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1 | INTRODUCTION

Chronic rhinitis (CR) is defined as a symptomatic inflammation of the

nasal mucosa, characterized by two or more symptoms, including

| Luo Zhang'%?

Abstract

Background: Chronic rhinitis (CR) is currently regarded as a syndrome, which pre-
sents as several endotypes. The aim of this study was to identify the CR endotype
clusters and investigate the inflammatory patterns associated with the different
endotypes.

Methods: A total of 259 CR patients and 20 control subjects were enrolled in this
prospective study. Twelve clinical variables were analyzed using cluster analysis and
five inflammatory variables were measured to investigate the inflammatory patterns
associated with the different clusters.

Results: Six endotype clusters of CR were defined in the Chinese CR patients.
Patients in cluster 1 (38.6%) were diagnosed as allergic rhinitis (AR) without asthma,
and in cluster 2 (13.5%) as AR with asthma, with all demonstrating positive results
for local eosinophils and high levels of local and serum IgE. Similarly, patients in
cluster 3 (18.6%) were diagnosed as nonallergic rhinitis with eosinophilia syndrome
(NARES) without asthma and in cluster 5 (5.0%) as NARES with asthma, with all
demonstrating positive results for local eosinophils, and negative results for both
local and serum IgE. Patients in cluster 4 (4.6%) were diagnosed as local allergic
rhinitis and showed positive results for local eosinophils and local IgE, but negative
results for serum IgE, whereas patients in cluster 6 (19.7%) were diagnosed as idio-
pathic rhinitis because of high symptoms scores, but negative findings for local eosi-
nophils, local IgE, and serum IgE.

Conclusions: Chinese CR patients may be clustered into six endotypes with differ-
ent inflammatory patterns, which may help in delivering individualized treatment.

KEYWORDS
chronic rhinitis, cluster analysis, endotype, local IgE, serum IgE

nasal congestion, anterior or posterior rhinorrhea, sneezing and itch-
ing for at least 1 hour daily and for more than 12 weeks per year.>2
CR is one of the most common diseases with a considerable financial
burden globally.>* The morbidity of CR is high, with earlier studies
estimating up to about 30% of the total population being affected.®

Abbreviations: AR, allergic rhinitis; ECP, eosinophil cationic protein; IR, idiopathic rhinitis;

Moreover, CR has been shown to be associated with chronic rhinosi-

LAR, local allergic rhinitis; LTC4, leukotriene C4; NARES, nonallergic rhinitis with

eosinophilia syndrome; SP, substance P; VIP, vasoactive intestinal peptide.

nusitis and is a risk factor for asthma. Indeed, CR adversely impacts

720 | © 2018 EAACI and John Wiley and Sons A/S.
Published by John Wiley and Sons Ltd.

wileyonlinelibrary.com/journal/all Allergy. 2019;74:720-730.


https://orcid.org/0000-0003-0646-5135
https://orcid.org/0000-0003-0646-5135
https://orcid.org/0000-0003-0646-5135
https://orcid.org/0000-0002-0910-9884
https://orcid.org/0000-0002-0910-9884
https://orcid.org/0000-0002-0910-9884
http://www.wileyonlinelibrary.com/journal/ALL
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fall.13640&domain=pdf&date_stamp=2018-11-18

MENG ET AL.

c1
AR without asthma
High ECP
High LTC4

c2
AR with asthma
High ECP
High LTC4

c4
LAR
High histamine
High LTC4

GRAPHICAL ABSTRACT
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Chinese CR patients could be clustered into six endotype clusters, including: (1) Allergic rhinitis without asthma; (2) Allergic rhinitis with

asthma; (3) nonallergic rhinitis with eosinophilia syndrome (NARES) without asthma; (4) local allergic rhinitis; (5) NARES with asthma; (6) idio-

pathic rhinitis. Clusters 1, 2, 3 and 5 demonstrated significantly higher levels of eosinophil cationic protein and leukotriene C4 (LTC4); whereas

cluster 4 demonstrated significantly higher levels of histamine and LTC4. Similarly, Cluster 6 demonstrated significantly higher levels of vasoac-

tive intestinal peptide and substance P.

the quality of life and leads to decreased productivity, sleep impair-
ment, and psychological impairment.3®

