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Abstract
Purpose A growing body of evidence has elucidated that the gut microbiota has a crucial impact on the pathophysiological 
process of atopic diseases. Eosinophilic chronic rhinosinusitis with nasal polyps (eCRSwNP) is a local atopic disease of the 
systemic immune response. Alterations in the gut microbiome in eCRSwNP patients remain largely undefined.
Methods 16S rRNA gene sequencing was performed in a cross-sectional study of 17 eCRSwNP patients, 9 noneCRSwNP 
patients and 13 healthy controls, and gut microbiota DNA sequencing between each pair of groups was compared using 
bioinformatic methods.
Results Compared with that of healthy controls, the gut microbiomes of eCRSwNP patients were characterised by a distinct 
overall microbial composition. However, no significant differences were found in the alpha diversity of the gut microbiota 
between patients and healthy controls. The distinct differences in microbial composition were significantly correlated with 
the severity of disease. At the genus level, the abundance of Faecalibacterium positively correlated with Lund-Mackay CT 
scores. Similarly, the abundance of Turicibacter positively correlated with the percentage of tissue eosinophils.
Conclusions We found alterations in the gut microbiome in eCRSwNP patients, and the alterations in the gut microbiome 
were correlated with the severity of disease.
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Introduction

The interaction between the gut microbiota and the host has 
a significant impact on the host’s health and has become a 
research hotspot in recent years [1, 2]. The gut microbiota 
not only has an important influence on the digestive system 

but also may affect the immune balance of the whole body 
by regulating the function of immune cells and inflamma-
tory responses. An imbalance in the gut microbiota may be 
closely related to the occurrence and development of vari-
ous diseases. Existing studies have confirmed that an imbal-
ance in the gut microbiota is associated with the occurrence 
and development of various chronic inflammatory diseases, 
such as asthma, inflammatory bowel disease, and rheumatoid 
arthritis  [3–5].

Chronic sinusitis with polyps (CRSwNP) is a common 
chronic inflammatory disease of the nasal mucosa, with a 
prevalence of 4–8% in the population [6, 7]. This disease 
can be divided into two different intrinsic types based on 
its clinical manifestations and pathological characteristics: 
eosinophilic nasal polyps and noneosinophilic nasal polyps. 
The pathogenesis of CRSwNP is complex, and the body's 
immune system may be closely related to the occurrence and 
development of CRSwNP. Its immune response is abnor-
mal and manifests as a Th1/Th2 cell imbalance, abnormal 
regulatory T-cell function, and eosinophil infiltration [8–11]. 
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However, no research has been conducted on the relation-
ship between the gut microbiota and chronic sinusitis (CRS).

This study aimed to explore the correlation between the 
gut microbiota and chronic sinusitis. We used 16S rRNA 
microbiomic technology to analyse the gut microbiota of 
patients with different intrinsic types of chronic sinusitis and 
healthy controls (HCs), compare the differences between 
them, and explore the relationships between these differ-
ences and the pathogenesis, clinical symptoms, and treat-
ment effects of chronic sinusitis. Through this study, we 
hope to understand the correlation between the gut micro-
biota and chronic sinusitis and provide new ideas and targets 
for the prevention and treatment of CRS.

Methods

Patient enrolment

This study recruited 17 eosinophilic CRSwNP patients 
(eCRSwNPs), 9 non-eCRSwNPs, and 13 HCs between 
March 2021 and July 2021. This study was performed in 
accordance with the relevant guidelines and regulations. 
Written informed consent was obtained from all participants. 
All subjects were between 24 and 68 years of age. The clini-
cal diagnosis of CRSwNPs was based on the guideline cri-
teria of the European Position Paper on Rhinosinusitis and 
Nasal Polyps (2020). Subjects with local CRSwNP, preg-
nancy, fungal sinusitis, antrochoanal polyps, immunodefi-
ciency, cystic fibrosis, and primary ciliary dyskinesia were 
excluded. Patients who underwent surgery for non-CRS 
aetiologies, including surgery for oral, thyroid or septum 
without nasal inflammatory diseases (such as allergic rhini-
tis), were selected as the HCs.

