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Abstract

Background Chronic rhinosinusitis with nasal polyps (CRSwNP) is an allergic response characterized by type 2
inflammatory reactions mediated by T helper 2 cells (Th2). Th2 is characterized by elevated type 2 cytokines related to
the humoral response, including Interleukin-4 (IL-4), IL-5, IL-6, IL-9, IL-10, IL-13, IL-25 and IL-33. Allergic fungal sinusitis
(AFS) is a distinguishable form of CRSWNP and is characterized by primary localized disease with non-invasive fungal
hyphae, which causes immunoglobulin E (IgE)-mediated mucosal hypersensitivity resulting in the formation of eosin-
ophilic mucin. Interleukin-5 (IL-5) is a pro-inflammatory factor that plays a very important role in eosinophil biology.

Objective To explore the relation between IL-5 tissue protein expression and AFS.

Methods A prospective study performed on 70 patients divided into 2 groups (50 cases of AFS and 20 control who
underwent septoplasty and partial inferior turbinectomy) to assess the role of IL5 in AFS compared to control.

Results IL-5 was overexpressed in polyps of AFS patients compared to the control group denoting AFS as an eosino-
philic mediated type 2 inflammation and highlighting a positive correlation with Lund MacKay radiological score and
Sino-nasal Outcome Test (SNOT-22) score for severity of chronic rhinosinusitis (CRS) symptoms.

Conclusion IL-5 plays a pivotal role in the pathogenesis and severity of AFS. Thus, our results provide encouraging

evidence supporting targeting IL5 as an eligible therapy of promising benefits in AFS.
Keywords Chronic rhinosinusitis, Allergic fungal sinusitis, Functional endoscopic sinus surgery, IL5

Background

CRS is clinically classified into two phenotypes based
on the presence or absence of nasal polyps on endo-
scopic examination: CRS with (CRSwNP) and without
(CRSsNP) nasal polyps [1], AFS is a non-invasive sub-
type of CRSWNP. It was first defined in 1994 using the
following criteria: type | hypersensitivity to fungi, nasal
polyposis, characteristic computed tomography findings,
eosinophilic mucus without fungal invasion, and posi-
tive fungal stain or culture [2, 3]. AFS is the most com-
mon type of fungal sinusitis and tends to have greater
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guantitative serum immunoglobulin E levels and higher
Lund-Mackay scale scores than chronic rhinosinusitis
[4].

Immunologic characterization of sinonasal mucosal
tissue from CRSwNP including AFS patients showed
elevated 2 cytokines such as IL-4, IL-5, and IL-13. In
addition, eosinophils also have a notably elevated pres-
ence within the diseased tissues. It was hypothesized that
a 2response should be triggered in the memory T cells
of these patients when challenged with fungi [5].

IL-5 is a pro-inflammatory factor that plays a very
important role in eosinophil biology. It is the fac-
tor responsible for the di erentiation, growth, acti-
vation, survival, and recruitment of eosinophils into
the airways. It also prevents apoptosis of these cells.
Eosinophils secrete numerous mediators of type 2
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inflammation, including granule proteins, enzymes,
cytokines, chemokines, growth factors, lipids, and oxi-
dation products. Due to its properties, IL-5 may prolong
the survival of eosinophils, which is important in the
development of inflammation. e association of IL-5
with most eosinophil-induced diseases is indicated [6].

Aim of the work
is study is designed to explore the relation between
IL-5 tissue protein expression and AFS.

Methods

A prospective case—control study performed at the Oto-
rhinolaryngology Department, Faculty of Medicine, Ain
Shams University. Between 2020 and 2022

Study population

The current study consists of- Study group (1): includes
50 patients diagnosed with AFS with nasal polyps who
underwent functional endoscopic sinus surgery (FESS).
Study group (2): includes 20 control patients with a
deviated nasal septum and inferior turbinate hyper-
trophy who underwent septoplasty and partial inferior
turbinectomy.

Inclusion criteria  All adult patients with AFS diagnosed
according to Bent and Kuhn's [2] criteria: Presence of
nasal polyposis, characteristic computed tomography
(CT) findings, eosinophilic mucus without fungal inva-
sion, and positive fungal culture.

