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Purpose: Histopathologic characterizations of central compartment atopic disease (CCAD) by whole-slide imaging remains lacking.
We aim to study clinical presentations and cellular endotyping diagnosis of Chinese CCAD using artificial intelligence (AI).
Methods: A total of 72 patients diagnosed with chronic rhinosinusitis with nasal polyps (CRSwNP) were enrolled. CCAD was
defined by positive result of serology specific IgE, endoscopic and radiological findings. The aeroallergen sensitization status,
endoscopic results, radiological findings, and symptoms were evaluated and compared between patients with CCAD (n=14),
eosinophilic CRSwNP (ENP, n=32) and non-eosinophilic CRSwNP (NENP, n=26). The cellular endotypes including eosinophils,
neutrophils, lymphocytes, and plasma cells were analyzed by the AI chronic rhinosinusitis evaluation platform 2.0.
Results: CCAD was most common in male (71.43%). The positive rate of aeroallergen in patients with CCAD is 100%, which is
much higher than those in patients with ENP (40.63%) and NENP (23.08%). Allergic rhinitis incidence was found to be 57.14% in
Chinese CCAD subjects, which is obviously higher when compared with those in patients with ENP (21.88%) or NENP (0.00%). The
presence of asthma was not significantly different between groups. Chinese CCAD population demonstrated mild symptoms and lower
endoscopic and radiological scores than those in patients with ENP and NENP. For cellular endotypes in CCAD subjects, the median
of eosinophils, neutrophils, lymphocytes, and plasma cells was 26.55%, 0.49%, 60.85%, and 7.33%, respectively. The proportion of
eosinophils in nasal tissue and peripheral blood mononuclear cells from the CCAD group is between the proportions in those patients
with ENP and NENP.
Conclusion: Chinese CCAD was associated with aeroallergen sensitivity, and displayed an eosinophil-dominant inflammatory
pattern. Thus, proper management with allergy control and topical steroids could be recommended for CCAD treatment.
Keywords: central compartment atopic disease, deep learning, chronic rhinosinusitis with nasal polyps, eosinophil, aeroallergen

Introduction
Chronic rhinosinusitis (CRS) is a disease of high heterogeneity characterized by persistent inflammation of sinonasal
mucosa. Clinically, CRS is frequently divided into two major phenotypes: CRS with nasal polyps (CRSwNP) and CRS
without nasal polyps (CRSsNP). Based on the local eosinophil infiltration, CRSwNP is classified into eosinophilic
CRSwNP (ENP) and non-eosinophilic CRSwNP (NENP).1

Recently, a new CRS phenotype named central compartment atopic disease (CCAD) was identified by DelGaudio and
colleagues.2 CCAD is a nasal inflammatory subtype of CRSwNP that involves polypoid changes of the central
compartment of the nasal cavity including middle turbinate (MT), superior turbinate (ST), and/or posterosuperior nasal
septum (PSNS).2 CCAD is also defined as an inflammatory process that results from inhalant allergy, which provides
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a definitive link between allergy and CRSwNP.3 The involvement of the central compartment area may be due to the
deposition of allergen. Previous reports have showed that the MT and NS were the most frequent sites where allergens
deposited.3,4 The prevalence of allergy was higher (97.6%) while the prevalence of asthma was lower (17.1%) in CCAD
patients than other CRSwNP subtypes.5

The presence of eosinophilic and non-eosinophilic endotypes among patients with CRSwNP varies with geogra-
phical region.1,6,7 Caucasian nasal polyps are mostly associated with eosinophilia, whereas less eosinophilic and more
neutrophilic inflammation was identified in patients with CRSwNP in Asian countries.8 Moreover, compared with
patients with CRSwNP in North America and Europe, patients with CRSwNP in China demonstrate lower comor-
bidity of AR, asthma, and aspirin exacerbated respiratory disease.9 Different inflammatory cell endotypes contribute
to distinct treatment strategy.10 CCAD, as a new phenotype of CRS, has been studied in the North America and
Australia previously,2,5,11 while the investigation of CCAD in Chinese populations has been limited. Moreover,
current understanding of CCAD lacks detailed recognition of its cellular endotypes. The specific tissue inflammatory
cells are excellent biomarkers for predicting disease severity and prognosis.12,13 Eosinophilia is related to higher
polyp recurrence14–16 and worse olfactory function.17–19 Whereas neutrophilia is linked with corticosteroid sensitivity
and more severe surgical outcomes.20–22 Thus, it is critical to give a more detailed description of CCAD
histopathology.

