuZ], n=22) were treated with oral clarithromycin. Visual analog scale (VAS), symptom scores, and nasal cytology were eval-
uated 2 weeks before and after treatment. Results: There were 224/468 (47.86%) AR(Eos), 67/468 (14.32%) AR(Neu), 112/468 (23.93%) AR(Eos/
Neu), and 65/468 (13.89%) AR(Low) of the AR patients studied. There were no significant differences in clinical characteristics among these sub-
groups, except that the nasal blockage score was higher in AR(Eos) patients than in AR(Neu) patients (1.99 vs 1.50, P=0.02). Comparing AR(Eos) pa-
tients with AR(Neu1) patients 2 weeks after treatment, nasal symptoms and VAS were significantly lower in AR(Eos) patients, except for nasal
blockage symptoms (P<0.05 of nasal itching and sneezing; P<0.01 for nasal secretion, total scores, and VAS). Comparing AR(Neu1) with AR(Neu?2)
patients, nasal symptoms, and VAS were significantly lower in AR(Neu?2), except for nasal blockage and nasal itching symptoms (P<0.05 for nasal
secretions, sneezing, total score, and VAS). Conclusions: Nasal cytology may have important value in subtyping AR and optimizing AR treatment.
Treating neutrophils is very important in AR patients with locally predominant neutrophils.
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INTRODUCTION

Nasal cytology directly reflects nasal inflammation and is an
important tool for the diagnosis and treatment of rhinitis.' There
are several possible collection methods for nasal cytology, in-
cluding nasal smear, swab, scraping, and irrigation. Each sam-
pling method may reflect inflammation of different layers of the
nasal mucosa: smear or lavage—surface secretion, scraping—
epithelium, brush—between secretion and epithelium, biopsy
—all layers.” However, the use of nasal cytology in clinic is limit-
ed by the complicated nature of the procedure, variable results,
and lack of a standardized grading system."?

In most allergic rhinitis (AR) guidelines, the diagnostic criteria
for AR include typical atopic history and nasal symptoms (nasal
itching, sneezing, watery secretions, and nasal obstruction) as
well as documented sensitivities to aeroallergens by skin prick
or serum specific immunoglobulin E (IgE) testing. Treatment
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plans are according to the subjective evaluation of symptoms.
Objective indices of local inflammation are not commonly in-
corporated to guide treatment.*

Eosinophils are an important marker of allergic inflammation.
Most drugs (corticosteroids, anti-leukotrienes, and anti-hista-
mines) are focused on controlling eosinophilic inflammation in
the treatment of AR.** Recently, researchers have explored the
role of neutrophils in allergic inflammation and disease, espe-
cially in severe asthma patients.® The high-affinity receptors for
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immunoglobulin E (FceRI) are expressed on human neutrophils
in asthma, which may be enhanced by stimulation with specific
allergens.”® These studies provide a possible new mechanism
by which neutrophils contribute to allergic diseases. Since neu-
trophils are relatively steroid-resistant, local or oral corticoste-
roids are minimally effective in the treatment of this neutrophil-
icinflammation.*"’

The expression of neutrophils in AR patients and the influence
of neutrophilic inflammation in the current treatment of AR are
not well understood. In this study, we observed the nasal cytol-
ogy of house dust mite (HDM)-sensitive AR patients in clinic.
We also investigate the utility of nasal cytology in guiding the op-
timal treatment of AR, especially for AR patients with predomi-
nantly neutrophilic infiltrates.

MATERIALS AND METHODS

Study subjects

Patients who had at least 2 perennial nasal symptoms (nasal
obstruction, secretion, nasal itching, and sneezing) for at least 1
year were considered for inclusion. Patients with a history of re-
cent “cold” or other respiratory infection, or with symptoms of
thick, yellow, or green nasal secretions were excluded. Anterior
rhinoscopy and nasal endoscopic examination were used to ex-
clude infection in each patient. Computerized tomography (CT)
scan was taken to exclude the inflammation of the nasal sinus-
es if necessary. All patients were sensitized to HDM, diagnosed
by either positive skin prick tests or positive serum specific IgE
(sIgE) to HDMs (=0.7 KUA/L). The allergen extract used in skin
prick testing for HDM was manufactured by ALK (Hersholm,
Denmark), and serum sIgE test products were from the Ther-
mo Fisher Scientific (Waltham, MA, USA). Patients with atypi-
cal symptoms were examined by 2 experienced physicians to
confirm the diagnosis.

