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Abstract The surrogate markers for subclassifying
eosinophilic chronic rhinosinusitis (ECRS) and non-ECRS
remain elusive. We herein performed a cross-sectional
study to assess the clinical implication of clinical symp-
toms, CT findings, blood eosinophil (EOS) examination
based on histological examination of tissue eosinophilia in
105 adult CRS patients (including 72 with nasal polyps and
33 without nasal polyps) in southern China. We found the
mean score of smell loss was significantly higher in ECRS
subgroup than those in non-ECRS subgroup (p < 0.05),
whereas the average ethmoid osteitis index in non-ECRS
subgroup was significantly higher than that in ECRS sub-
group (p < 0.05). Moreover, we found both the mean blood
EOS number and ratio were significantly higher in ECRS
subgroup than those in non-ECRS subgroup (p < 0.05).
By applying receiver operating characteristic (ROC) curve
analysis, we found blood EOS number had a sensitivity
of 84.9 % and specificity of 84.4 % [area under the curve
(AUC): 0.873] at the cutoff level of 0.16 x 10°L, and
blood EOS ratio had a sensitivity of 89.0 % and specific-
ity of 84.4 % (AUC: 0.863) at the cutoff level of 2.05 %
in this cohort. Our findings indicated that smell loss score,
ethmoid osteitis index and blood EOS number and ratio
may be used for the differential diagnosis of ECRS as the
surrogate markers.
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Introduction

Chronic rhinosinusitis (CRS) is characterized by inflam-
mation of the nasal mucosa and paranasal sinuses of at
least 12 weeks duration. Based on the presence or absence
of nasal polyps, CRS has been most commonly subdi-
vided into 2 clinical subsets: CRS without nasal polyps
(CRSsNP) and CRS with nasal polyps (CRSwNP) [1, 2].
In general, CRSsNP tends to be neutrophilic and CRSwNP
is considered eosinophilic. The presence or absence of
nasal polyps has been extensively used in routine clinical
practice for defining differential therapies in several inter-
national consensuses for the diagnosis and management of
CRS [24].

However, CRS in reality contains a group of disor-
ders with large degree of heterogeneity in the underlying
pathophysiology and associated histological features, and
both the presence and extent of eosinophilia in CRSwNP
can be quite variable in different regions [5]. In the West-
ern population, more than 80 % CRSwNP patients demon-
strated significant eosinophilic inflammation. In contrast,
in China and other Asian countries, recent studies showed
that 30-50 % of CRSwNP patients presented non-eosino-
philic inflammation [6—8]. In addition to CRSwNP, signifi-
cant tissue eosinophilia was also observed in some patients
with CRSsNP. For example, Snidvongs et al. [9] reported
approximately 20 % of CRSsNP demonstrate significant
tissue eosinophilia with increased disease severity. Taken
together, the categorization based on simple clinical pheno-
type (the presence or absence of nasal polyps) has proved
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difficult to apply for improved prognostication and evi-
dence-based management of the inflammation condition.

As an alternative, endotyping CRS patients with his-
topathological classifications [eosinophilic CRS (ECRS)
versus non-eosinophilic CRS (non-ECRS)], rather than
simple clinical phenotypes (CRSwWNP versus CRSsNP),
may represent a more appropriate approach to individu-
alized disease management [10]. Currently, the criterion
and surrogate markers for subclassifying ECRS and non-
ECRS remain elusive. To address this issue, we performed
a cross-sectional study to assess the diagnostic values of
clinical parameters [clinical symptoms, CT findings, blood
examination of eosinophil (EOS) for ECRS] based on his-
tological examination of tissue eosinophilia in southern
China. Our findings may be of interest for improved differ-
ential diagnosis and individualized management for CRS
patients.

Materials and methods
Subjects

A cross-sectional study of consecutive patients undergoing
sinus surgery was undertaken. One hundred and five adult
CRS patients (>18 years) (including 72 CRSwNP and 33
CRSsNP) who were ready for endoscopic sinus surgery
in our hospital were recruited. The diagnosis of CRS was
in accordance with the criterion set by the EPOS 2012
position paper [2]. The atopic status of CRS patients was
evaluated by skin prick test or using the ImmunoCAP test
(Phadia, Uppsala, Sweden) for detecting IgE antibodies
against various common inhalant allergens. All patients
were ready sinus surgery for after failing previous medi-
cal therapy. No patients were using oral steroid for 4 weeks
prior to surgery.