In the current study, we aim to investigate the clinical presentations and cellular endotypes of CCAD in Chinese
population based on whole-slide imaging (WSI) scanning. By clarifying the cellular endotypes of Chinese CCAD, we
would have a better understanding of the histopathology in CCAD, and proper management with allergy control and
topical steroids will be recommended for treatment strategies.

Materials and Methods
Subjects and Samples Collection
A retrospective analysis was performed from January to December 2019 in the Third Affiliated Hospital of Sun Yat-Sen
University. The study was registered at the Chinese Clinical Trials Registry (http://www.chictr.org.cn/index.aspx) with
the number ChiCTR2100048658, and was approved by the Ethics Committee of the Third Affiliated Hospital of Sun Yat-
Sen University [(2020) 02–001-01]. This research was conducted with written informed consent from each subject. This
study was conducted in accordance with the Declaration of Helsinki.

The diagnosis of CRSwNP was made according to the current European Position Paper on Rhinosinusitis and Nasal
Polyps 2020.7 Eosinophilic CRSwNP was defined when the percentage of tissue eosinophils exceeded 10% of total
infiltrating cells.1 CCAD was identified as previously reported,2,11 positive inhalant allergen test was accompanied with
polypoid changes of MT, ST, and PSNS. These central compartment polypoid changes are evident both with nasal
endoscopy and radiographic imaging. Patients with sinonasal polyps but without a polypoid change in the central
compartment, or not meeting the criteria for aspirin exacerbated respiratory disease (AERD), and AFRS were listed as
CRSwNP not otherwise specified.11 Patients with polypoid changes in the central compartment and concomitant
sinonasal polyps were also analyzed with the CCAD cohort.11 Allergic rhinitis was diagnosed based on the concordance
between a typical history of allergic symptoms and positive atopy test.23 Asthma was diagnosed based on Global
Initiative for Asthma guideline.24 Patients who had an antrochoanal polyp, fungal sinusitis, cystic fibrosis, inverted
papilloma, vasculitis, primary ciliary dyskinesia, aspirin exacerbated respiratory disease, or an acute respiratory tract
infection were excluded from the study. Finally, 14 CCAD patients, 32 ENP subjects, and 26 patients with NENP were
included. The recruitment criteria of participants is outlined by the Figure 1.

Clinical data was obtained through a review of the electronic medical record for each subject, including age, sex,
disease duration, comorbidity of asthma and/or allergic rhinitis, allergy testing, endoscopic findings, computed tomo-
graphy imaging data, operative reports, follow-up visits, pathology findings. Medication use with oral steroids, steroid
sprays, and antibiotics were tracked for the period of continuous follow-up for all patients. Intranasal steroid sprays and
oral glucocorticoids were discontinued at least 1 month and 3 months before Surgery, respectively. The demographic
characteristics of enrolled subjects are listed in Table 1.
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All recruited patients had received intranasal steroid spray no less than 3 months. Short-term oral medication is
considered for symptomatic exacerbations of inflammation (steroid) or infection (antibiotic). These patients failed
medical treatment (the symptoms existed in despite of the medical treatment mentioned). The surgery procedure was
performed by one chief physician. Generally, ENP and NENP require conventional or extended functional endoscopic
sinus surgery to optimize ventilation and drainage of involved sinuses via widening of sinus ostia and removal of
inflamed tissue.10 For CCAD, because MT function is supposed to be critical in allergen filtering and the central
compartment structures, the conservative approach focused on sculpting central compartment structures with the removal
of polyps was recommended. Opening of diseased sinuses is also performed if they are involved.11 Postoperative
standard maintenance therapy in any CRSwNP subtype typically includes steroid sprays, oral steroids, antibiotics, saline
irrigation, and regular clinic follow-up for interval nasal endoscopy.