Visual analog scale (VAS) scores were assessed by each patient,
with “0” indicating no troublesome nasal symptoms, and “100”
indicating the worst thinkable troublesome nasal symptoms.
The severity of nasal symptoms (nasal blockage, nasal itching,
secretions, and sneezing) were recorded as follows: 0=sysmp-
tomless, 1 =mild, 2=moderate, and 3=severe.

Informed consent was obtained from all patients or the guard-
ians of patients less than 18 years old. This study was approved
by the Ethics Committee of Tongji Medical College of Huazhong
University of Science and Technology (register No. ChiCTR-OPN-
15006592).

Methods of nasal cytology

All patients denied the use of nasal or systemic corticosteroids,
antihistamines, nasal cromoglycate, anti-leukotrienes, or anti-
biotics for at least 14 days prior to initiation of the study. None
of the patients had ever received immunotherapy. We compared
different methods of nasal cytology, and selected nasal smear
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with glass stick (NSGS) as the sampling method in this study
(see Supplementary Table 1). The procedure of NSGS is as be-
low: First, asking the patients to blow their nose, even if they
have no obvious secretions. Then, place a thin glass stick into
the nasal vestibule or the anterior part of the nasal cavity if nec-
essary, gently rotate the stick, and let the secretions attach.
Avoid rubbing the surface of the nasal mucosa as much as pos-
sible. Take the stick out and smear a thin layer on a slide, cover-
ing 2/3 of it. If the secretion is not enough to cover the demand-
ed area, sampling can be repeated. If the patient has no secre-
tions at all, the smear should be done another time. The slides
were air dried, stained with Wright-Giemsa, and examined with
a light microscope. Cells were counted and categorized as epi-
thelial cells, neutrophils, eosinophils, or other types of inflam-
matory cells. Since other types of inflammatory cells except
neutrophils and eosinophils were very low (less than 3% of the
whole inflammatory cells on average), we focused on neutro-
phils and eosinophils in this study.

Grading system for nasal cytology using NSGS

The grading system for subtyping different groups was devel-
oped in accordance with other reports and the expertise of the
investigators.''?

Inflammatory cell quantity: the whole slide was browsed. The
average number of inflammatory cells (neutrophils and eosin-
ophils) per field (X 100) was graded as: 1) grade 0, inflammato-
ry cells <10 per field; 2) grade 1, inflammatory cells 10-49 per
field; 3) grade 2, inflammatory cells 50-149 per field; grade 3, in-
flammatory cells 150-299 per field; and 4) grade 4, inflammato-
ry cells =300 per field.

Eosinophil vs neutrophil cell counts: the percentage of neu-
trophils and eosinophils per 100 inflammatory cells were calcu-
lated if the quantity grade was =2. The exact percentage was
not calculated if the quantity grade was <2. Since the current
study was focused on AR, patients were subdivided according
to the percentage of inflammatory cells: 1) AR(Eos): eosinophils
>50% of whole inflammatory cells; 2) AR(Neu): neutrophils
>90% of the whole inflammatory cells; 3) AR(Eos/Neu): 10% <
eosinophils <50% of the whole inflammatory cells; and 4) AR(Low),
grade 0 or grade 1 inflammatory cell quantity (only a rough im-
pression was given).

The typical slides of different cell distributions are shown in
Fig. 1.

Nasal cytology of AR patients in clinic

AR patients that met the inclusion criteria above were recruit-
ed for 1 year. Basic characteristics, symptoms, and nasal cytolo-
gy were recorded. The AR patients were subdivided as AR(Eos),
AR(Eos/Neu), AR(Neu), and AR(Low) as defined above.