The demographic and clinical variables recorded for each 
subject were age, gender, body mass index (BMI), smoking 
history, allergy and asthma history, total serum immuno-
globulin E (IgE) levels, exhaled nitric oxide (NO) levels, 
history of topical steroid use 4 weeks prior to enrolment, 
preoperative Lund-Mackay CT (LM) scores and sinonasal 
outcome test (SNOT-20) scores. ImmunoCAP™ tests were 
performed to detect specific IgE antibodies. Patients with 
the use of antibiotics, systemic corticosteroids and a history 
of acute respiratory infection for 4 weeks prior to enrolment 
were excluded.

Histological evaluation of polyp tissue

Haematoxylin and eosin were used to stain paraffin-embed-
ded sections. The numbers of different kinds of immune 
cells were observed at 400 × magnification. The proportion 
of eosinophils > 27% of the total inflammatory cells or an 
absolute tissue eosinophil count of 55 eosinophils per high 

power field (hpf) in the nasal polyp tissue was defined as 
eCRSwNP. The proportion of eosinophils ≤ 27% of the total 
inflammatory cells or an absolute tissue eosinophil count of 
55 eosinophils per high power field (hpf) in the nasal polyp 
tissue was defined as noneCRSwNP [12].

Sample collection

All the enrolled patients provided faecal samples before 
standard operation and drug treatment. After collection, the 
faecal samples were immediately transported to the biobank 
within 2 h, where they were stored at –80 °C until DNA 
extraction.

DNA extraction and polymerase chain reaction 
amplification

Total DNA was extracted from faecal samples as described 
previously [3, 4]. The V3-V4 hypervariable regions of the 
16S rRNA gene of bacterial DNA were amplified with prim-
ers 338F (5′-ACT CCT ACG GGA GGC AGC AG-3′) and 806R 
(5′-GGA CTA  CHVGGG TWT CTAAT-3′) via PCR. PCRs 
were performed in triplicate in a 20 μL mixture contain-
ing 2 μL of 2.5 mM dNTPs, 0.8 μL of each primer (5 μM), 
0.4 μL of FastPfu Polymerase, 4 μL of 5 × FastPfu Buffer 
and 10 ng of template DNA.

Illumina 16S rRNA sequence processing

The PCR products were extracted from a 2.0% agarose gel, 
purified using Agencourt AMPure Beads (Beckman Coulter, 
Indianapolis, IN) and quantified using the PicoGreen dsDNA 
Assay Kit (Invitrogen, Carlsbad, CA, USA) according to 
the manufacturer’s protocol. The purified amplicons were 
pooled in equimolar amounts and paired-end sequenced 
(2 × 250 bp) on an Illumina MiSeq platform (Illumina, San 
Diego, USA) according to the standard protocols by Major-
bio Bio-Pharm Technology Co. Ltd. (Shanghai, China).

Data analysis

Raw fastq files were filtered by Trimmomatic and merged by 
FLASH with the criteria as follows: (1) If the average quality 
score of the reads at any site was less than 20 over a 50 bp 
sliding window, they were truncated. (2) Sequences were 
spliced according to an overlap longer than 10 bp and an 
overlap with a mismatch of no more than 2 bp. (3) Sequences 
for each sample were separated according to barcodes and 
primers. The barcodes needed to be matched accurately and 
the primers allowed a mismatch of 2 nucleotides; reads con-
taining ambiguous bases have been deleted.

According to FASTQ format, the amplicon sequence 
variant (ASV) was obtained after quality control, noise 
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elimination and chimerism removal was performed with 
DADA2 method recommended by QIIME2.