Symptoms and Endoscopic Assessment
Symptoms of CCAD, ENP, and NENP including nasal obstruction, rhinorrhea, hyposmia, facial fullness or pain, and
Headache were assessed and total symptoms were scored based on the visual analogue scale (VAS) according to the
symptom severity.7,25 All patients underwent nasal endoscopy, and the Lund-Kennedy (L-K) endoscopic score was
obtained by evaluating the endoscopic appearances as previous reported.26 The endoscopic scores were evaluated by two
otorhinolaryngologists who were blinded to the grouping information.

Qualitative Analysis of Computed Tomography
All subjects underwent CT scanning. As previously reported, the L-M score was assessed by evaluating the opacification of
sinus.27 The results were harvested by two different otorhinolaryngologists who were blinded to the grouping information.

Figure 1 Flow chart of the participants inclusion and exclusion for this study.
Abbreviations: CRS, chronic rhinosinusitis; CT, computed tomography; WSI, whole-slide imaging; CCAD, central compartment atopic disease; ENP, eosinophilic chronic
rhinosinusitis with nasal polyps; NENP, non-eosinophilic chronic rhinosinusitis with nasal polyps.
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Table 1 Demographic Characteristics of Enrolled Patients

CCAD ENP NENP CCAD vs ENP CCAD vs NENP ENP vs NENP
P value P value P value

Subjects number 14 32 26

Gender, male 10 (71.43%) 22 (68.75%) 16 (61.54%) 1.000 0.781 0.566

Age (years) 42.00 (32.50,49.75) 44.50 (32.25,58.50) 38.00 (26.00,63.00) 0.519 0.966 0.639
Patients with asthma 2 (14.29%) 7 (21.88%) 0 (0.00%) 0.847 0.117 0.033

Patients with AR 8 (57.14%) 7 (21.88%) 0 (0.00%) 0.045 < 0.001 0.033

Atopy 14 (100.00%) 13 (40.63%) 6 (23.08%) < 0.001 < 0.001 0.157
Smoking 2 (14.29%) 6 (18.75%) 5 (19.23%) 1.000 1.000 1.000

Duration (months) 24.00 (3.75,36.00) 96.00 (27.00,120.00) 48.00 (12.00,120.00) 0.008 0.052 0.446

Abbreviations: CCAD, central compartment atopic disease; AR, allergic rhinitis; ENP, eosinophilic chronic rhinosinusitis with nasal polyps; NENP, non-eosinophilic chronic rhinosinusitis with nasal polyps.
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Allergen Test and Atopy Status
Aeroallergen sensitization was evaluated by serologic assessment as previously described.28 The specific IgE
(sIgE) to airborne antigen was examined by allergy screening panel (Mediwise Analytic GmbH, Moers,
Germany). Serum sIgE > 0.35 IU/mL was considered as positive. Appropriate positive and negative controls
were employed. The patients were refrained from antihistamine administration for at least 7 days before serum
testing. The patients were diagnosed as atopic if the serology test of any aeroallergen was positive.

Histology Assessment
The pathology samples were fixed in 10% formalin and were subjected to embedding and sectioned. Hematoxylin-eosin-
stained paraffin sections (4 μm) were used to assess infiltration of eosinophils and inflammatory cells. Next, slides were
scanned with an automatic digital slide scanner (Panoramic 250 FLASH, 3DHISTECH Ltd, Budapest, Hungary) to
obtain the WSI. After that, the WSI was analyzed using artificial intelligence chronic rhinosinusitis evaluation platform
2.0 (AICEP 2.0), which could distinguish eosinophils, neutrophils, lymphocytes and plasma cells in nasal mucosa, as
described in our previous report.29 Last, the proportions of eosinophil, neutrophil, lymphocyte and plasma cell were
harvested by WSI for further analysis.

Statistical Analysis
SPSS 21 was used for statistical analysis. For continuous variables, results were presented as medians and interquartile
ranges, unless stated specifically. The Kruskal–Wallis H-test was used to evaluate intergroup variability, and the Mann–
Whitney U 2-tailed test was used for between-group comparison. The Chi-square test was used to compare differences in
frequencies between groups. All statistical tests were two-sided, and a P value of less than 0.05 was considered
statistically significant.