Nasal cytology results as a guide for the treatment of AR
We focused on the treatment of AR(Neu) patients in this study.
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We recruited AR(Neu) patients (=6 years old) to investigate the
role of nasal cytology results in guiding treatment. Part of AR(Eos)
patients (=6 years old) were also recruited. The slides were ob-
served by a skillful technician and completely blinded. If the
patient was diagnosed as AR(Neu), he/she was randomly dis-
tributed in the AR(Neul) or AR(Neu2) group. For patients in the
AR(Neul) group, nasal spray with mometasone furoate once
daily (<12 years: 1 spray each nostril, once daily; =12 years: 2
sprays each nostril, once daily) and oral loratadine once daily
(<12years: 5 mg, once daily; =12 years: 10 mg, once daily) were
given. For patients in AR(Neu2) group, oral clarithromycin twice
daily (<12 years: 125 mg, twice daily; =12 years: 250 mg, twice
daily) were given. If the patient was diagnosed as AR(Eos), he/
she was distributed in the AR(Eos) group and use the same treat-
ment as the AR(Neul) group. Other treatments than above ones
were not used during the course of the observation. All patients
were treated for 2 weeks. The symptoms scores and VAS were
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Fig. 1. The typical slides of different cell distributions in AR. (A) AR(Eos): eosin-
ophils =50% of whole inflammatory cells. (B) AR(Eos/Neu): 10% < eosinophils
<50% of whole inflammatory cells. (C) AR(Neu): easinophils <10% of the whole
inflammatory cells. (D) AR(Low): grade 0 or grade 1 inflammatory cell quantity.
AR, allergic rhinitis.

AR patients met the
inclusion criteria

Nasal cytology with
NSGS (blinded)

Nasal Cytology in Allergic Rhinitis

recorded before the treatment, and 1 and 2 weeks after the treat-
ment. Nasal cytology was taken before the treatment, and 2 weeks
after the treatment. The flow diagram is shown in Fig. 2.

We evaluated the effectiveness of AR(Neu) treatment with dif-
ferent treatment schedules through comparing the AR(Neul)
and AR(Neu2) groups. We evaluated the effectiveness of the clas-
sic treatment on AR(Neu) through comparing the AR(Neul) and
AR(Eos) groups.

Statistical analysis

Descriptive parameters are expressed as mean + standard de-
viation (SD). An analysis of variance (ANOVA) test was used to
compare clinical characteristics (nasal symptoms, VAS, etc.) be-
tween individual groups: the AR(Eos), AR(Eos/Neu), and AR(Neu),
AR(Low) groups. Paired ¢ test was used to compare changes in
symptoms and cell numbers before and after treatment. A P val-
ue of P<0.05 was considered statistically significant. SPSS ver-
sion 21.0 (SPSS Inc., Chicago, IL, USA) was used for all analyses.

RESULTS

Nasal cytology in AR patients

There were 493 AR patients met the inclusion criteria of the
current study. Nasal cytology samples were successfully taken
from 468 AR patients. Twenty-five patients had unsuccessful
samples all of whom were not so cooperative children. Clinical
characteristics and nasal cytology results are shown in Table 1.

The AR(Eos) group comprised 224/468 (47.86%) of all AR pa-
tients, in which the percentage of eosinophils was 86.7% + 15.0%.
This indicates that approximately half of all AR patients had a
predominance of eosinophils in their nasal secretions. Howev-
er, the AR(Neu) group comprised 67/468 (14.32%), in which the
percentage of neutrophils was 96.00% £ 4.17%. Also, 112/468
(23.93%) patients belonged to the AR(Eos/Neu) group, in which
the percentages of neutrophils and eosinophils were 77.23%
and 28.77%, respectively. The AR(Low) group comprised 65/468
(13.89%) of all AR patients, which had very few inflammatory
cells in nasal secretions. There were no significant differences

AR(Eos): nasal spray with
mometasone furoate and oral
loratadine

Evaluate standard treatment
for AR(Eos) and AR(Neu)

AR(Neu1): nasal spray with
mometasone furoate and oral
loratadine

Evaluate different treatment
for AR(Neu)

‘ AR(Neu2): oral clarithromycin

The medicine was used for 2 weeks. The symptoms scores, VAS
and nasal cytology was recorded before and after treatment.

