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ABSTRACT The researchers aimed to analyze the correlations of nasal microbiome variations with postoperative
recurrence of patients with chronic rhinosinusitis (CRS). Fifty patients receiving surgery for CRS were included. The
conditions of patients with and without postoperative recurrence were evaluated by visual analogue scale and Lund-
Mackay scores. The nasal bacterial composition before and after operation was analyzed by 16srDNA technology.
Preoperative and postoperative operational taxonomic units showed no significant differences. At the phylum level,
no significant differences were found in the dominant bacteria before and after operation. At the genus level,
Moraxella and Neisseria had significantly higher proportions after operation than those before operation. Bacteroides,
Pseudomonas and Streptococcus in Proteobacteria, Firmicutes and Bacteroidetes had significant differences between
patients with and without postoperative recurrence. Bacteroides, Pseudomonas and Streptococcus were correlated
with postoperative recurrence. Bacteroides, Pseudomonas and Streptococcus may be implicated in the poor prognosis
and postoperative recurrence, as the predictors of CRS.
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INTRODUCTION

Chronic rhinosinusitis (CRS) is a common and
frequently-occurring disease (Hopkins et al. 2022),
and has an overall incidence rate of 8 percent in
China (Shi et al. 2015). CRS with nasal polyps, as a
chronic heterogeneous inflammatory disease of
the sinuses, has a global incidence rate of 1-4
percent (Bachert et al. 2020). Such patients often
suffer from common nasal symptoms, accompa-
nied by headache, tiredness, listlessness, dizzi-
ness, memory decline and inattention (Aldajani
et al. 2022). The symptoms easily relapse, posing
serious threats to the quality of life of patients
(Arancibia et al. 2022). CRS has various etiologies,
among which bacterial infection is a main factor
(Stevens et al. 2016). Nevertheless, the positive
rate of bacterial culture is not high, which may be
attributed to obscured lesions and numerous
types of bacteria. Bacterial flora is abundant in
the nasal cavity, and changes in CRS patients
(Bankova et al. 2020). However, the influence of

surgery on the bacterial flora in CRS patients re-
mains unclear. Furthermore, the role of bacterial
flora in the clinical diagnosis and treatment of
CRS also needs further research.

Nucleic acid sequence analysis has been ap-
plied in bacterial identification, phylogeny and
classification (Gorgannezhad et al. 2019). 16S ri-
bosomal deoxyribonucleic acid (rDNA) sequenc-
es have both conservative and highly variable
regions, providing an important molecular basis
for species identification and phylogenetic rela-
tionship (Ursenbach et al. 2021). Molecular biol-
ogy technology with 16S rDNA as the target is
capable of precisely determining the species and
genetic diversity of microbes (Copeland et al. 2018).

Objectives

In this study, therefore, 50 patients with CRS
were enrolled, and 16S rDNA technology was uti-
lized to analyze the distribution of pathogens in
their nasal secretions before and after operation,
as well as the correlations of pathogens with post-
operative recurrence. The aim of this study was
to improve the diagnosis, prevention and treatment
of CRS patients.
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MATERIAL  AND  METHODS

Baseline Clinical Data

This study was conducted after the approval
of the hospital ethics committee (approval No.
PHA202001003). According to the Chinese Guide-
lines for Diagnosis and Treatment of Chronic Rhi-
nosinusitis (2018), 50 patients diagnosed as CRS
by computed tomography (CT) imaging to under-
go surgery from January 2020 to December 2021
were enrolled as the subjects. The patients had
no medication such as systemic antibiotics and
hormones within 8 weeks before operation. Fol-
lowing diagnosis and treatment based on the
guidelines and 2-month follow-up, conventional
bacterial culture and 16S rDNA sequence analy-
sis were carried out to explore the species and
alterations of bacterial spectrum after treatment.
The degree of lesions was evaluated by preopera-
tive and postoperative visual analogue scale (VAS)
score on rhinosinusitis and paranasal sinus CT
Lund-Mackay score. Informed consent form was
signed voluntarily by all the enrolled patients.