Exclusion criteria Acute sinusitis. Invasive acute or
chronic fungal sinusitis. Chronic granulomatous inflam-
mations. Patients who used oral or nasal steroids within
the last 4 weeks were excluded to guarantee the specifi-
cation of the targeted study sample and avoid additional
variables that might bias our results.

Ethical considerations
Study procedures abided by a strict protocol which was
fully explained to all patients before the acquisition of
their written consent.

Study procedures

All patients were subjected Full history taking (Allergy
history, Asthma, Aspirin sensitivity, and tobacco use) and
otorhinolaryngological examination. SNOT score was
performed for all patients. Endoscopic examination of
the nasal cavity. CT scan of Paranasal sinus and grading
according to Lund-Mackay CT Scoring.
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Biopsy was obtained from the patients during FESS from
polyps in AFS patients and from turbinate or septal
mucosa in the control group.

Histopathological and immunohistochemical studies

Procedures For each case, a pair of slide sets was pre-
pared for conventional Hematoxylin and Eosin (H& E)
and IL5 stained slides. After serial cuts of 4 um thickness
from para n-embedded tissue sections. Sections were
prepared on conventional glass slides where hematoxy-
lin was added for 45 s, washed, and then the slide was
treated with eosin for 20 s to obtain H& E stained slides.
Sections prepared for IL5 immunostaining were put on
positively charged slides and incubated with purified
anti-mouse/human IL-5 antibody (for 90 min at room
temperature followed by incubation with goat anti-mouse
immunoglobulin (Santa Cruz Biotechnology, Santa Cruz,
CA, USA) for 1 h at room temperature. Visualization of
the immunoreactions was done via 15 min incubation in
streptavidin-conjugate peroxidase. Decolorization was
followed using a 3,3-diaminobenzidine tetrahydrochlo-
ride solution, and then the sections were counterstained
with hematoxylin. Proper positive and negative control
tissue sections were incorporated to validate immunohis-
tochemical expression results.

Evaluation method Each set of slides was coded and
handled to the pathologist blinded by its clinical back-
ground to allow unbiased assessment of histopathologi-
cal and immunohistochemical results. Histopathological
assessment was done by the pathologist for each speci-
men slides through low-power scanning using a (x 10)
magnification lens to assess the overall quality of the sec-
tion, determine the distribution pattern of the inflamma-
tion, and spot the nature of the stromal reaction (reac-
tive edema versus fibrosis). Higher magnifications of
(x 20) and (x 40) were then followed to observe inflam-
matory cell type, epitheliotropism, basement membrane
(BM) thickening, and presence or absence of fungal mud.
Immunohistochemical evaluation was done for each IL5
stained slide by low power scanning (x 10) to detect the
average IL5 expression percentage (Av) in comparison to
the total inflammatory cell population burden [7]. Stain-
ing intensity was regarded as weak (1+), moderate (2+)
and strong (3+). Additionally, the hot spots showing IL5
condensed expression were evaluated and the percent-
age of IL5 stained cells among these hot spots (Hs) was
recorded to test any probably added value of such a pat-
tern. Collaboration of histopathological findings with
those of IL5 was done after separate evaluation of each
set. Merging these results with the clinical background
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for statistical studies and correlations were adopted after
such blinded pathological evaluation to highlight sig-
nificant findings of probable predictive or pathogenic
insights. Data collected from study groups subjected to
statistical analysis.

Statistical methods

Statistical analysis was done using Data were analyzed
using IBM© SPSS© Statistics version 23 (IBM© Corp.,
Armonk, NY) and MedCalc® Statistical Software version
20 (MedCalc Software Ltd, Ostend, Belgium.

Results
Both groups matched statistically regarding age, sex, and
smoking status.

ere was a statistically significant di erence between
the two groups regarding the pattern of inflammation,
edema and fibrosis being more in the AFS group with
p-value (<0.001). However, there was no statistically
significant di erence between the two groups regarding
epithelial tropism, Neutrophils or BM thickening with
p-value (>0.05) (Table 1).

IL-5 HS (%) was higher in the AFS group (median=30)
compared to the control group (median=6.5),
p-value=0.001, also IL-5 AV (%) was higher in the AFS
group (median=8.5) compared to the control group
(median=4), p-value<0.001. For IL-5 intensity, 48%
of the AFS group had strong IL-5 intensity while only
5% of the control group had strong IL-5 intensity, 4% of
the AFS group had weak IL-5 intensity while 55% of the
control group had weak IL-5 intensity, p-value<0.001
(Table 2) (Figs. 1, 2 and 3).