Data from clinical presentations (symptom severity was
scored using a 7-point visual analog scale) [4], histopathol-
ogy [hematoxylin and eosin (HE) stain], computed tomog-
raphy (CT) scan and blood markers (EOS number and ratio)
were collected and analyzed. The demographic characteristics

are listed in Table 1. The study had ethical approval from the
institutional review board of the First Affiliated Hospital of
Sun Yat-sen University. All participants provided their written
informed consent to participate in this study.

Histological examination

In the histological study, standard HE stain was applied on
all sinus tissues. The sections were examined and scored
by two independent observers who were blind to the clini-
cal data. The number of EOS was counted in 10 randomly
selected high power fields (HPFs) (400x magnification)
and averaged. CRS was classified as eosinophilic when the
average number of tissue EOS was more than S/HPFs (mag-
nification, x400), as suggested by Kountakis et al. [11].

Radiological assessment

All preoperative CT scans (within 4 weeks) were evaluated
with Lund-Mackay score and radiological osteitis index.
The maximum bone thickness of the ethmoid and maxillary
sinuses was measured, and the sphenoid and frontal sinus
thickness was not evaluated. The thickening bony wall or
partition was defined as bone thickness >3 mm radiologi-
cally. A system using CT to diagnosis osteitis based on
the thickness of bony partitions in the ethmoid sinus was
described by Lee et al. [12]. The ethmoid osteitis index
was scored as follows: 1, mild, bony partition is <3 mm; 2,
moderate, bony partition is between 3 and 5 mm; 3, severe,
bony partition is more than 5 mm.

Blood parameters

A complete peripheral blood cell count with differential
calculation was performed by automated analysis, and the
blood EOS number and ratio were recorded.

Statistical analysis

The number and ratio of tissue and blood EOS were
expressed as medians and interquartile ranges (IQRs) and

Table 1 Demographics and

clinical characteristics of ECRS ECRS subgroup (n = 73) Non-ECRS subgroup (n = 32) p value

and non-ECRS patients Male (%) 44 (60.27) 15 (46.88) NS
Age (years) 34.81 +15.82 30.06 £+ 13.12 NS
Duration of disease (years) 7.01 £ 6.17 9.27 +7.87 NS
Smoking (%) 20 (27.40) 10 (31.25) NS
Patients with nasal polyps (%) 57 (78.08) 15 (46.87) 0.002
Previous surgery (%) 29 (39.73) 16 (50.00) NS
Patients with atopy (%) 38 (52.05) 6 (18.75) 0.001
Patients with asthma (%) 8 (10.95) 0 (0.00) 0.048
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analyzed using a nonparametric Mann—Whitney U test.
Some continuous variables are expressed as means and
standard deviations (SD) of the mean and analyzed using
a Student’s t test. Chi-square analysis or Fisher’s exact
test was used for relationships of nominal variables. The
Spearman rank correlation test was used to analyze the cor-
relation among different parameters. A receiver operating
characteristic (ROC) curve was generated to find the best
cutoff of a predictor for the diagnosis of ECRS. The area
under the curve (AUC) for each potential predictor was cal-
culated; an AUC with a value close to 1 indicates an excel-
lent ability to discriminate. A p value <0.05 was considered
statistically significant.

Results
Patient demographics

In this cross-sectional study, we consecutively enrolled 105
CRS patients (including 59 male and 46 female) for analy-
sis. The average age was 33.4 £+ 15.2 years old, and the
mean disease duration was 7.7 £ 6.7 years. Of them, 30
patients (28.5 %) were smokers, 44 patients (41.9 %) were
atopic and 8 patients (7.6 %) had a history of asthma, 72
patients (68.5 %) were with nasal polyps (CRSwNP), 45
patients (42.8 %) had a history of sinus surgery. The major
and minor clinical symptoms included nasal congestion
(81.9 %), anterior nasal rhinorrhea (73.3 %), posterior nasal
rhinorrhea (61.9 %), facial pain/fullness (27.6 %), head-
ache (58.1 %), fatigue (75.2 %), smell loss (66.7 %), ear
pain/fullness (38.1 %), cough (41.9 %), halitosis (50.5 %),
dental pain (23.8 %) and fever (13.3 %). Based on the his-
tological criteria (tissue EOS number >5/HPFs) of ECRS
suggested by Kountakis et al. [11], we identified 73 ECRS
patients (69.5 %) and 32 non-ECRS patients (30.5 %) in
this cohort.