Exclusion criteria: i) Patients with immune de-
ficiency, benign or malignant tumors, fungal rhi-
nosinusitis or cystic fibrosis; ii) those who were
in pregnancy or lactation; iii) those who recently
received medication such as systemic antibiotics
or hormones before operation; or iv) those who
refused to participate in this study.

Presence of following conditions during post-
operative follow-up indicated recurrence: i) chief
complaint: nasal foreign body, ii) symptoms such
as runny nose and nasal congestion, iii) soft tis-
sue shadows in the nasal cavity, as well as high
density shadows and increased mucosa in nasal
sinuses revealed by CT imaging.

Among the 50 patients, there were 26 males and
24 females aged 25-60 years old, average age
45.62±2.67 years. Their baseline clinical data showed
no significant difference (P>0.05) (Table 1). 16S rDNA
sequence analysis was performed before operation,
and all the patients underwent “nasal polypecto-
my/correction of nasal septum + opening of affect-
ed sinus” under a nasal endoscope. Then standard-
ized drug therapy (second-generation cephalospor-
in, local hormone, eucalyptus, etc.) was adminis-
tered. Two months after operation, 16S rDNA sequence
analysis was conducted once again to analyze the
bacteria in nasal secretions.

Sample Collection

Before and after operation, secretion specimens
were randomly selected from the middle nasal tract
or anterior ethmoidal area of each patient using a
swab with a sheath. After rapid cooling with liquid
nitrogen, the specimens were stored in a refrigerator at
-80°C for subsequent DNA extraction.

DNA Extraction, PCR Amplification and
Sequencing

DNA extraction and PCR were carried out in
an HEPA-filtered and UV-purified laminar flow
hood. Firstly, ammonium acetate (7.5 mol/L) and
100 percent isopropanol at a volume ratio of 0.5:1
were added to precipitate DNA, followed by in-
cubation at -80°C for 10 min and centrifugation
(>14,000 ×g) for 25 min. After washing with 250
mL of 70 percent ethanol solution and centrifuga-
tion (>14,000 ×g) for 5 min, the nucleic acid precip-
itate was lyophilized to dryness, resuspended in
30 mL of sterile Tris-EDTA (pH 8.0) and then stored
at -80°C. The primer 515F-806R targeting bacterial
16SV4 region was utilized, and the PCR amplifica-
tion products were purified. Finally, the 16S rRNA
gene template in the specimen was analyzed by
quantitative PCR (Feazel et al. 2012). Using Illumina-
Miseq platform, library construction and sequencing
were performed for amplicons.

Analysis of Sequencing Data

Sequencing data were subjected to operation-
al taxonomic unit (OTU) clustering and species

Table 1: Baseline clinical data of patients

Baseline clinical data Case

Age (mean)/Y 45.62 ± 2.67
Gender

Male 26
Female 24

Smoking
Yes 9
No 41

Asthma
Yes 5
No 45

Preoperative VAS score 6.12 ± 1.63
Preoperative Lund-Mackay score 8.03 ± 2.05

VAS: Visual analogue scale
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classification analyses. An OTU was generated
by clustering sequences with identical classifica-
tion. Calculated by dividing the observed sequence
count of each OTU by the total number of generat-
ed sequences, the relative abundance (RA) of
OTUs for each subject was obtained. The sum of
OTU counts of composition taxa was calculated
and then the total sequence count of each subject
was normalized to construct a higher-level OTU
(phylum/class/order/family/genus/species). In ad-
dition, the mean relative abundance (MRA) of dif-
ferent species was also calculated. Species-level
classification was inferred by BLAST from the se-
quence database, in which Silva111 was labeled as
the isolate (Ramakrishnan et al. 2015), and at least 99
percent of sequence similarity in 95 percent of the
sequence length was required.