Compare and annotate ASV with GREENGENES data-
base (align the database with V3-V4 region according to 
338F/806R primer), the ASV with 99% similarity was clas-
sified as an operational taxonomic unit (OTU) to obtain the 
OTU classification information table. Utilizing the RDP 
classifier, the OTUs were classified to obtain their numbers 
at different taxonomic levels.

Statistical analysis

Demographics and clinical characteristics were analysed 
with analysis of variance, chi-square test, Fisher probabili-
ties in 2 × 2 table data, and independent-samples T test.

The number of observed species as well as Shannon and 
Faith’s phylogenetic diversity index were calculated using 
rarefied data (depth = 50,000 sequences/sample) and used 
to characterise species diversity in a community. Principal 
component analyses of the unweighted UniFrac distance 
were used to assess the variation among the eCRSwNPs, 
non-CRSwNPs and HC groups (beta diversity). Differential 
analysis was performed using Kruskal–Wallis (KW), LEfSe 
and DEseq2 methods. Partial least squares discriminant 
analysis (PLSDA) was performed to predict the sample types 
corresponding to microbial communities. Permutational 
multivariate analysis of variance analysis and multivariate 
logistic regression analysis were used to investigate the cor-
relation between clinical variables and the gut microbiome 
after adjusting for covariates.

Results

Subject characteristics

Thirty-nine patients, including 17 eCRSwNPs (11 males, 
6 females), 9 non-CRSwNPs (8 males, 1 females) and 13 
HCs (5 males, 8 females), were enrolled in the cohort. The 
demographic and clinical characteristics of the three groups 
are displayed in Table 1. Except for age and BMI, there was 
no difference among the three groups.

DNA sequencing results of the gut microbiome

The OTUs of the three groups were used to construct the 
petal diagram and phylogenetic tree (eFigure 1A, B). The 
dilution curve was gentle, indicating that the results obtained 
based on the sequencing depth could reflect the diversity of 
the gut microbiome in the samples (eFigure 2A, B).

At the phylum level, Firmicutes, Actinobacteria and Pro-
teobacteria were the main phyla (Fig. 1A). Compared with 
those in the eCRSwNP group, the proportions of Actinobac-
teria in the non-CRSwNP (P = 0.0437) and HC (P = 0.0389) 
groups were significantly increased, while the proportions 
of Proteobacteria in the non-CRSwNP (P = 0.2584) and 
HC (P = 0.1837) groups were decreased. At the genus and 
species levels, the composition of the gut microbiome in 
the three groups is displayed (Figs. 1B, C). In summary, at 
different taxonomic levels, our results suggested the distinct 
distribution of the gut microbiome in the three groups.

Table 1  Demographic 
characteristics of the cohorts

a Analysis of Variance for age, BMI blood eosinophils and blood eosinophils percent
b Chi-square test for sex, atopy, asthma, smoker, SNOT-20 score and serum total IgE
c Fisher probabilities in 2 × 2 table data for atopy, asthma and revision surgery
d Independent-Samples T Test for Lund–Mackay CT score
BMI body mass index, IgE immunoglobulin E, SNOT sinonasal outcome test