Symptom parameter

As shown in Table 1, we found the ratio of concurrent nasal
polyps, asthma and atopy was significantly higher in ECRS
subgroup than those in non-ECRS subgroup (p < 0.05). Of
the 12 main and minor symptoms documented (Table 2),
we only found the mean score of smell loss was signifi-
cantly higher in ECRS subgroup than those in non-ECRS
subgroup (p < 0.05). Other symptoms, such as nasal
obstruction, anterior nasal rhinorrhea, posterior nasal rhi-
norrhea, facial pain/fullness, headache, fatigue, ear pain/
fullness, cough, halitosis, dental pain and fever, exclusively
showed no significant difference in 2 subgroups. These
findings suggested that smell loss may be used as an indi-
cator for ECRS patients.

CT parameter

The representative findings of ECRS and non-ECRS deter-
mined by histological examination and CT scan were shown
in Fig. 1. Both ECRS and non-ECRS exerted extensive
involvement and enhanced sinus pacification in the advanced
stage (disease duration >5 years). As illustrated in Table 3,
we found the Lund-Mackay scores of nasal sinuses (maxil-
lary sinus, anterior ethmoid sinus, posterior ethmoid sinus,
frontal sinus and sphenoid sinus) and ostiomeatal complex
showed no significant difference in 2 subgroups. However,
when specifically evaluating the bone thickening in the max-
illary sinus and ethmoid sinus in CRS patients, we found
that thickening bony wall and partition in the maxillary or
ethmoid sinus was more common in non-ECRS subgroup
than in ECRS subgroup (27/32 versus 18/73)(p < 0.01).
When an osteitis index was applied for evaluating the thick-
ening of bony partition in ethmoid sinus, we found the aver-
age ethmoid osteitis index in ECRS subgroup was signifi-
cantly lower than that in non-ECRS subgroup (1.26 £ 0.50
versus 2.72 + 0.52, p < 0.01). These findings suggested that

Table 2 Nasal and related

symptoms in ECRS and ECRS subgroup (n = 73) non-ECRS subgroup (n = 32) p value
non-ECRS Patients Nasal obstruction 4.00 + 1.80 3.41 4201 NS
Anterior nasal rhinorrhea 2.99 4+ 1.69 291 £1.35 NS
Posterior nasal rhinorrhea 2.84 £+ 1.79 2.84 £1.83 NS
Facial pain/fullness 1.62 £ 1.10 1.50 £ 1.12 NS
Headache 241 £+ 1.70 2.88 £1.91 NS
Fatigue 2.62 +1.47 313 £ 143 NS
Smell loss 3.62 +£2.31 272 +1.92 0.042
Ear pain/fullness 1.84 £ 1.15 1.50 £ 1.16 NS
Cough 1.92+1.32 1.69 £ 1.23 NS
Halitosis 2.30 £+ 1.60 2.06 + 1.44 NS
Nasal and related symptoms Dental pain 1.40 £ 0.86 147 £ 1.14 NS
were scored using a 7-point Fever 1.26 +0.82 134+ 0.97 NS

visual analog scale
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Fig. 1 The representative
histological and CT findings of
ECRS and non-ECRS patients.
a The representative histological
finding of ECRS and non-CRS
patients; b the representative CT
findings of ECRS and non-CRS
patients

Table 3 Lund-Mackay scores of CT scans in ECRS and non-ECRS
Patients

ECRS group non-ECRS group  p value
(n=173) (n=32)
Maxillary sinus 2.0 (2.0,4.0) 3.0(2.0,4.0) NS
Anterior ethmoid 2.0 (2.0, 4.0) 2.0 (1.0, 4.0) NS
sinus
Posterior ethmoid 1.0 (0.0, 3.5) 0.5 (0.0, 2.75) NS
sinus
Frontal sinus 2.0 (0.0, 4.0) 2.0 (0.0, 4.0) NS
Sphenoid sinus 0.0 (0.0, 2.0) 0.0 (0.0, 2.0) NS
Ostiomeatal 4.0 (2.0,4.0) 4.0 (4.0,4.0) NS
complex

ethmoid osteitis index, rather than Lund-Mackay score, may
be used as a counter indicator for ECRS patients.