Previously, while CR was generally subcategorized into two phe-
notypes, allergic rhinitis (AR) and nonallergic rhinitis, CR is currently
regarded as a syndrome, which presents under an “umbrella” as several
phenotypes with different pathogenic pathways.>” These endotypes/
phenotypes are overlapping, dynamic, and rendering clear-cut defini-
tions difficult.® Chronic rhinitis is a heterogeneous disease, with dis-
tinct pathophysiologic processes. For example, AR is a Th2
inflammation of nasal mucosa mediated by IgE antibody and nonaller-
gic rhinitis may be associated with either a neurogenic pathway, auto-
nomic imbalance, age, pregnancy, occupation, or drugs.® Therefore,
the different subtypes of CR need distinct therapeutic strategies
involving different therapeutic responses and prognoses.” Thus, the
phenotyping of CR associated with the different pathophysiologic
mechanisms and distinct medical treatments is urgently needed.

From a clinical perspective, the clinical indicators are more suit-
able to phenotyping chronic rhinitis because these are easier to
determine/observe in daily clinical practice. In this respect, Papado-
poulos and Hellings have subcategorized chronic rhinitis with two
similar methods.2® Both of these phenotype categories are com-
monly used around the world and have greatly promoted the diagno-
sis and treatment of subjects with these CR phenotypes. In contrast,
phenotyping CR using distinct biomarker/s is more difficult presently
due to the scarcity of appropriate biomarkers.”

Although several classifications of rhinitis endotypes/phenotypes
have been proposed to date,>®? there is some degree of subjectivity,
little scientific basis in the description of some of these endotypes/
phenotypes, and some of them lack clinical relevance.” However, it is

possible that these limitations may be overcome by use of cluster anal-
ysis. The aim of this study was therefore to perform cluster analysis of
CR patients to identify the different endotypes and investigate the

inflammatory patterns of these endotypes.

2 | MATERIALS AND METHODS

2.1 | Study design and subjects

This prospective single center study was conducted from February 1,
2017, to August 31, 2017. Subjects suspected to have rhinitis based on
the presence of common symptoms of nasal obstruction, rhinorrhea,
sneezing, and itching were recruited consecutively from the allergy-rhi-
nology outpatient clinic of Beijing TongRen Hospital. Each subject
completed a questionnaire at recruitment to record their demographic
data, nasal symptom severity, and asthma history, and was then
assessed for sensitization to relevant aeroallergens by measurement of
specific IgE (sIgE) in both serum and nasal secretions. Diagnosis of AR
was based on criteria of the Allergic Rhinitis and its Impact on Asthma
(ARIA) consensus statement.® Diagnosis of asthma was based on the
history and lung function examination. Healthy subjects without any
nasal disease and patients with nasal septum deviation, cerebrospinal
fluid leak (CSF-leak), or pituitary tumor with normal nasal mucosa in the
ethmoid sinus, but without chronic rhinitis, were recruited as controls.
The exclusion criteria for the study included chronic rhinosinusi-
tis and/or nasal polyposis as defined by the European position paper
on rhinosinusitis and nasal polyps,'° any respiratory infection in the
previous 4 weeks, and CT scan showed opacification in the nasal

cavity or sinuses. Patients who had taken systemic corticosteroids
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over the past 3 months, intranasal corticosteroids over the past
4 weeks, antihistamines over the past 2 weeks, and vasoconstrictors
over the past 1 week were also excluded.

The study was conducted in full accordance with Declaration of
Helsinki and approved by the Medical Ethics Committee of Beijing
TongRen Hospital. All patients also provided written informed con-
sent prior to entry into the study and collection of data. In the case
of children, of whom 11 were enrolled, their parents or guardians
provided written informed consent prior to entry into the study and
collection of any data. Firstly, the aim of the study was explained to
both the children and their parents or guardians, and voluntary par-
ticipation in the study was emphasized. Subsequently, full details
were provided of the duration of the study, the clinical and labora-
tory procedures to be undertaken, and the need to collect blood and

nasal secretion samples for analysis.

2.2 | Visual analogue scale

The severity of nasal symptoms, including nasal obstruction, anterior
or posterior rhinorrhea (watery, mucous or purulent), sneezing and
nasal/eye itching, was recorded using a visual analogue scale (VAS)
of 10 cm. Each symptom was categorized as “mild” (VAS: 0-3 cm),
“moderate” (VAS: >3-7 cm), or “severe” (VAS >7 cm).