Table 1 Results of histopathology in cases and controls
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Table 2 IL-5 assay in cases and controls

Variable AFS (N=50) Control (N=20) p-value'

IL-5 HS (%), median 300(10.0-400) 65(40-250) .001

(IQR)

IL-5 AV (%), median (IQR) 85(5.0-20.0) 4(20-50) <.001
IL-5 intensity

Weak 4 (8.0%) 11 (55.0%) <.001
Moderate 22 (44.0%) 8 (40.0%)

Strong 24 (48.0%) 1 (5.0%)

T Mann-Whitney test

For IL-5 HS, AUC=0.759, Best cut-o point>6.0%,
p-value<0.001. For IL-5 AV, AUC=0.814, Best cut-o
point>5.0%, p-value<0.001. Using ROC curve analysis
our statistical analysis proposed two cut-o values as a
diagnostic discriminator among the two study groups:
one for Av. score (5%) and another for HS. Score (6%) in
the assessment of IL5 expression. DeLong method was
used to compare the two ROC curves for discrimination
between cases and controls using IL-5 HS or IL-5 AV.
No statistically significant di erence was found between
them. is means that IL-5 HS and IL-5 AV have the
same discrimination ability (Table 3) (Figs. 4 and 5).

Our study showed a strong positive correlation
between the SNOT-22 score and IL-5 HS, Spearman’s
rho=0.711, p-value<0.001. A moderate positive correla-
tion was found between the SNOT-22 score and IL-5 AV,
Spearman’s rho=0.526, p-value<0.001. It also showed a
high statistically significant correlation between IL-5 and
Lund-Mackay score (p-value<0.001) with a strong corre-
lation with IL-5 Hs and a moderate correlation with IL-5
AV (Table 4).

Variable AFS (N=50) Control (N=20) p-value

Pattern of inflammation, n (%) Di use 27 (54.0%) 19 (95.0%) .0o01'
Patchy 23 (46.0%) 1(5.0%)

Epithelial tropism, n (%) Absent 2346.0% () 8 (40.0%) 648"
Present 27 (54.0%) 12 (60.0%)

Neutrophils, n (%) Unremarkable 31 (62.0%) 15 (75.0%) 146"
Minimal 13 (26.0%) 5 (25.0%)
Marked 6 (12.0%) 0 (0.0%)

Edema, n (%) Minimal 28 (56.0%) 20 (100.0%) <.001"
Marked 22 (44.0%) 0 (0.0%)

Fibrosis, n (%) Unremarkable 28 (56.0%) 0(0.0%) <.001*
Minimal 21 (42.0%) 5 (25.0%)
Marked 1(2.0%) 15 (75.0%)

BM, n/N (%) Absent 19/46 (41.3%) 10/20 (50.0%) 513°
Present 27/46 (58.7%) 10/20 (50.0%)

T Pearson chi-squared test
* Linear-by-linear association
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Fig.1 A case of AFS A CT scan shows Lund MacKay score 23, B Histopathology section showing dense di use subepithelial inflammatory
infiltrate, C Same case shows strong IL-5 expression
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Fig. 3 A control patient with hypertrophied inferior turbinate. A CT scan shows Lund MacKay score 2, B Histopathology section, C Same case

shows weak IL-5 expression

It also showed a statistically significant correlation
between IL-5 intensity and SNOT-22 score with p-value
(0.002) (Table 5).

ere was no statistically significant correlation
between IL-5 intensity and any of the histopathological
features with p-value (>0.05) (Table 6).

Discussion

e role of interleukins in CRSWNP is now established in
several studies, AFS being the most common type of fun-
gal sinusitis is an important focus of such studies, but few
studies adopted AFS as a separate entity from CRSwWNP.

is study was designed to correlate IL5 in polyps of

patients diagnosed with AFS as regard the histopatho-
logical finding, Lund MacKay score, and SNOT 22 score
in comparison to turbinate tissue of patients who under-
went septoplasty and turbinectomy.

e current study showed a statistically significant dif-
ference between the AFS and control group regarding
the pattern of inflammation, edema and fibrosis being
more in the AFS group. e predominance of the di use
inflammatory reaction pattern in the AFS group reflects
a host tissue reaction of more manifest magnitude than
those of the control group.