Blood parameters

To further investigate the surrogate markers for ECRS
patients, we next examined the blood parameters in
this cohort. In these 105 CRS patients, the mean blood
EOS number and ratio were 0.26 &+ 0.19 x 10%L, and
3.34 &+ 2.37 %, respectively. Both the mean blood EOS num-
ber and ratio were significantly higher than those in the nor-
mal controls (Fig. 2, p < 0.05). When the mean blood EOS
number and ratio with tissue EOS number in CRS patients
were correlated, we found the mean blood EOS number, as
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well as blood EOS ratio, was positively related to the tissue
EOS number, with significant difference (Fig. 3, p < 0.05).
Moreover, when the CRS patients were subdivided into
ECRS and non-ECRS subgroups, we found the mean blood
EOS number in ECRS and non-subgroups were 0.34 (0.22,
0.40) x 10%L and 0.07 (0.04, 0.12) x 10°/L, respectively,
and the mean blood EOS ratio in ECRS and non-ECRS sub-

groups were 3.80 (2.80, 5.30) % and 1.25 (0.40, 1.90) %,
respectively. Both the mean blood EOS number and ratio
were significantly higher in ECRS subgroup than those in
non-ECRS subgroup (p < 0.01).

To further validate the clinical implication of mean
blood EOS number and ratio in the differential diagnosis of
ECRS and non-ECRS, we next performed ROC curve anal-
ysis of mean blood EOS number and ratio in ECRS and
non-ECRS patients. As illustrated in Fig. 4, we found blood
EOS number had a sensitivity of 84.9 % and specificity of
84.4 % (AUC: 0.873) at the cutoff level of 0.16 x 10°/L,
and blood EOS ratio had a sensitivity of 89.0 % and speci-
ficity of 84.4 % (AUC: 0.863) at the cutoff level of 2.05 %.
These findings suggested that the mean blood EOS number,
as well as blood EOS ratio, may be used as a useful surro-
gate marker for the diagnosis of ECRS as well.

Discussion

In the present study, we have shown that the mean score of
smell loss was significantly higher in ECRS subgroup than
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those in non-ECRS subgroup, whereas the average ethmoid
osteitis index in non-ECRS subgroup was significantly
higher than that in ECRS subgroup. Moreover, we found
both the mean blood EOS number and ratio were signifi-
cantly higher in ECRS subgroup than those in non-ECRS
subgroup. Therefore, our finding may be beneficial to the
differential diagnosis and subsequent personalized therapy
of ECRS and non-ECRS patients.

Recent study showed that the inflammatory patterns in
sinus disease in the same geographical area may change
toward eosinophilic phenotype over time, suggesting that
the inflammatory patterns of ECRS and non-ECRS may
not only vary with the location, but also over time [5, 13].
Moreover, it has been proposed that ECRS patients have
differential disease severity and treatment outcomes com-
pared to non-ECRS patients [14]. Thus, differential diag-
nosis of ECRS and non-ECRS patients may represent the
first logistical step to establish individualized management

[15]. Currently, there is no official gold standard diagnostic
test for ECRS. Histology is considered the most accurate
method, and most histological criteria which have been
proposed are based on tissue EOS number. For example,
in Kountakis et al. [11] study, they proposed a cutoff value
for non-ECRS by evaluating the degree of sinus tissue
eosinophilia (<5 EOS/HPFs). Consequently, they found
that ECRS patients had higher frequency of nasal polyps
and asthma and higher CT and endoscopy scores than non-
ECRS patients. In the present study, we firstly examined the
clinical characteristics of ECRS and non-ECRS patients.
The ECRS patients had been identified by adopting a his-
tological criterion proposed by Kountakis et al. As a result,
we identified 73 ECRS patients (69.5 %) and 32 non-ECRS
patients (30.5 %) in this cohort. In agreement with Ouy-
ang’s report, we found the mean score of smell loss was
significantly higher in ECRS subgroup than those in non-
ECRS subgroup (p < 0.05). These findings suggested that
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smell loss may be used as an indicator for ECRS patients.
Our findings were in contrast to the previous report that
clinical characteristics of ECRS are apparently different
from that of non-ECRS [14], which may be ascribed to the
advanced stage of CRS patients included in this cohort.
Although the diagnosis of ECRS has prognostic implica-
tions, it is not a routine to conduct histological examination
in CRS patients before sinus surgery. Alternatively, radio-
logical findings such as CT scan may be used as a surrogate
marker for ECRS patients. For example, Ishitoya et al. pro-
posed that ECRS patients showed ethmoid predominance
in early stages, whereas non-ECRS patients showed maxil-
lary predominance in early stages under CT scan. Based on
these findings, Sakuma et al. have established a set of CT
parameters (olfactory cleft score >1 and posterior ethmoid
score >1) in addition to blood examination to differentiate
ECRS from non-ECRS in regular outpatient clinics [16]. In
this study, however, we found both ECRS and non-ECRS
exerted extensive involvement and enhanced sinus pacifi-
cation, and the Lund-Mackay scores of nasal sinuses and
ostiomeatal complex showed no significant difference in
2 subgroups. This may be ascribed to the advanced stage
of CRS patients included in this cohort. However, when
specifically evaluating the bone thickening in the maxil-
lary sinus and ethmoid sinus in CRS patients, we found
that thickening bony wall and partition in the maxillary or
ethmoid sinus were more common in non-ECRS subgroup
than in ECRS subgroup (27/32 versus 18/73), which was
contrast to Snidvongs et al.’s [17] recent report that CRS
patients with mucosal eosinophilia had higher osteitis score
than those without. Moreover, when an osteitis index was
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applied for evaluating the thickening of bony partition in
ethmoid sinus, we found the average ethmoid osteitis index
in ECRS subgroup was significantly lower than that in non-
ECRS subgroup. These findings suggested that ethmoid
osteitis index, rather than Lund-Mackay score, may be used
as a counter indicator for ECRS patients.