Characteristics eCRSwNP (n = 17) Non-eCRSwNP (n = 9) HC (n = 13) P value

Age (years) 53.06 ± 13.85 38.89 ± 10.23 47.38 ± 12.62 0.035a

Male, n (%) 11 (64.71%) 5 (88.89%) 5 (38.46%) 0.054b

BMI (kg/m2) 26.75 ± 3.23 26.04 ± 3.19 23.57 ± 3.77 0.047a

Atopy, n (%) 4 (23.53%) 1 (11.11%) NA 0.621c

Asthma, n (%) 4 (23.53%) 0 (0%) NA 0.260c

Smoker, n (%) 7 (41.18%) 2 (22.22%) 3 (23.08%) 0.464b

Lund–Mackay CT score 17.41 ± 4.664 19.00 ± 4.717 NA 0.419d

SNOT-20 score 30.76 ± 21.88 29.44 ± 20.49 NA 0.746b

Blood eosinophils (/μl) 0.5812 ± 0.9314 0.3567 ± 0.1387 0.1408 ± 0.1320 0.177a

Blood eosinophils percent (%) 6.559 ± 7.565 4.722 ± 1.543 2.069 ± 1.858 0.078a

Serum total IgE (kU/l) 424.1 ± 497.7 305.7 ± 456.6 NA 0.531b

Revision surgery, n (%) 3 (17.65%) 2 (22.22%) NA 1.000c
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Fig. 1  Comparison of relative taxa abundance among the HCs, 
eCRSwNP patients and noneCRSwNP patients groups at phylum, 
genus and species levels. A The bar chart of relative taxa abundance 
among the three groups at phylum levels. B The bar chart of relative 
taxa abundance among the three groups at genus levels. C The bar 

chart of relative taxa abundance among the three groups at species 
levels. n = 39, eCRSwNP patients = 11, noneCRSwNP patients = 9, 
and HCs = 13. eCRSwNP eosinophilic chronic rhinosinusitis with 
nasal polyps, HCs healthy controls
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The diversity in the gut microbiome among groups

In this cohort, there was no difference in intraindividual 
diversity among the eCRSwNP, noneCRSwNP and HC 
groups, as measured by the observed OTUs and Shan-
non and Faith’s phylogenetic diversity indices (eTable 1). 
Next, PCoA was used to assess the overall diversity of the 
gut microbiome (Fig. 2A, B). The gut microbiome of the 
eCRSwNPs, noneCRSwNPs and HC groups indicated par-
tial but significant clustering in the PCoA diagram. Based 
on the weighted UniFrac distance index among the three 
groups (eTable 2), the significant distinctions in overall 
diversity between eCRSwNP and HC (P = 0.020) and 
between eCRSwNP and noneCRSwNP (P = 0.020) were 
significant, while those between noneCRSwNP and HC 

(P = 0.482) were not significant. Therefore, the gut micro-
bial structure of the eCRSwNP group was significantly 
different from that of the noneCRSwNP and HC groups. 
Our results indicated that the gut microbiota may play a 
crucial role in the pathogenesis of eCRSwNP.

Next, the gut microbiome composition of the three 
groups was clustered by PLS-DA (Fig. 2C). Our results 
indicated that the gut microbiome composition of the three 
groups was significantly distinct. The prediction models 
were established based on the nasal detected distinct gen-
era of the three groups by using PLS-DA. The perfor-
mance of the models achieved an AUC value of almost 1 
(Fig. 2D). Our findings indicated the great potential of the 
gut microbiome as a noninvasive classifier for eCRSwNP 
diagnosis and may be recognised as a risk factor in the 
pathogenesis of eCRSwNP.

Fig. 2  Characteristics of gut microbiome composition in the HCs, 
eCRSwNP patients and noneCRSwNP patients. A Diagram of the 
LDA scores calculated at genus levels among HCs, eCRSwNP and 
noneCRSwNP groups. Only the LDA score > 2 are shown in the fig-
ure. B Diagram of the LDA scores calculated at genus level between 

eCRSwNP and HCs groups. C Diagram of the LDA scores calcu-
lated at genus level between noneCRSwNP and HCs groups. n = 39, 
eCRSwNP patients = 11, noneCRSwNP patients = 9, and HCs = 13. 
eCRSwNP eosinophilic chronic rhinosinusitis with nasal polyps, HCs 
healthy controls
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Differences in the gut microbiome structure 
among groups

The DESeq2 method was performed to identify differences in 
the gut microbiome structure among groups (eTable 3). The 
relative abundances of 2 genera in the noneCRSwNP and HC 
groups were significantly different, and the relative abundances 
of 7 genera in the eCRSwNP and noneCRSwNP groups were 
significantly different. Compared with HCs, the abundances 
of Escherichia and Enterococcus were significantly reduced 
in the group at the genus level. Compared with those in non-
eCRSwNPs, the increased abundances in gut microbiota such 
as Enterobacter, Escherichia, Megamonas and SMB53 were 
observed in eCRSwNPs, and the abundances of Bifidobacte-
rium, Streptococcus and Collinsella were significantly increased 
in noneCRSwNPs. These differential genera can be used to build 
a noninvasive classifier for the distinct abundant taxa between 
eCRSwNPs or non-CRSwNPs and HCs.