Results
Patients and Clinical Presentations
A total of 89 subjects were recruited for this study. Among these subjects, 10 patients who had fungal sinusitis or
inverting papilloma were excluded. Seven patients whose clinical data was missing were also excluded. In total, 14
subjects with CCAD, 32 patients with ENP and 26 patients with NENP were included (Figure 1).

The demographic characteristics among groups are listed in Table 1. No significant differences in gender, age, or
smoking status were found between these three groups. Interestingly, the disease duration (months) of CCAD group
(24.00; 3.75–36.00) was significantly shorter than that of ENP (96.00; 27.00–120.00, P = 0.008) and NENP (48.00;
12.00–120.00, P = 0.052). The presence of inhalant allergen sensitization was obviously elevated in CCAD (100.00%)
population relative to ENP (39.39%) and ENP (24.00%) populations. A greater proportion of the CCAD group (57.14%)
had allergic rhinitis (AR) compared with the ENP (21.88%, P = 0.045) and NENP (0.00%, P < 0.001) groups. However,
the prevalence of asthma had no significant difference among groups.

The Endoscopic Features of CCAD
On endoscopic examination, CCAD typically demonstrated mucosal inflammation and polypoid edema of the central
sinonasal compartment (Figure 2A). While nasal polyps were present in the middle meatus in ENP and NENP groups
(Figure 2B and C). Consistent with the endoscopic findings, the L-K scores for polyps and discharge in CCAD group
were much lower than those in ENP and NENP groups (Table S1). The total L-K scores were also significantly decreased
in the CCAD group (5.50; 2.00–6.50) when compared with those in ENP (7.00; 6.00–10.00, P = 0.016) and NENP (8.00;
5.00–10.00, P = 0.018) groups (Table S1).

The Central Radiological Pattern of CCAD
The radiological presentations of CCAD demonstrated lesions usually associated with central compartment, which
involved the medial and floor of the sinus (Figure 3). In contrast, the lesions in ENP and NENP usually showed
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a diffused pattern (Figure 3). L-M scores among groups were listed in Table S2. In line with the findings of CT, the scores
of frontal sinus, maxillary sinus, anterior ethmoid sinus, OMC, and total scores in CCAD population were significantly
lower when compared with those in ENP and NENP (Figure 3 and Table S2). However, the scores of posterior ethmoid
sinus, sphenoid sinus, and E/M ratio were only significantly reduced in CCAD group compared to those in ENP group
(Figure 3 and Table S2). Consistent with previous report, we found E/M ratio is significantly increased in ENP group
when compared with NENP group.

The Allergic Phenotype of Chinese CCAD
The presence of inhalant allergen sensitization was 100% in CCAD population (Figure 4 and Table 1). D. pteronyssinus
was the most prevalent aeroallergen (71.43%) in Chinese CCAD patients, followed by cockroach (35.71%), mulberry

Figure 3 The radiographic features of CCAD, ENP and NENP. Note the central focus pattern of diseased sinus in central compartment atopic disease. General CT findings
in CCAD (A), ENP (B), and NENP (C). Mucosal thickening involves the medial wall and floor of frontal sinus (D), ethmoid sinus (G), maxillary sinus (J), and sphenoid sinus
(M) in CCAD. Mucosal thickening shows a diffused pattern and involves the frontal sinus, ethmoid sinus, maxillary sinus, and sphenoid sinus in ENP (E, H, K, N) and NENP
(F, I, L, O).
Abbreviations: CT, computed tomography; CCAD, central compartment atopic disease; ENP, eosinophilic chronic rhinosinusitis with nasal polyps; NENP, non-eosinophilic
chronic rhinosinusitis with nasal polyps.