Neutrophils were unremarkable in 62% of AFS patients,
minimal in 26% and marked in 12% denoting weak con-
tribution of neutrophils in AFS pathogenesis.

This study showed a high statistically significant
difference between the AFS and the control group
regarding IL-5 assay being more in the AFS group.
Thus, the expression of IL-5 was more prominent in
the nasal polyps of patients with AFS than in the nasal
mucosa of the control group. The significant differ-
ences among AFS and control groups regarding IL-5
expression whether in average or hot spot assessment
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Table 3 Response-operating characteristic (ROC) curve analysis
for discrimination between cases and controls using IL-5 and
comparison of the (ROC) curves for discrimination between
cases and controls using IL-5 HS or IL-5 AV

Variable IL-5HS IL-5 AV
Area under the ROC curve (AUC) 0.759 0.814
AAUC 0.055

SE for AAUC 0.0551

95% ClI for AAUC -0.053t0 0.163

Standard Error 0.064 0.050
95% Confidence interval (Cl) 0.642 to 0.854 0.704 to 0.897
z statistic 4.032 6.265
p-Value (AUC=05)" <.001 <.001
Youden index J 042 0.54
Best cut-o criterion >6.0% >5.0%
Sensitivity 92% 64%
Specificity 50% 90%
z-value 0.999

p-value’ 318

" DeLong method
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methods highlight the specific role of this cytokine
in AFS inflammatory response and there was no sta-
tistically significant difference between IL-5 HS and
IL-5 AV so both can be used as a method for IL-5
correlations.

Our result is supported by a study performed by Man-
ning and Holman [8] showed that eosinophilic mediators
predominated over neutrophil-derived mediators in the
AFS specimens, whereas in the control group eosinophil
and neutrophil mediators were equal, findings that lend
further support for a noninfectious, immunologically
mediated process.

Also, Millien et al. [9] intranasally stimulated mice with
fungal protease from Aspergillus oryzae and observed
categorical features of allergic airway disease marked by
eosinophilia, increased mucin expression, and increased
canonical type 2 cytokines IL-4, IL-5, and 1L-13.

A study performed by Bachert et al. [5] found that IL-5
was found in 18 of 23 nasal polyps but it was detectable
in only one sample of tissue from 18 control subjects.

IL-5 HS
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Fig. 4 Response-operating characteristic (ROC) curve analysis for discrimination between cases and controls using IL-5 HS. IL-5 HS has fair
discriminative value. Area under the ROC curve (AUC) =.759 (95% Cl = 0.642 to 0.854, p-value <.001). Best cut-0 criterion >6.0% (sensitivity = 92%,

specificity =50%, J-index = 42)
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IL-5 AV
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Fig. 5 Response-operating characteristic (ROC) curve analysis for discrimination between cases and controls using IL-5 AV. IL-5 AV has good
discriminative value. Area under the ROC curve (AUC) =814 (95% Cl=0.704 to 0.897, p-value <.001). Best cut-o criterion>5.0% (sensitivity = 64%,
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Table 4 Correlation of IL-5 with SNOT-22 score and Lund-  Table 6 Correlation between IL-5 intensity and
Mackay score histopathological features
Variable IL-5 HS IL-5 AV IL-5 intensity
Lund-Mackay score Spearman’s rho 729" 453" Pattern of inflammation Kendall's tau-b -030
p-value <.001 .001 p-value 828
SNOT-22 score Spearman’s rho 711" 526" Neutrophils Kendall's tau-b 194
p-value <.001 <.001 p-value 145
* Correlation is signi cant at the 0.01 level (2-tailed) Edema Kendall’s tau-b 130
p-value 349
) ) ) Fibrosis Kendall's tau-b -135
Table 5 Correlation between IL-5 intensity and SNOT-22 score
p-value 325
Variable IL-5intensity  Epithelial tropism Rank-biserial correlation 140
o -val 334
SNOT-22 score Kendall's tau-b 437 pva ue_ ) ) 33
BM Rank-biserial correlation 195
p-value .002
p-value 194

* Correlation is signi cant at the 0.01 level (2-tailed)

Immunohistochemistry revealed an abundant number of
IL-5+cells, of which 69.5% could be identified as eosino-

phils by morphology.