To identify the distinct abundant taxa among the eCRSwNP, 
noneCRSwNPs and HC groups, LEfSe analysis was performed 
on the gut microbiome composition. At the genus level, 14 
bacterial taxa showed distinct relative abundances among the 
three groups (LDA score > 2.0, p < 0.05). Increased abundances 
of Clostridia, Clostridiales, Firmicutes, and Gemmiger were 
observed in the non-CRSwNP group, and increased abundances 
of Bifidobacterium, Actinobacteria, Bifidobacteriales, etc., 
were observed in the eCRSwNP group (Fig. 3A). Compared 
with HCs, it was found that the abundances of Turicibacter, 
Clostridium, Gemmiger, etc., were increased significantly in 
eCRSwNPs (Fig. 3B); the abundances of Peptostreptococcus, 
Eubacterium, Clostridium, etc., increased significantly in non-
eCRSwNPs (Fig. 3C).

Correlation analysis between the gut microbiome 
and clinical variables

Partial Spearman’s rank-based correlation test performed on 
the age, sex, IgE, serum eosinophil count, serum eosinophil 
percent, BMI, SNOT-20, NO and LM scores was employed 
to explore the link between clinical variables and the disease-
associated abundant taxa in all CRSwNP patients (Fig. 4A). 
At the genus level, the abundance of Haemophilus and Fae-
calibacterium positively correlated and Corynebacterium 
negatively correlated with LM CT scores. Dialister and 
Enterococcus were positively correlated, and Clostridium, 
Coprococcus and SMB53 were negatively correlated with 
SNOT-20. IgE and NO showed similar correlations with 
the gut microbiome. These results suggested that the fae-
cal microbiota correlates with eCRSwNP disease severity. 
In addition, permutational multivariate analysis of variance 
results revealed that the above subject characteristics, such 
as age, sex and BMI, did not have a significant impact on the 
gut microbiota of different groups in our cohort (etable 4).

In patients with CRSwNP, the degree of eosinophil infil-
tration and the intensity of the nasal mucosal inflammatory 
response played a crucial role in the prognosis and disease 
severity. At the genus level, the abundances of Escherichia and 
Turicibacter positively correlated with absolute tissue eosinophil 
count. Gemmiger and Turicibacter were positively correlated, 
and Lachnospiraceae Clostridium was negatively correlated 
with the percentage of tissue eosinophils. Similarly, Turicibacter 
was also found to be positively correlated with serum eosinophil 
count and serum eosinophil percentage. In addition, Parabacte-
roides negatively correlated with serum eosinophil percentage, 
while Parabacteroides and Oscillospira negatively correlated 
with serum eosinophil count.

To further clarify the relationship between the micro-
biome and clinical variables, the CRSwNP patients were 
divided into two groups based on the median levels of the gut 
microbiome. After adjusting for age, sex and BMI, multivar-
iate logistic regression results revealed that CRSwNPs with 
a high abundance of Turicibacter were relevant to a higher 
percentage of tissue eosinophils (P = 0.032, OR = 1.052, 
95% CI 1.004–1.102, Fig. 4B). A high abundance of Fae-
calibacterium was associated with higher LM CT scores 
(P = 0.047, OR = 1.272, 95% CI 1.003–1.613, Fig. 4C).