Figure 2 The endoscopic characteristics of CCAD, ENP, and NENP. (A), Middle turbinate polyposis in CCAD; (B and C) middle meatus polyps in ENP (B) and NENP (C).
Abbreviations: *, polypoid change of middle turbinate; MT, middle turbinate; NP, nasal polyps; NS, nasal septum; CCAD, central compartment atopic disease; ENP,
eosinophilic chronic rhinosinusitis with nasal polyps; NENP, non-eosinophilic chronic rhinosinusitis with nasal polyps.
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(35.71%), grass pollen mix (28.57%), tree pollen mix (28.57%) and amaranth (28.57%) (Figure 4). The positive rate of
D. pteronyssinus in CCAD group (71.43%) was significantly increased than that in both ENP (31.25%) and NENP
(15.38%) populations (Figure 4 and Table S3). The presence of other aeroallergens including mulberry, cockroach, and
grass pollen mix ambrosia in CCAD group were also dramatically elevated relative to those in both ENP and NENP
populations (Figure 4 and Table S3). The positive rates of amaranth and tree pollen mix, however, were only elevated in
CCAD group when compared with that in ENP subjects. We did not find any differences in positive rates of house dust,
cat and dog hair and dander, or mold mix among groups (Figure 4 and Table S3).

Relatively Mild Symptoms in CCAD Patients
The total scores of VAS in CCAD group (13.50; 7.75–19.00) were less than those in both ENP (20.00; 16.25–22.75, P <
0.001) and NENP (16.50; 12.00–21.00, P = 0.046) groups (Table S4). In addition, the symptom scores for olfactory
dysfunction, rhinorrhea, and facial pain/pressure were all significantly reduced in CCAD population when compared
those in ENP group (Table S4). This was consistent with previous report that the olfactory function of CCAD patients
was relatively better than CRSwNP not otherwise specified patients.

Eosinophil-Dominant Histopathological Characteristics of CCAD Based on AI Deep
Learning
To investigate the cellular endotypes of CCAD, the infiltration status of four inflammatory cells (eosinophils, neutrophils,
lymphocytes, and plasma cells) was evaluated by deep learning. The panoramic display of histopathological characteristics
of biopsy tissues from patients with CCAD, ENP and NENP based on WSI were shown (Figure 5). Eosinophils and
lymphocytes were the major populations in both CCAD and ENP groups (Figures 5 and 6). The proportions of eosinophils,
neutrophils, lymphocytes, and plasma cells in patients with CCAD are 26.55% (20.01%, 40.03%), 0.49% (0.00%, 6.75%),
60.85% (45.31%, 66.80%), and 7.33% (4.81%, 11.32%), respectively (Figure 6A and Table S5). The percentage of
eosinophils in patients with CCAD is slightly decreased when compared with ENP, but is obviously increased when
compared with NENP (Figure 6B and C). In contrast, the frequencies of lymphocytes and plasma cells in CCAD patients
are decreased when compared with that in patients with NENP (Figure 6C). No significant differences in the percentages of

Figure 4 Comparison of aeroallergen prevalence of patients with CCAD, ENP, and NENP; *p < 0.05; **p < 0.01; ***p < 0.001.
Abbreviations: CCAD, central compartment atopic disease; ENP, eosinophilic chronic rhinosinusitis with nasal polyps; NENP, non-eosinophilic chronic rhinosinusitis with
nasal polyps.
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the neutrophils, lymphocytes, and plasma cells were found between patients with CCAD and patients with ENP (Figure 6C).
These results demonstrated that tissues from CCAD patients share similar cellular endotypes from patients with ENP.

Altered Peripheral Blood Eosinophil Account in Patients with CCAD
To test whether CCAD is a systemic eosinophil-dominant inflammatory disease, the percentage and absolute number of
eosinophils from peripheral blood was evaluated among groups. We found that the percentage, but not the absolute
number of eosinophils was increased in the CCAD group when compared with NENP group. We did find that the
absolute number of eosinophils in CCAD population was decreased when compared with ENP group (Table S6). The
absolute numbers and percentages of white blood cells, neutrophils, and lymphocytes showed no significant differences
among groups. These results displayed that CCAD is a mucosal inflammation that dominated by both peripheral blood
eosinophils as well as tissue eosinophils.