A study performed by Grgi¢ et al. [10] included 30
adults (age>18 years) patients with CRSwWNP who
had been surgically treated for their disease. e
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immunoreactivity to IL-5 was distributed as follows:
seven specimens showed a strong reaction (++ +); seven
had a moderate reaction; 11 had a weak reaction; and in
five, no immunoreactivity to IL-5 was detected.

Another study performed by Xu et al. [11] found that
IL-5 concentration in the polyp tissues was significantly
higher than that in inferior turbinate mucosa (P<0.05).

ere was no significant di erence in inferior turbi-
nate mucosa between the patients with nasal polyps and
healthy volunteers (P>0.05). IL-5 concentration in polyp
tissues was markedly higher in patients with an extensive
polypoid change of nasal mucosa, history of previous
polypectomy and allergic rhinitis compared with those
without these features (P<0.05).

Tyler and Luong [12] investigated several type 2 inflam-
matory cytokines in di erent clinical subtypes of CRS:
Similarly, AFS (45 patients) and CRSWNP (38 patients)
exhibited increased expression of IL-5 when compared
with healthy control (17 patients). Meanwhile, our study
focused only on AFS correlation with IL5.

is study showed no statistically significant correla-
tion between IL-5 intensity and any of the histopatholog-
ical features (pattern of inflammation, epithelial tropism,
neutrophils and basement membrane thickening, tissue
edema and fibrosis) this might be due to the multiple
cytokines involved in the pathophysiology and histo-
pathological pattern of inflammation occurring in AFS.
To our knowledge, no previous studies mentioned the
correlation between IL-5 and histopathological features
in AFS.

Interestingly, this study showed a high statistically sig-
nificant correlation between IL-5 and SNOT-22 score
with a strong correlation with IL-5 Hs and a moderate
correlation with IL-5 AV and a moderate statistically sig-
nificant correlation between IL-5 intensity and SNOT-22
score. this not only endorses our claims of the IL5's key
role in inflammation but also highlights that such role
echoes on the patient’s clinical status, thus emphasizing
the presence of direct and indirect pathogenic e ects of
IL5 that attributes to the severity of symptoms Moreover,
the superior significance of HS scoring as compared to
Av.score might suggest an augmented e ect of IL5 parac-
rine cross-talks when eosinophils are clustered.

It also showed a high statistically significant correla-
tion between IL-5 and Lund-Mackay score with a strong
correlation with 1L-5 Hs and a moderate correlation with
IL-5 AV.

In patients with CRSwWNP, the serum level of IL-5,
POSTN and IL-33 positively correlated with the Lund-
Mackay score, according to CT images. also, Significant
relationships were also found between the serum level
of IL-5, POSTN and IL-33 and disease severity, as deter-
mined by VAS score [13].
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De Corso et al. [14] performed a study on 2 groups
of patients: the first was characterized by high levels
of IL-4, IL-5, IL-6, and a high-grade eosinophil count
(type 2—high). In the second (type-2 low), lower levels of
cytokines were detected in nasal secretions and eosino-
philic inflammation was poor or absent. Interestingly,
they observed that type 2-high patients showed poorer
clinical performance with a substantially higher subjec-
tive and objective disease severity as documented by clin-
ical scores such as SNOT-22 and Lund MacKay score.

A study performed by Bachert et al. [15] proved inhibi-
tory e ects on nasal polyposis can be also exerted by anti-
IL-5 monoclonal antibodies such as mepolizumab and
reslizumab. SNOT-22 score was reported to be improved
by both these drugs. Mepolizumab also improved nasal
polyposis visual analog scale (VAS) score and endoscopic
nasal polyp score, as well as significantly decreased the
need for surgical treatment of nasal polyp.

Also, a study performed by Shilpika et al. [16] identified
247 patients who received anti-asthma biologic therapy
and had co-existent CRS. Of these, 181 patients (73.3%)
had CRSWNP and 66 (26.7%) had CRSsSNP. e biologics
utilized were omalizumab (51.0%), mepolizumab (46.6%),
benralizumab (10.5%), reslizumab (1.6%), and dupilumab
(2.4%). Anti-interleukin-5 (anti-IL-5) intervention was
associated with significant improvement in CT scores
(CRS overall, CRSWNP subgroup, CRSsNP subgroup)
and SNOT-22 scores (CRS overall, CRSWNP subgroup).

us, our study confirms that the endotyping of AFS
is type 2 eosinophilic mediated inflammation skewing
towards data coming from the American and European
cohorts about CRSWNP [17] and not type 1 as data com-
ing from the Asian population [18].