2.3 | Fractional exhaled nitric oxide

Fractional exhaled nitric oxide (FENO) was measured using a nitric
oxide analyzer (Niox; Aerocrine, Solna, Sweden) at a flow rate of
50 mL/s through the oral cavity. The gas was continuously routed
into the analyzer via a side port. The procedure was repeated three

times and a mean concentration of FeNO was calculated.

2.4 | Serum slgE

Serum slgE levels to common aeroallergens were determined using
the fluoroenzyme immunosorbent assay (UniCAP, Uppsala, Sweden),
with a value for serum sIgE >0.35 kU/L regarded as positive. The sIgE
examination was performed with a panel of allergens including Der-
matophagoides farinae (Der f), Dermatophagoides pteronyssinus (Der p),
Candida albicans, mugwort, Penicillium notatum, Cladosporium, Alternar-
ia, and Aspergillus. These allergens were selected on the basis that mite
and mugwort are two most prevalent aeroallergens in China.!* Fur-
thermore, based on evidence from daily clinical practice during the
period when this study was conducted, we noted that the fungal
allergy rate was also high and thus the panel of fungal allergens was
investigated additionally.

2.5 | Nasal secretions: collection and Local sIgE
measurement

Nasal secretions were collected using sinus packs and processed as
described previously.*? All samples were collected from patients when
they presented to our allergy outpatient clinic with symptoms, during

or out of the season. We obtained all the samples during symptomatic
period. All sponges were stored at 4°C for at least 2 hours and then
transferred to a 5 mL BD syringe. The bulk of the nasal secretion was
forced out of the sponges using the piston of the syringe and cen-
trifuged at 1500 g for 15 minutes at 4°C. The supernatants were sep-
arated and stored in aliquots at —20°C until analysis for the presence
of slgE and other inflammatory mediators. At the time of assay, an ali-
quot was also assessed to make sure there was no contamination or
disturbance of the other factors. Local slIgE in nasal secretions was
assessed using the fluoroenzyme immunosorbent assay (UniCAP, Upp-
sala, Sweden) and the panel of aeroallergens as for serum. Again, a

value for sIgE >0.35 kU/L was regarded as positive.

2.6 | Nasal allergen provocation test

Nasal allergen provocation test (NAPT) was performed to make a diag-
nosis for LAR, according to the EAACI position paper on the standard-
ization of nasal allergen challenges.*® The diluent was delivered to the
inferior turbinate using a nebulizer with a fixed volume of 100 pL per
puff. Solutions were applied to the subjects with breath holding after
a deep inspiration to avoid allergen being inhaled into lower airways.
After a 30-minutes adaptation period, the subjects were given 100 pL
of diluent followed by rhinomanometry to exclude nasal hyper-reactiv-
ity. Then, Der f allergen extract and mugwort extract (0.004, 0.04, 0.4,
and 4 pg/mL, WOLWOPHARMA, Zhejiang, China)'**> were applied in
both nasal cavities at less than 10 minutes intervals, until a positive
reaction was observed at less than 10 minutes intervals. The clinical
symptoms and the change in nasal airway resistance (NAR) were reas-
sessed at a transnasal pressure difference of 150 Pa with active rhino-
manometry 30 minutes after NAPT. Total symptom score was
assessed according to the earlier study.*® NAPT was considered posi-
tive when the total symptom score was >4 or nasal airflow was
reduced by 60% or more from the baseline level. NAPT was also con-
sidered positive when the total symptom score was >3 and nasal air-

flow was reduced by 20% or more from baseline.

2.7 | Histological evaluation of nasal mucosa

Samples of nasal mucosa were obtained from 84 CR patients and from
control subjects with nasal septum deviation (n = 21), cerebrospinal
fluid (n = 4), or pituitary tumor (n = 2) during surgery, and processed
for histological evaluation using H&E staining. All samples were pro-
cessed by an independent pathologist, who was blinded to the clinical
diagnosis and characteristics of the patients and assessed the numbers
and different types of inflammatory cell (eosinophils, neutrophils,
plasma cells, and lymphocytes) by bright-field light microscopy (BX51,
Olympus, Japan) at x400 magnification. The eosinophils in the nasal

secretion were counted according to a recent study by Howarth et al.l”

2.8 | Measurement of inflammatory mediators

The nasal secretions obtained from the participants at baseline were
assessed for the levels of eosinophil cationic protein (ECP) and
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TABLE 1 The demographic characteristics and clinical variables of chronic rhinitis patients