Fig. 2. The flow diagram of treatment of AR according to nasal cytology. AR, allergic rhinitis.
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Table 1. AR subgroups according to nasal cytology

Volume 9, Number 5, September 2017

Characteristics AR(Eos) AR(Eos/Neu) AR(Neu) AR(Low)
No. (%) 224/468 (47.86) 112/468 (23.93) 67/468 (14.32) 65/468 (13.89)
Gender (male) 132(58.93) 70(62.50) 49(73.13) 34(52.31)
Age (year) 18.76 1460 15.64+14.23 15.06+14.03 18.59+12.39
History (year) 3.24+2.95 321+2.30 295+254 3.86+2.40
Asthma 24(10.71) 10(8.93) 6(8.96) 4(6.15)
VAS 61.85+20.56 59.38+22.23 56.73+23.66 55.25+22.03
Nasal blockage 1.99+0.79% 1.71+£1.00 1.50+0.80 1.60+0.68
Nasal itching 153+0.77 1.42+0.58 150+0.74 1.65+0.59
Nasal secretion 1.70+0.76 1794051 173077 1.75+0.79
Sneezing 1.774061 1.63+0.71 159+0.73 1.60+0.88
Total score 6.99+1.92 6.54+2.21 6.32+242 6.60+1.93
Eos % 86.70+15.00 28.77+1161 400+4.17

Neu % 13.30+15.00 71.23+1161 96.00+4.17

Inflammatory cell grade and 2.85+0.52 2.79+0.54 320059

distribution

(grade 2: 49, grade 3: 159,

grade 4: 16)

(grade 2: 31, grade 3: 74,

grade 4:7)

(grade 2: 6, grade 3: 41,

grade 4: 20)

(grade 0: 5, grade 1: 60)

Data are shown as mean = SD or number (%).
AR, allergic rhinitis; VAS, visual analog scale; SD, standard deviation.

*Compared to AR(Neu), P=0.02; "Compared to AR(Eos) and AR(Eos/Neu), P<0.01.

in clinical characteristics between the subgroups except that
the nasal blockage score was higher in the AR(Eos) group than
in the AR(Neu) group (1.99 vs 1.50, P=0.02) and that the inflam-
matory cell grade was higher in the AR(Neu) group than in the
other subgroups (P<0.01). The average percentage of neutro-
phils and eosinophils were 36.95% and 48.95%, respectively, in
all AR patients. The distribution of inflammatory cell quantity
grades in all AR patients were as follows: grade 0=5; grade 1=60;
grade 2=86; grade 3=274; and grade 4=43.

Treatment of AR based upon nasal cytology results

There were 66 patients recruited for treatment observation: 22
in the AR(Eos) group, 22 in the AR(Neul) group, and 22 in the
AR(Neu2) group). There were no significant differences in clini-
cal characteristics among the subgroups, except that the nasal
blockage score was higher in the AR(Eos) group than in the AR
(Neul) group (P=0.014) and in the AR(Neu2) group (P=0.048)
(Table 2).

Comparing the AR(Eos) and AR(Neul) groups 2 weeks after
treatment, nasal symptoms and VAS were significantly lower in
the AR(Eos), except for nasal blockage symptoms (P<0.05 for
nasal itching and sneezing; P<0.01 each for nasal secretion, to-
tal scores, and VAS) (Fig. 3). The inflammatory cell quantity grade
decreased significantly after treatment in the AR(Eos) group
(P<0.01), but not in the AR(Neul) group. The percentage of eo-
sinophils decreased significantly in both groups (P<0.01). The
percentage of neutrophils increased significantly in the AR(Eos)
group (P<0.01), but not in the AR(Neul) group (Fig. 4).