Limitation of this study

We are aware of some limitations in our study, for exam-
ple the sample size; a larger size with a higher number
of enrolled candidates would have validated our results
on more solid grounds, however, we had set our priority
on using strictly delineated inclusion and exclusion cri-
teria to guarantee the reliability of our results and their
genuine association to the chosen group. As such, we can
assure that such findings are reliable even though we are
acquainted that their verification requires larger scope
research work.

Moreover, we would advise using image analyzing
techniques in the assessment of the histopathological
parameters to obtain more objectivity of the data regard-
ing measurements and scores. Nonetheless, we tried to
overcome such a point by blinding the pathologist from
all underlying clinical backgrounds to guarantee an unbi-
ased evaluation of all histopathological and IL5 immuno-
histochemical results.
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Conclusion

IL-5 is overexpressed in polyps of AFS patients com-
pared to the control group confirming AFS is an eosin-
ophilic mediated type 2 inflammation and IL-5 has a
positive correlation with Lund MacKay radiological
score and SNOT-22 score for severity of CRS symp-
toms. us, IL-5 plays a pivotal role in the pathogenesis
and severity of AFS. So, our results provide encour-
aging evidence supporting targeting IL5 as an eligible
therapy of promising benefits in AFS.

Abbreviations

CRSWNP  Chronic rhinosinusitis with nasal polyps
Th2 T helper 2

IL-5 Interleukin-5

AFS Allergic fungal sinusitis

IgE Immunoglobulin E

SNOT Sino-nasal Outcome Test

CRS Chronic rhinosinusitis

CRSSNP  Chronic rhinosinusitis without nasal polyps
FESS Functional Endoscopic Sinus Surgery
CT Computed tomography

H&E Hematoxylin and Eosin

Hs Hot spots

AV Average

BM Basement membrane

IQR Interquartile range

AUC Area under the curve

ROC Response-operating characteristic

Cl Confidence interval

VAS Visual analog scale

Acknowledgements
Not applicable

Authors’ contributions

HAM have made design of the work and have agreed both to be personally
accountable for the author’s own contributions and to ensure that questions
related to the accuracy or integrity of any part of the work. AGS have made
substantial contributions to the conception and approved the submitted
version and have agreed both to be personally accountable for the author’s
own contributions and to ensure that questions related to the accuracy or
integrity of any part of the work. MMK have drafted the work or substantively
revised it and approved the submitted version and have agreed both to be
personally accountable for the author’s own contributions and to ensure that
questions related to the accuracy or integrity of any part of the work. LSS have
made interpretation of data and approved the submitted version and have
agreed both to be personally accountable for the author’s own contributions
and to ensure that questions related to the accuracy or integrity of any part of
the work. AHM have drafted the work or substantively revised it and approved
the submitted version and have agreed both to be personally accountable

for the author’s own contributions and to ensure that questions related to the
accuracy or integrity of any part of the work. MMM (corresponding author)
ensured that all listed authors had approved the manuscript before submis-
sion, including the names and order of authors, and that all authors received
the submission and all substantive correspondence with editors, as well as the
full reviews, verified that all data, figures, materials (including reagents), and
code, even those developed or provided by other authors, comply with the
transparency and reproducibility standards of both the field and journal.

Funding
Not applicable.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article [and its supplementary information files].

Page 8 of 9

Declarations

Ethics approval and consent to participate

Informed consent from participants obtained to participate in the study at
otorhinolaryngology department Faculty of Medicine Ain Shams University.
Approved by an ethical committee of Faculty of Medicine Ain Shams Univer-
sity before the start of the recruitment (FMASU M D 264/2020).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 19 January 2023 Accepted: 23 March 2023
Published online: 26 April 2023

References

1. FokkensWJ, Lund VJ, Mullol J, Bachert C, Alobid | et al (2012) European
position paper on rhinosinusitis and nasal polyps. A summary for otorhi-
nolaryngologists Rhinology 50:1-12