Cluster 3
Cluster 1 Cluster 2 NARES Cluster 4 Cluster Cluster 6
Allergic rhinitis Allergic rhinitis without Local allergic 5 NARES Idiopathic
Control without asthma  with asthma asthma rhinitis with asthma  rhinitis P value

No. of subjects 20 100 35 48 12 13 51
Age (y) 38.2+8.7 33671 31.9 + 145 374+ 112 383137 40 £ 9.9 356+116 ns
Gender (M/F) 8/12 58/42 2114 28/20 715 8/5 31/20 ns
Asthma 0 0 35 0 0 13 2 <0.001
FeNO 7.8 (2-13.9)  10.9 (1-25) 43.8 (10-112) 121 (9-17)  34(1-11) 39.2 (10-56) 7.8 (2-18) <0.001
Nasal obstruction 1 (0-2) 4(3-7) 4 (3-8) 5 (3-8) 3(1-5) 5(3-7) 6 (3-10) <0.05
Rhinorrhea 0 3 (2-6) 4 (3-6) 3 (1-6) 3 (1-5) 4 (2-6) 4(2-7) ns
Nasal itching 0 3 (0-6) 2 (0-5) 2 (0-3) 2 (0-5) 2 (0-3) 5(3-8) <0.05
Sneezing 0 3(1-7) 3 (1-5) 3 (1-5) 2 (1-5) 3(2-5) 4(2-7) ns
VAS 1 15 16 17 13 18 21 <0.05
Local eosinophilia 0 2 2 3 2 3 0 ns
Serum IgE 0.02 (0-0.35) 73.1(0.35-111.3) 68.2 (0.35-103.7) 0.02 (0-0.35) 0.01 (0-0.35) 23.9 (0-118.9) 0.01 (0-0.35) <0.001
Local IgE 0.01 (0-0.35) 42.8(0.35-100.1) 65.6 (0.35-81.2)  0.03 (0-0.35) 87.5(17.5-201.5) 0.15(0-17.5) 0.01 (0-0.35) <0.001

F, female; FeNO, fractional exhaled nitric oxide; M, male; NARES, nonallergic rhinitis with eosinophilia syndrome; VAS, visual analogue scale.
Data are presented as mean + SD.
Statistical significance was evaluated by one-way analysis of variance, chi-square test, and Tukey's test.

histamine using commercial ELISA kits from CUSABIO (Wuhan,
Hubei province, China), and the levels of leukotriene C4 (LTC4), sub-
stance P (SP), and vasoactive intestinal peptide (VIP) using commer-
cial ELISA kits from R&D Systems (Minneapolis, MN). Similarly, the
concentration of total protein in each sample was measured using
commercial ELISA kits from Beyotime (Beijing, China), and the con-
centration of each inflammatory mediator was expressed as ng/g
protein. When the level of a mediator measured was below the
detection level in the initial measurement, the results of that particu-

lar sample were excluded.

2.9 | Statistical analysis

Hierarchical clustering method with Euclidean similarity measure and
Ward minimum-variance linkage was performed using R3.1.2 (The R
Foundation for Statistical Computing, http://www.r-project org/),
and the result was rendered as a heat map drawn with R. Normality
standardization was performed by computing Z score for each
variable, such that all variables were of similar dimension in further
analysis.

The clinical parameters between the clusters were compared by
one-way analysis of variance, chi-square test, and Tukey's test. The
secreted mediators were analyzed by a Kruskal-Wallis H test to
assess significant intergroup variability among more than two groups
and a Mann-Whitney U two-tailed test was used for between-group
comparison. All the statistics between groups were performed by
using SPSS version 22.0 (IBM Corp., Armonk, NY) and GraphPad
Prism 7.0 software (GraphPad Software, Inc., La Jolla, CA). Bonfer-

roni's multiple comparison test was applied to correct for

significance. Data were expressed as median and interquartile range,
unless otherwise specified. Statistical significance was set at a P
value <0.05.

3 | RESULTS

Overall, 259 (153 males and 106 females) patients and 20 controls
were recruited into the study. The age of the participants ranged
from 8 years to 58 years (mean = 36.1 years). Twelve variables
were used for the cluster analysis, including age, gender, asthma
history, FeNO, serum IgE, local nasal IgE, local eosinophils, nasal
obstruction score, rhinorrhea score, nasal itching score, sneezing
score, and VAS (Table 1). Based on this analysis, six subject clusters

were identified (Figure 1).