Comparing the AR(Neul) and AR(Neu2) groups 2 weeks after
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Tahle 2. General characteristics of the AR(Eos), AR(Neu1), and AR(Neu2)
groups

Characteristics AR(Eos) AR(Neu1) AR(Neu2)
No. 22 22 22
Gender (male) 12 (54.55) 16 (72.73) 17(77.27)
Age (year) 1559+1153 1586+1331 158241224
History (year) 2.83+2.09 3.08+2.29 3131245
Asthma (%) 2(9.10) 3(13.64) 2(9.10)
VAS 597242068 583212664 59.91+24.10
Nasal blockage™ 2.22+073 164+0.85 1.594+0.80
Nasal itching 1.67+0.84 1.59+0.80 1.5540.60
Nasal secretion 1.72£0.75 1.73£0.83 1.77£0.75
Sneezing 1.78+0.65 16810.72 1.68+0.84
Total score 7.39+2.03 6.64+£2.17 6.59+2.04
Eos % 9101+£1336  4.73£4.15 3.861+4.08
Neu % 89941336 9527+415  96.141+4.08

Inflammation cell grades ~ 3.0540.58 314077 323%0.75

Data are shown as mean = SD or number (%).

AR, allergic rhinitis; VAS, visual analog scale; SD, standard deviation.

*The score of AR(Eos) was higher than that of AR(Neu1) (P=0.014) and AR(Neu?2)
(P=0.048).

treatment, nasal symptoms and VAS were significantly lower in
the AR(Neu2) group, except for nasal blockage and nasal itch-
ing symptoms (P<0.05 each for nasal secretions, sneezing, total
score, and VAS) (Fig. 3). The inflammatory cell quantity grade
decreased significantly in the AR(Neu2) group (P<0.01). The
percentage of eosinophils increased significantly in the AR(Neu2)
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Fig. 3. Changes in nasal symptoms in the AR(Eos), AR(Neu1), and AR(Neu2) groups before and after treatment. (A) VAS. (B) Nasal blockage. (C) Nasal itching. (D) Na-
sal secretion. (E) Sneezing. (F) Total scores. AR, allergic rhinitis; VAS, visual analog scale. *P<0.05; 'P<0.01.
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Fig. 4. Changes in nasal cytology in the AR(Eos), AR(Neu1), and AR(Neu2) groups before and after treatment. (A) Neutrophils. (B) Eosinophils. (C) Inflammatory cells

grade. AR, allergic rhinitis. *P<0.05; 'P<0.01.

group (P<0.01). The percentage of neutrophils decreased sig-
nificantly in the AR(Neu2) group (P<0.01) (Fig. 4). The nasal
cytology in the AR(Neul) group was described above.

DISCUSSION

The optimal method of collecting nasal cytology specimens
should be minimally invasive, reliable, well tolerated by most
patients, easy to perform in clinic, and produce enough inflam-
matory cells for analysis.”* We compared several different nasal
cytology collection methods and found that NSGS was easy to
take and had good reliability (see Supplementary).

In this study, we examined nasal cytology results in HDM-sen-
sitive patients with perennial AR using NSGS. We found that the
mean percentages of neutrophils and eosinophils in nasal smears
of AR patients were 36.95% and 48.95%, respectively. Although
eosinophils consisted of the majority of inflammatory cells in
the nasal secretion of most AR patients, neutrophils were found
to be increased in some patients, especially for 14.32% of the
AR(Neu) patients in the current study who had airway inflam-
mation with predominantly neutrophilic infiltrates. There have

Allergy Asthma Immunol Res. 2017 September;9(5):403-409. https:/doi.org/10.4168/aair.2017.9.5.403

been many studies about nasal cytology of AR patients. Howev-
er, all the aforementioned studies have not reported the charac-
teristics of AR patients who possess different local nasal inflam-
matory cells.">'*15

Some studies also showed the increasing participation of neu-
trophils during allergic inflammation. Ciprandi et al.' found a
larger number of neutrophils as compared to eosinophils in na-
sal mucosa after continuous, low exposure to HDM. A peak in
the number of neutrophils was found during the period of max-
imal HDM- allergic inflammation."* It is reported that Der p has
anti-apoptotic effects on neutrophils through the toll-like re-
ceptor 4 (TLR4)/protein kinase C (PKC)d/extracellular signal-
regulated kinase (ERK)/nuclear factor-kappa B (NF-«B) path-
way, which may prolong the survival time of local neutrophils."”
In addition, interleukin (IL)-17 is increased in AR patients, which
could recruit a large number of neutrophils.”® Fransson et al.”
showed a positive correlation between increased neutrophil quan-
tity in nasal secretions and nasal secretion symptom scores. They
also stated that both the total nasal symptom scores and secre-
tion scores correlated with the number of neutrophils in lavage
fluids after allergen provocation, whose potential mechanism
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may be the release of proteolytic enzymes (histamine, cathep-
sin G, and elastase) from neutrophil granules.