2. BentJP, Kuhn FA (1994) Diagnosis of allergic fungal sinusitis. Otolaryngol
Head Neck Surg 111:580-588

3. deShazo RD, Swain RE (1995) Diagnostic criteria for allergic fungal sinusi-
tis. J Allergy Clin Immunol 96:24-35

4. Lu-MyersY, Deal AM, Miller JD, Thorp BD, Sreenath SB, McClurg SM, Senior
BA, Zanation AM, Ebert CS Jr (2015) Comparison of Socioeconomic and
Demographic Factors in Patients with Chronic Rhinosinusitis and Allergic
Fungal Rhinosinusitis. Otolaryngol Head Neck Surg. 153(1):137-43.
https://doi.org/10.1177/0194599815580978

5. Bachert C, Gevaert P, Holtappels G, Cuvelier C, Van Cauwenberge
P (2000) Nasal polyposis: from cytokines to growth. Am J Rhinol
14(5):279-290

6. Gevaert P Han JK, Smith SG, Sousa AR, Howarth PH, Yancey SW, Chan R,
Bachert C (2022) The roles of eosinophils and interleukin-5 in the patho-
physiology of chronic rhinosinusitiswith nasal polyps. Int Forum Allergy
Rhinol. 12(11):1413-1423. https.//doi.org/10.1002/alr.22994

7. Jung JH, Kang IG, Kim DY, Hwang YJ, Kim ST (2013) The e ect of Korean
red ginseng on allergic inflammation in a murine model of allergic rhini-
tis. J Ginseng Res 37(2):167

8. Manning SC, Holman M (1998) Further evidence for allergic pathophysi-
ology in allergic fungal sinusitis. Laryngoscope 108(10):1485-1496
Millien VO, Lu W, Shaw J et al (2013) Cleavage of fibrinogen by pro-
teinases elicits allergic responses through Toll-like receptor 4. Science
341:792-796

10. Grgi¢ MV, Cupi¢ H, Kalogjera L (2015) Surgical treatment for nasal polypo-
sis: predictors of outcome. Eur Arch Otorhinolaryngol 272:3735-3743

11. XuR,LiY, Xie M, Xu G, Zhang G, Wang S (2000) The concentration and
expression of IL-5 in human nasal polyp tissue]. Zhonghua Er Bi Yan Hou
Ke Za Zhi 35(4):251-254

12. Tyler MA, Luong AU (2018) Current understanding of allergic fungal
rhinosinusitis. World J Otorhinolaryngol Head Neck Surg 4(3):179-185

13. Zielinska-Blizniewska H, Paprocka-Zjawiona M, Merecz-Sadowska A,
Zajdel R, Blizniewska-Kowalska K, Malinowska K (2022) Serum IL-5, POSTN
and IL-33 levels in chronic rhinosinusitis with nasal polyposis correlate
with clinical severity. BMC Immunol 23(1):33

14. De Corso E, Baroni S, Settimi S, Onori M (2022) Sinonasal Biomarkers
Defining Type 2-High and Type 2-Low Inflammation in Chronic Rhinosi-
nusitis with Nasal Polyps: Jornal of personalized medicine. J Pers Med
12:1251

15. Bachert C, Sousa AR, Lund VJ et al (2017) Reduced need for surgery in
severe nasal polyposis with mepolizumab: Randomized trial. Journal of
Allergy and Clinical Immunology 140:1024-1031

16. Bajpai S, Marino MJ, Rank MA, Donaldson AM, O'Brien EK, Lal D (2021)
Benefits of biologic therapy administered for asthma on co-existent
chronic rhinosinusitis: A real-world study Int Forum Allergy Rhinol
11:1152-1161


https://doi.org/10.1177/0194599815580978
https://doi.org/10.1002/alr.22994

El Ebiary et al. The Egyptian Journal of Otolaryngology (2023) 39:76

17. Stevens WW, Lee RJ, Schleimer RP, Cohen NA (2015) Chronic rhinosinusitis
pathogenesis. J Allergy Clin Immunol 136:1442-1453

18. Zhang N, Van Zele T, Perez-Novo C, Van Bruaene N, Holtappels G, DeRuyck
N, Van Cauwenberge P, Bachert C (2008) Di erent types of T-e ector cells
orchestrate mucosal inflammation in chronic sinus disease. J Allergy Clin
Immunol 122:961-968

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional a liations.

Page 9 of 9

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