3.1 | Characteristics of clusters

Clusters 1 (allergic rhinitis [AR] without asthma) and 2 (AR with
asthma) comprised a total of 135 patients; of which 58 males and
42 females (mean age = 33.6 years) were present in cluster 1 and 21
males and 14 females (mean age = 31.9 years) were present in clus-
ter 2. There was no significant difference between these two clus-
ters with respect to the VAS, and both were positive for local
eosinophils and higher levels of serum IgE and local IgE. However,
all 35 patients in cluster 2 had concomitant asthma (Table 1) and
demonstrated significantly lower FEV predictive and FEV,/FVC ratio
(Figure 2A) and significantly higher FeNO levels (Table 1), compared
to cluster 1 and controls subjects.
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(A) Color Key

-2 -1 0 1 2
Row Z-Score

Cl: AR without asthma

C2: AR with asthma

C3: NARES without asthma

| C4:LAR
C5: NARES with asthma

Cé6: IR

(B)
Allergic rhinitis
Without asthma | With asthma | Without asthma | With asthma LAR IR
High ECP High ECP High ECP High ECP High histamine High VIP
High LTC4 High LTC4 High LTC4 High LTC4 High LTC4 High SP
Cluster 1 Cluster 2 Cluster 3 Cluster 5 Cluster 4 Cluster 6

FIGURE 1 A, Hierarchical clustering of twelve clinical variables. Shown is a heat map of clustering clinical characteristics in chronic rhinitis.
Each row represents one patient, and the range is shown in each column, with green being low and red being high. Left, dendrogram showing
similarity of groups. Right, six clusters (C1-Cé) are indicated by vertical bars. AR, allergic rhinitis; FeNO, fractional exhaled nitric oxide; IR,
idiopathic rhinitis; LAR, local allergic rhinitis; NARES, nonallergic rhinitis with eosinophilia syndrome; VAS, visual analogue scale. B, The main
characteristics of different clusters. ECP, eosinophil cationic protein; LTC4, leukotriene C4; SP, substance P; VIP, vasoactive intestinal peptide

Similarly, clusters 3 (nonallergic rhinitis with eosinophilia syn-
drome [NARES] without asthma) and 5 (NARES with asthma)
included a total of 61 patients, with 28 males and 20 females
(mean age = 37.4 years) in cluster 3, and eight males and five
females (mean age = 40.0 years) in Custer 5. There was no signifi-

cant difference between these two clusters with regard to the

VAS, and both clusters were positive for local eosinophils and
negative for serum IgE and local IgE. Also, all 13 patients in clus-
ter 5 had concomitant asthma (Table 1) and demonstrated signifi-
lower FEV, FEV4/FVC ratio (Figure 2B) and
significantly higher FeNO levels compared to cluster 3 and control
subjects (Table 1).

cantly predictive,
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Overall, 12 patients (seven males and five females, mean age =
38.3 years) fell into cluster 4 (local allergic rhinitis [LAR]). None of
these patients had a history of asthma and had the lowest VAS and
the higher level of local eosinophils. Moreover, the patients in cluster
4 demonstrated positive results for local IgE and negative results for
serum IgE (Table 1). Based on the features of this cluster, we per-
formed nasal allergen provocation test in the 12 patients using Der-
matophagoides farinae (Der f) and mugwort, and found that all the
patients had positive results at 4 pg/mL for total symptoms score
and nasal endoscopic examination, following nasal provocation with
Der f (Figure 3), but not following nasal provocation with diluent or
mugwort.

Cluster 6 (idiopathic rhinitis [IR]) included a total of 51 patients
(31 males and 20 females, mean age = 35.6 years). None of these
patients had a history of asthma and all demonstrated negative
results for local eosinophilic, local IgE, and serum IgE. However,
these patients had the highest VAS (Table 1).

Figure 1B provided an overview of the major findings for the
mediators assessed in the six clusters. Patients in clusters 1, 2, 3,
and 5 had significantly higher levels of ECP and LTC4, whereas
patients in cluster 4 had significantly higher level of histamine. Simi-
larly, patients in cluster 6 had significantly higher levels of VIP and
SP (Figure 4).

Representative histological features of the nasal mucosa in
control subjects and patients from the different clusters were
shown in Figure 5. Eosinophils were present in tissue of patients
with allergic rhinitis (Figure 5B) and NARES (Figure 5C), but not in
tissues from control subjects (Figure 5A) or from patients with IR
(Figure 5D).