Medications recommended by current guidelines for the treat-
ment of AR may not reduce the inflammation caused by neutro-
phils. Benson et al.* found that there was a significant decrease
in IL-4, IL-6, eosinophilic cationic protein (ECP), and IgE, after
topical corticosteroid treatment in AR patients, while no signifi-
cant changes in the levels of IFN-gamma, IL-1beta, TNF-alpha,
or neutrophils. Other studies have shown similar results.**

Since AR(Neu) and AR(Eos) patients had similar clinical char-
acteristics, it would be difficult to differentiate these patients
solely by history and physical examination. Similar treatments
would be given to these patients in accordance with current
guidelines. In this study, we treated the AR(Eos) and AR(Neul)
groups with the same nasal corticosteroid and antihistamine.
After treatment, the nasal symptoms scores and VAS decreased
significantly in the AR(Eos) group as compared to the AR(Neul)
group, except for nasal blockage (This may be explained by the
higher baseline score of nasal blockage in the AR[Eos] group as
compared to the AR[Neul] group). Although the eosinophils
decreased significantly in both groups, the symptoms did not
relieve much in the AR(Neul) group. The reason for this may
be that there were a large amount of neutrophils locally in the
AR(Neul) group and not influenced by the treatments. This sug-
gests that standard treatments would be much less effective in
AR(Neu) patients than AR(Eos) patients.

We explored the treatment of AR(Neu) patients with a differ-
ent schedule in this study. Clarithromycin was selected due to
its anti-inflammatory and immunomodulatory properties, es-
pecially for neutrophilic inflammation.”® Although it is not rec-
ommended in the guideline of AR, we use it according to its me-
chanism. Two weeks after treatment, VAS, total scores, nasal se-
cretions, and sneezing symptoms were much more improved
in the AR(Neu2) group, which received clarithromycin solely,
as opposed to the AR(Neul) group. Although the percentage of
eosinophils increased in the AR(Neu2) group after treatment,
VAS and nasal symptoms were still more relieved in the AR(Neu2)
group than in the AR(Neul) group. This might be due to a tre-
mendous decrease in neutrophils and neutrophilic inflamma-
tion in the nasal membrane. This implies the importance of treat-
ing neutrophilic inflammation in AR(Neu) patients.

Since neutrophils in AR was not fully studied in clinic, it was
also quite important to differentiate AR(Neu) and “AR with tran-
sient infection”” First, in AR(Neu) patients, there were no history
of recent “cold” or other respiratory infection. Meanwhile, AR(Neu)
patients often had hypersensitive symptoms (sneezing and itch-
ing nose), very similar to those of other AR patients. However,
in “AR with transient infection” patients, a history of recent “cold”
or other respiratory infection could usually be found, and their
symptoms were more like infectious rhinosinusitis (nasal ob-
struction and purulent secretion). Secondly, the symptoms of
AR(Neu) patients lasted for months, even for years. Although
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they used the classic medicines (such as anti-histamine, nasal
steroid, and anti-leukotriene, etc.) for a long time, their symp-
toms relieved limitedly and were recurrent. In “AR patients with
transient infection,” nasal obstruction and purulent secretion
were transient, which shifted to nasal hypersensitive symptoms
after antibiotic use. The symptoms were changeable even with-
out treatment. Nevertheless, AR(Neu) and “AR with transient
infection” could not be completely differentiated without ob-
jective indicators, which need further studies in the future.

In conclusion, NSGS is a non-invasive, reliable, simple meth-
od for nasal cytology. Subtyping of AR patients using nasal cy-
tology may play an important role in optimizing and individu-
alizing AR treatment. Treating neutrophils is very important in
AR patients with predominantly neutrophilic infiltrates. Further
studies are needed to elucidate the exact mechanism of neutro-
philsin AR.
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