CRSwNP is generally characterized by Th2-skewed
inflammation and enhanced tissue eosinophilia in west-
ern population [18]. Although the data are compelling
that eosinophilia is more likely to be associated with the
presence of nasal polyps, both the presence and extent of
eosinophilia in nasal polyps can be quite variable [18, 19],
and a large subset of nasal polyps observed in CRSwNP
patients in China, Japan or other countries in East Asia
show non-eosinophilic inflammation [6-8]. On the other
hand, enhanced tissue eosinophilia is also present in up to
19 % of CRSsNP patients [9]. These findings suggested
that nasal polyps itself cannot be considered a convincing
indicator of tissue eosinophilia or ECRS. In some studies,
tissue and blood eosinophilia showed significant correla-
tions in CRS patients, providing the possibility that blood
EOS can be used as the surrogate marker of ECRS patients
[16]. Consistently, in this cohort, we found both the mean
blood EOS number and ratio were significantly higher than
those in the normal controls. When the mean blood EOS
number and ratio with tissue EOS number in CRS patients
were correlated, we found the mean blood EOS number,
as well as blood EOS ratio, was positively related to the
tissue EOS number. Moreover, we found both the mean
blood EOS number and ratio were significantly higher in
ECRS subgroup than those in non-ECRS subgroup. These
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findings suggested blood EOS parameter may be used as a
simpler and more practical strategy for subclassification of
ECRS and non-ECRS.

Some authors recently attempted to examine blood
EOS number and ratio to identify the diagnostic accuracy
for ECRS patients. For example, Sakuma et al. proposed
a blood parameter (increased blood EOS percentage
above the normal range) in addition to clinical and CT
examination to differentiate ECRS from non-ECRS and
obtained high accuracy (sensitivity, 84.6 %; specificity,
92.3 %) in regular outpatient clinics, but they failed to
obtain histological confirmation [16]. Recently, Hu et al.
enrolled 155 CRSwNP patients in a cohort in central
China and examined the diagnostic significance of blood
EOS count for eosinophilic CRSwNP [20]. They found
an absolute blood EOS count of 0.215 x 10°/L yielded
a sensitivity of 74.2 % and a specificity of 86.5 %, and
a blood EOS percentage of 3.05 % yielded a sensitivity
of 80.3 % and a specificity of 75.3 % for the diagnosis
of eosinophilic CRSwNP. However, they specifically
defined ECRS using tissue EOS ratio as tissue criterion
of eosinophilic CRSwNP, which may not be as same con-
vincing as tissue EOS number. In the present study, we
firstly conducted the differential diagnosis of ECRS and
non-ECRS based on a well-recognized histological cri-
terion (tissue EOS number >5/HPFs), which makes the
subsequent findings more reliable and scientific. Simi-
lar to the aforementioned findings, we found blood EOS
number had a sensitivity of 84.9 % and specificity of
84.4 % (AUC: 0.873) at the cutoff level of 0.16 x 10°/L,
and blood EOS ratio had a sensitivity of 89.0 % and
specificity of 84.4 % (AUC: 0.863) at the cutoff level of
2.05 % for the diagnosis of ECRS in this cohort. Collec-
tively, our findings suggested that the mean blood EOS
number, as well as blood EOS ratio, may be used as a
useful surrogate marker for the diagnosis of ECRS in
southern China.

Conclusion

We found smell loss score, ethmoid osteitis index and
blood EOS number and ratio may be used for the differen-
tial diagnosis of ECRS. Further study is required to com-
parably examine the differential responsiveness of ECRS
and non-ECRS patients to steroid and macrolide treatment.
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