4 | DISCUSSION

Chronic rhinitis is a prevalent upper airway disease. It can occur
concurrently with other airway diseases and leads to a consider-
able financial and social burden.»>® However, the precise diagno-
sis and treatment of the disease in the clinic are not fully
optimized. The diagnostic criteria for specifically allergic rhinitis are
well-documented globally and easily implemented by most doctors
to make the correct diagnosis. In contrast, nonallergic rhinitis pre-
sents a bigger problem because it is often underestimated in daily
activity, despite more than 200 million individuals being affected
by nonallergic rhinitis worldwide.!® Moreover, despite the similar
clinical presentations between different phenotypes, it is not easy
to specifically diagnose nonallergic rhinitis due to the variability in
mechanisms, similar  clinical

pathophysiologic despite  the
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presentations between different phenotypes.2>??

In this regard

while an early study by Papadopoulos et al® have subcategorized
chronic rhinitis, which partially overlapped another study by Hel-
lings et al® subcategorized chronic rhinitis based on their clinical
presentations. This type of phenotyping, however, is oversimplified
and somewhat non-specific because phenotypes were based on
medical history, physical examination, and in vivo/in vitro investi-
gations of a few inflammatory proteins being measured to verify
the endotypes. In the present study, we used unsupervised hierar-
chical cluster analysis to determine the endotypes more specifically
based on 12 different clinical variables. This analysis demonstrated
six endotype clusters with different clinical indicators, which were
verified using different methods.

Clusters 1 and 2 included 100 and 35 patients, respectively,
who according to the ARIA guideline criteria, were diagnosed as
being AR with confirmed local production of IgE in the nasal
mucosa.?®?! Furthermore, according to the ARIA guidelines and
medical history, the patients in cluster 2 were diagnosed as AR

FIGURE 3 Representative effect of
nasal allergen provocation test (NAPT) in
patients from cluster 4. The inferior
turbinate and nasal mucosa were normal
before NAPT (A). Thirty minutes after
NAPT, there was swelling of the inferior
turbinate and production of large
quantities of watery secretions in the nasal
cavity (B). NAPT also significantly
increased the symptom score (C) and nasal
airway resistance (NAR) (D) 30 min after
NAPT

with asthma. This diagnosis was in accordance with epidemiologi-
cal evidence, which has consistently shown the co-existence of
rhinitis and asthma.?? Our findings for the significantly greater pro-
duction of ECP, histamine, LTC4, and VIP in patients from clusters
1 and 2 compared with the control subjects are also in accor-
dance with the well-documented “one airway, one disease” con-
cept showing a correlation between the upper and lower airway
allergy symptoms.® Indeed, these findings were also in line with
the Th2-mediated inflammatory mechanisms in AR and asthma,
involving respiratory mucosal inflammation with eosinophils, and
synthesis of ECP and LTC4.2®

Nonallergic rhinitis with eosinophilia syndrome was first
described by Jacobs and colleagues in 1981.2% Although there was
no consensus about the diagnostic criteria for NARES, the high
level of eosinophilic cells in nasal smears was a common feature
and varies from 5% to 25%.2°2% In the present study, clusters 3
and 5 included 48 and 13 patients, respectively, with VAS scores
of 17 and 18, respectively. Furthermore, although both the serum
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23.9 kU/L, 0.03 and 0.15 kU/L, respectively), the levels of eosino-
phils were the highest in these clusters. Thus, we diagnosed these
61 patients as NARES patients. The morbidity of NARES in this

cohort was higher than that described in a former study,?® and it

IgE were negative in these clusters (0.02 and

was possible that this discordance in our findings may be due to
the fewer patients in this study. However, the most prominent
difference between cluster 3 and cluster 5 was that all 13 patients
classified into cluster 5 had the asthma symptoms. These findings
suggested that non-IgE-mediated eosinophilic inflammation may
manifest in both the upper and lower airways as NARES and eosi-

nophilic asthma, respectively. Although the morbidity of asthma in

the present cohort of 61 NARES patients was lower than in an
earlier study,29 the levels of ECP in these clusters were found to
be significantly higher than the control group. This is in accor-
dance with the former study.30 Indeed, clusters 1, 2, 3, and 5,
which were all found to have significantly higher levels of ECP
and LTC4 than the control group and cluster 6. Thus, this finding
suggested that the use of anti-leukotrienes, which could effectively
reduce eosinophilic inflammation, also needs to be emphasized for
the CR patients besides the use of intranasal corticosteroids (INS)
in NARES patients.