Discussion

The human microbiome covaries with host health status and 
plays a critical role in host immune responses [13]. There 
is growing evidence that altered gut microbiome dysbiosis 
has become a topic of great concern to chronic inflamma-
tion, even in distant sites, such as the nose [2–5]. However, 
alterations in the gut microbiome in eCRSwNP patients 
remain largely undefined. Herein, our results showed the 
faecal microbiome community composition in a newly diag-
nosed eCRSwNP cohort. We found that the faecal microbi-
ome of eCRSwNPs was significantly different from that of 
HCs, and faecal microbes were associated with eCRSwNP 
disease severity. Our findings provide a novel perspective 
into the heterogeneous pathophysiology of eCRSwNP. 
Moreover, several clinical studies aimed at evaluating the 
therapeutic effect of probiotics in allergic rhinitis patients 
have been reported for the last few years [14, 15]. Our find-
ings may suggest a new therapeutic approach for eCRSwNP.

In our cohort, our findings suggested that eCRSwNPs had 
distinct gut microbiota compositions from noneCRSwNPs 
and HCs. At the phylum level, compared to HCs, the sig-
nificantly increased abundance was Proteobacteria in 
eCRSwNPs. The evidence from previous studies suggested 
that Proteobacteria was significantly increased in chronic 
inflammatory diseases, such as nonalcoholic fatty liver dis-
ease, IBD, asthma and COPD [16–19]. In contrast, Actino-
bacteria were significantly decreased in eCRSwNPs. Several 
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studies have shown that the decreased abundance of Actino-
bacteria was positively linked to better prognostic outcomes 
in Crohn's disease patients who received faecal microbiota 
transplantation and in the treatment of inflammatory dis-
eases, such as those in acne patients, and worse outcomes 
after CRS surgery [20–22].

Our findings indicate that the gut microbiota can reflect dis-
ease severity to a certain extent. In the CRSwNPs group, the 
abundance of Haemophilus and Faecalibacterium positively 

correlated with LM CT scores, while Streptococcus and Rumi-
nococcus positively correlated with NO. Several studies have 
found that Haemophilus, Streptococcus and Faecalibacterium 
had a relatively high prevalence and were relatively abundant 
in asthma patients [23–25]. Haemophilus and Streptococ-
cus are pathogenic factors that significantly increase the risk 
of acute and chronic airway inflammation [24, 25]. Faecali-
bacterium was also shown to be significantly correlated with 
atopic diseases and represents only a single known species, 

Fig. 3  PCoA and PLS-DA 
analysis of the microbiome 
among the HCs, eCRSwNP 
patients and noneCRSwNP 
patients. A Bray–Curtis PCoA 
based on the relative abun-
dance of OTU (99% similarity 
level). B Unweighted UniFrac 
PCoA based on the relative 
abundance of OTU (99% 
similarity level). C The PLS-
DA analysis on OTUs among 
the HCs, eCRSwNP patients 
and noneCRSwNP groups. D 
ROC analysis for the predictive 
value of the predictive model 
constructed based on PLS-DA 
analysis. The AUCs of the HCs, 
eCRSwNP patients and non-
eCRSwNP groups almost are 1. 
n = 39, eCRSwNP patients = 11, 
noneCRSwNP patients = 9, and 
HCs = 13. AUC  the area under 
the curve, eCRSwNP eosino-
philic chronic rhinosinusitis 
with nasal polyps, HCs healthy 
controls, PCoA principal 
coordinate analysis, PLS-DA 
analysis partial least squares 
Discriminant Analysis
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Fig. 4  The relationship between gut microbiome and clinical varia-
bles at the genus level. A Heat map for Spearman correlation analysis 
between gut microbiome and clinical variables at the genus level. B 
The patients with high abundance of Turicibacter (n = 13) had higher 
level of percentage tissue eosinophil compared to those with low 
abundance of the species (n = 13). C The patients with high abun-
dance of Faecalibacterium (n = 13) had higher LM CT scores com-
pared to those with low abundance of the species (n = 13). P < 0.05 