Discussion
Our study, for the first time, reports the clinical characteristics and cellular endotypes based on WSI of CCAD in Chinese
populations. We found that all CCAD patients have aeroallergen sensitization status, and have lower radiological and
endoscopic scores when compared to patients with ENP and NENP. More importantly, the infiltration status of four major
inflammatory cells (eosinophils, neutrophils, lymphocytes, and plasma cells) was evaluated by deep learning in nasal
biopsies from patients with CCAD, ENP and NENP. To the best of our knowledge, for the first time, we have shown an
eosinophil-dominant inflammatory pattern based on WSI.

Due to the paucity of sinus involvement, lower endoscopic and radiological scores, as well as milder symptoms were
found in Chinese CCAD patients relative to subjects with ENP and NENP. These results are in line with previous reports
conducted by P. Brunner.30 However, with advanced stages of CCAD, increased postobstructive changes in the sinuses
may contribute to higher L-M scores and more radiologic difficulty distinguishing advanced CCAD from other forms of
CRSwNP subtypes. Interestingly, results of olfactory function in CCAD patients from different groups seem to be
contradictory. Research from McCormick et al31 and ours showed olfactory function in CCAD group was better than in
patients with ENP and NENP. These results could be explained by the mild and limited lesions in the CCAD group.
However, a study from Taiwan demonstrated that hyposmia or anosmia was the major symptom and more common in the

Figure 5 Cellular endotypes of CCAD, ENP, and NENP based on the WSI. (A-E) Representative photomicrographs of hematoxylin-eosin staining and heatmaps of
eosinophil, neutrophil, lymphocyte and plasma cell in CCAD. (F-J) Representative photomicrographs of hematoxylin-eosin staining and heatmaps of eosinophil, neutrophil,
lymphocyte and plasma cell in ENP. (K-O) Representative photomicrographs of hematoxylin-eosin staining and heatmaps of eosinophil, neutrophil, lymphocyte and plasma
cell in NENP.
Abbreviations: CCAD, central compartment atopic disease; ENP, chronic rhinosinusitis with nasal polyps; NENP, non-eosinophilic chronic rhinosinusitis with nasal polyps;
WSI, whole-slide imaging.
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central compartment-type CRS group.32 The distinct presentations of olfactory dysfunction may attribute to the recruited
patients with different stages of CCAD.

In the current study, the proportions and distributions of distinct inflammatory cells were dissected by AICEP 2.0 in
Chinese CCAD patients. CCAD in Chinese population showed a moderate tissue eosinophil infiltration [26.55%
(20.01%, 40.03%)] compared to ENP [47.21% (25.23%, 62.95%)] and NENP [1.84% (0.64%, 4.50%)]. Due to the
moderated eosinophilia and milder symptoms in CCAD patients compared with those in ENP patients, CCAD may be
identified as the early stage of ENP. Thus, an early and aggressive intervention of CCAD might be beneficial in slowing
down ENP progression. Similarly, the eosinophil percentage/absolute number in the peripheral blood from CCAD
patients was greater than that in NENP subjects, but less than that in ENP subjects. These results suggest the association
of blood eosinophil and tissue eosinophil infiltration.33,34 Consist with CCAD patients from Australia, America and
Taiwan,35,36 Chinese CCAD also demonstrates an eosinophil-dominant type 2 inflammation. This may because type 2
signature disease in patients with CRS has evidently increased over the last 20 years, and an going “eosinophilic shift” is
happening in Chinese CRS. In addition to eosinophils, infiltration of neutrophils, lymphocytes, and plasma cells was also
analyzed in CCAD. Neutrophils, associated with worse prognosis and steroid insensitivity of CRS, have attracted more

Figure 6 The cellular proportions in CCAD, ENP and NENP based on WSI. (A) The cellular endotypes in nasal tissues of different phenotypes of CRS. (B) Representative
photomicrographs of hematoxylin-eosin staining (400 magnification) in CCAD, ENP, and NENP. Black arrows indicate representative eosinophils. (C) The proportions of
eosinophil, neutrophil, lymphocyte and plasma cells in nasal tissues among groups. *P < 0.05, **P < 0.01, ***P < 0.001.
Abbreviations: CCAD, central compartment atopic disease; ENP, chronic rhinosinusitis with nasal polyps; NENP, non-eosinophilic chronic rhinosinusitis with nasal polyps;
CRS, chronic rhinosinusitis.
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attentions.37,38 Chinese CCAD in southern China (Guangzhou) did not exhibit neutrophil infiltration, which further
supports that CCAD is a type 2 inflammation condition and have a better progression. Therefore, CCAD could be
a candidate for the biologics targeting type 2 inflammation.