Despite characterization of only 12 patients in cluster 4, this was

a clinically interesting cluster because all the demographic and



MENG ET AL.

clinical characteristics, apart from the local IgE levels, employed for

clustering were negative. An earlier study suggested that mite and
mugwort were two most prevalent aeroallergens in China.!! Based
on this finding, we performed NAPT with Der f and mugwort, in
these 12 patients and demonstrated that all had a positive NAPT for
Der f. This finding was in accordance with the concept of “entopy”
which was first proposed by Powe and colleagues.?%?! It was possi-
ble, however, that the results for these patients in cluster 4 may be
due to these patients being recruited from February to May, while
mugwort was the main aeroallergen in Autumn in Beijing (duration
from later July to end of September). Thus, based on the findings of
Rondon et al,®? these patients might be classified as LAR patients,
particularly because of (a) local production of IgE, (b) Th2 inflamma-
tory pattern in nasal secretion when exposed to allergens, and (c)
positive results of NAPT without systemic atopy. It was interesting
that this earlier study reported that LAR affects 25.7% of the rhinitis
population,®* whereas the present study demonstrated that only 5%
(12 patients) met the criteria for LAR. It is possible that this differ-
ence may be a result of differences in ethnicity, because most stud-
ies investigating LAR have been performed in white patients in
Europe. Furthermore, none of the patients in cluster 4 in the present
study had concomitant asthma, whereas LAR was frequently associ-
ated with asthma in the study of Rondon and colleagues.3! Unfortu-
nately, there were no other studies of LAR in Asian patients for
comparison with the present study. However, the VAS was lowest in
this cluster because the disease was mostly limited to the middle
meatus and the other parts of nasal mucosa were normal, while
levels of histamine were the highest. From this point, it was likely
that besides INS, antihistamines might also be useful to relieve the
nasal irritation in this group of patients. The finding that ECP and

FIGURE 5 The nasal mucosa of control
subjects (A; n = 27), and patients with
allergic rhinitis (B; n = 49), nonallergic
rhinitis with eosinophilia syndrome
(NARES) (C; n = 24) and idiopathic rhinitis
(IR) (D; n = 11). The blue arrows indicate
the eosinophils in the mucosa. (H&E, x400
magnification)

LTC4 levels in these patients were significantly higher than in the
control subjects is in accordance with the former study®® and sug-
gested that anti-leukotriene therapy should be added to INS therapy
as required in individual CR patients.

Cluster 6, including a total of 51 patients, appears to be
somewhat different because despite the VAS being the highest of
all the clusters, the total IgE, local IgE, and local eosinophilia were
all negative in this cluster. Thus, based on the diagnosis of exclu-
sion, we diagnosed these patients as idiopathic rhinitis (IR).2 IR
was the most prevalent NAR subtype and is in accordance with
the findings from several studies which have reported that IR
represented about 70% of NAR cases.>2 The pathogenesis of IR
has been suggested to be nonallergic, but rather due to a disor-
der of peptidergic neural system.®® In the present study, both SP
and VIP levels in this cluster were significantly higher than in the
control subjects. Indeed, a recent study has suggested that noci-
ceptive TRPV1-substance P signaling pathway was upregulated in
IR patients.3* Similarly, SP has been shown to induce the release
of histamine, the main protein associated with nasal irritation,®
and VIP has been shown to be associated with nasal hyperre-
sponsiveness.*® Thus, from the treatment aspect, although INS
might not be the best treatment of choice for IR patients, several
studies have suggested that capsaicin might theoretically be an
alternative 3738

In summary, this study for the first time provides a useful way of
objectively defining at least six endotype clusters of chronic rhinitis,
including a cluster 1 comprising allergic rhinitis without asthma, a
cluster 2 comprising allergic rhinitis with asthma, a cluster 3 compris-
ing NARES without asthma, a cluster 4 comprising local allergic rhini-

tis, a cluster 5 comprising NARES with asthma, and cluster 6
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comprising idiopathic rhinitis. Furthermore, based on the different
inflammatory patterns defining these clusters, the study provides the
opportunity for providing the most appropriate and effective individ-

ualized treatment strategies for CR patients.
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