is showed in the figure. *P < 0.05, **P < 0.01, ***P < 0.001. BMI 
body mass index, CRSwNP chronic rhinosinusitis with nasal pol-
yps, eCRSwNP eosinophilic chronic rhinosinusitis with nasal pol-
yps, EOS_NUMB absolute tissue eosinophil count, EOS_PERCENT 
percentage tissue eosinophil, HCs healthy controls, IgE immuno-
globulin E, L_M_SCORE Lund-Mackay CT scores, sEOS_NUMB 
serum eosinophil count, sEOS_PERCENT serum eosinophil percent, 
SNOT20 sinonasal outcome test scores
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Faecalibacterium prausnitzii. A previous study found that F. 
prausnitzii played an important role in the dysbiosis of TH2 
immune responses in the skin [26]. In addition, in allergic 
8-year-olds, the abundance of Faecalibacterium was consist-
ently overrepresented, and Ruminococcus increased gradually 
over time from 6 months to 8 years old [27].

Our findings suggest that Turicibacter was more abun-
dant in eCRSwNPs than in HCs. It has been reported that 
Turicibacter may have a significant impact on the occur-
rence and development of chronic spontaneous urticaria 
[28]. The survival of gastrointestinal Turicibacter is closely 
related to the host immune system and bacterial sensors. 
Several previous studies have revealed that Turicibacter does 
not survive in the gastrointestinal tract of immunodeficient 
mouse models and Toll-like receptor 2 knockout mice. These 
results suggest an interaction between the bacteria and host 
immune regulation [29, 30]. In addition, the protein that 
Turicibacter sanguinis expresses is partly responsible for 
the acute response in atopic conditions, such as asthma, 
rheumatoid arthritis, urticaria, and anaphylaxis [31, 32]. In 
our study, a correlation with high levels of absolute tissue 
eosinophil count and percentage tissue eosinophil was seen 
in the genus of Turicibacter. Thus, the biological interaction 
between Turicibacter and eCRSwNP, which remains largely 
undefined, warrants further investigation.

Through the collection of faecal samples from detailed phe-
notyping of pathology-proven noneCRSwNPs and eCRSwNPs, 
our findings uncovered a disordered gut microbial constitu-
tion, which provides a novel perspective into the heterogene-
ous pathophysiology of eCRSwNP. Our work provides a new 
theoretical framework for exploring the link between the gut 
microbiome and host immune system in eCRSwNP in the 
future. This progress may also provide novel potential targets 
for intervention of this sophisticated disease. Nevertheless, 
there are some limitations that need to be mentioned. First, the 
fact that we did not use metagenomes in our study is a disadvan-
tage, which limits us to further analysis of the species level and 
function. Second, as a single-centre study with a limited sample 
size, the generalisability of our findings should be cautiously 
appraised. Finally, since this was a cross-sectional study, it was 
challenging to conclude the role of the identified bacteria in 
the progression and pathogenesis of eCRSwNP. Further stud-
ies are warranted to assess whether and how disease-associated 
bacteria play a role in immune dysfunction and inflammation 
in eCRS pathogenesis.

In conclusion, we defined the characteristics of the gut 
microbiota in eCRSwNP patients, and increased abundances 
of Bifidobacterium, Actinobacteria, Bifidobacteriales, etc., 
were observed in the eCRSwNP group. Our study demon-
strated that faecal microbiota correlates with eCRSwNP 
disease severity. At the genus level, the abundance of Fae-
calibacterium positively correlated with LM CT scores. 
Similarly, the abundance of Turicibacter positively 

correlated with the percentage of tissue eosinophils. Our 
work may provide a novel perspective on the heterogene-
ous pathophysiology of eCRSwNP. Further studies are war-
ranted to assess whether and how disease-associated bacteria 
play a role in immune dysfunction and nasal inflammation 
in eCRSwNP pathogenesis. The findings in this study may 
provide a knowledge framework for the clinical application 
of probiotics in eCRSwNP.
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