Our study displayed that the prevalence of asthma in Chinese CCAD is 14.29%. Research from Marcus and
colleagues demonstrated that the asthma prevalence was 17.1% in CCAD patients and 37.1% in CRSwNP not otherwise
specified patients.5 One explanation for low asthma prevalence in CCAD is that the central compartment acts as a filter
where aeroallergens deposit most. Only when the system overloads, does the protection shield of the lower airway
decreases and asthma may manifest.5

In the current study, we found AR prevalence is 57.14% for CCAD subjects. These results were in accordance with
study from America in 2020 (CCAD allergy prevalence = 97.6%).5 More importantly, we have dissected aeroallergen
spectrum and demonstrated that D. pteronyssinus was the most dominant aeroallergen (71.43%) in Chinese CCAD
patients. In southern China, dust mite was the most dominant allergen in patients with AR or allergic asthma.39–41 Our
previous study in 2016 (n = 4085) demonstrated that the top three dominant aeroallergens for AR were house dust mites
(84.4%), pet allergen (23.4%), and cockroaches (21.1%).40 Whereas research for Sichuan (Southwest of China) showed
that the mite mix positive rate was 13.38% and cockroach positive rate was 2.08%.41 These results suggest patients from
different areas may have distinct aeroallergen profiles. Potential function of aeroallergen, especially house dust mite, may
exist and drive the eosinophil-dominant inflammatory process of CCAD.

As previously reported by our team,29,42 sampling errors were usually present based on 5 or 10 random HPFs in the
diagnosis of CRSwNP. Furthermore, counting of inflammatory cells in WSI is time-consuming and laborious. Therefore,
AICEP 2.0 was applied to analyze the cellular endotype of CCAD in Chinese population. In the current study, AICEP 2.0
is the first AI used to quantify distinct inflammatory cells including eosinophils, neutrophils, lymphocytes, and plasma
cells based on WSI and to evaluate the density of each inflammatory cell distribution in CCAD patients. Dissection of the
proportion and distribution of inflammatory cells in nasal biopsy may facilitate CCAD diagnosis and provide more
tailored treatment. Since AICEP 2.0 only takes a few minutes to diagnose a patient, so it can help doctors make diagnoses
and decisions more efficiently and effectively. Therefore, the use of AICEP 2.0 could save some manpower and material
resources in China, especially in regions with high populations but limited doctors.

Our present study has several limitations. First, the sample size was limited and external validity of the results was
missing. Some subjects failed to be included due to lacking of CT findings, endoscopic records or serology IgE test
results. Thus, a larger cohort of patients and multi-center study should be conducted to further dissect characteristics of
Chinese CCAD at the next opportunity. Second, sIgE and type 2 inflammation associated cytokines in nasal tissue were
not detected. Identification of these biomarkers is a noteworthy research objective in the future work. It would aid in
understanding of the pathophysiological mechanism and the selection of treatment strategies. Third, we did not evaluate
the surgical outcome or drug prognosis of patients with CCAD. The eosinophilic nasal polyps usually exhibit a higher
recurrence rate, but is sensitive to steroids and biologics such as dupilumab, mepolizumab, and omalizumab. Whether
eosinophil-dominant-CCAD subjects can also benefit from steroids and biologics, or have the recurrent surgical out-
comes need to be further studied in the future work.

In conclusion, Chinese CCAD is an eosinophil-dominant inflammatory pattern based on WSI, which was closely
associated with aeroallergen sensitivity. CCAD patients in the present study usually display mild clinical symptoms and
endoscopic and radiologic findings. CCAD may be identified as the early stage of ENP. Thus, proper management with
allergy control and topical steroids could be recommended for CCAD treatment.
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