Statistical Analysis

SPSS 21.0 software was employed for statisti-
cal analysis. Pearson’s Chi-squared test was con-
ducted to compare the categorical variables be-
tween the two groups before and after operation.
The measurement data were expressed as mean ±
standard deviation (mean ± SD), and the t-test
was used for comparison between variables. Bac-
terial floras with significant differences in the se-
cretion of patients with postoperative recurrence
were obtained by comparing the sequencing data
of microbial floras in the nasal lavage fluid be-
tween different groups. P<0.05 was considered
to be statistically significant.

RESULTS

Number of OTUs Before and After Operation

The clustering analysis results of OTUs be-
fore and after operation are shown in Table 2.
After operation, 1 patient quitted the study. OTUs
had no significant differences between the two
groups before and after operation.

Distribution of Dominant Bacteria Before and
After Operation

Among all the samples before and after opera-
tion, 39 phyla, 116 classes, 332 orders, 708 families
and 1,758 genera of bacteria were detected. The
species with relative abundance of top 10 at the
phylum and genus levels were obtained, including
Proteobacteria, Firmicutes, Bacteroidetes, Actino-
bacteria, Fusobacteria, Gemmatimonadetes, Acido-
bacteria, Spirochaetes, Cyanobacteria and Epsi-
lonbacteraeota (at the phylum level), as well as
Moraxella, Staphylococcus, Haemophilus, Neisser-
ia, Bacteroides, Streptococcus, Pseudomonas,
Fusobacterium, Corynebacterium and Klebsiella (at
the genus level) (Fig. 1). For dominant bacteria at
the genus level, Moraxella (P=0.005) and Neisseria
(P=0.034) had significantly higher proportions before
operation than those after operation.

Postoperative Recurrence of CRS Patients

Three months later, 11 of 49 patients had relapse,
so the 3-month postoperative recurrence rate was
22.45 percent (11/49). Recurrence was not correlated
with gender or age. Considering that VAS and Lund-
Mackay scores showed no significant differences be-
fore and after operation (P>0.05) and were significantly
higher in the recurrence group than in the non-recurrence
group, these two indicators were able to represent post-
operative recurrence (Table 3).

Distribution of Dominant Bacteria at the
Phylum and Genus Levels Before Operation in
CRS Patients with Postoperative Recurrence

Based on preoperative sequencing data, the
MRA values of bacteria at the phylum and genus
levels in CRS patients with (n=11) and without post-
operative recurrence were compared (Table 4, Fig. 2).
The proportions of Bacteroides, Pseudomonas and
Streptococcus in Proteobacteria, Firmicutes and
Bacteroidetes were significantly different between
patients with and without postoperative recurrence,
being especially higher in those with recurrence.

Correlation Analysis of Dominant Bacterial
Species and Recurrence in CRS Patients
with Postoperative Recurrence

Correlation analysis was carried out between
preoperative MRA values at the genus level and
postoperative recurrence using VAS (Fig. 3) and

Table 2: Number of  OTUs before and after operation

OTU Before operation 3 months after
(n=50)   operation

(n=49)

Total 45506 45305
Mean 910. 1 924.6

OTU: Operational taxonomic unit
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Lund-Mackay scores (Fig. 4) after operation.
Among the dominant bacteria, Bacteroides
(r=0.890, P=0.001), Pseudomonas (r=0.730, P=0.023)
and Streptococcus (r=0.840, P=0.002) were signifi-
cantly different between the two groups and pos-
itively correlated with postoperative recurrence
(Table 5).

DISCUSSION

The failure rate after surgical treatment for
CRS is 3-20 percent, and patients often suffer from
intermittent recurrent or persistent mucopurulent
nasal discharge, some of whom need long-term
administration of antibiotics (Jiang et al. 2022). The
nasal cavity is colonized by microbes, and these
commensal microbial floras may be indispensable
components to stabilize the internal environment
of the nasal cavity (Man et al. 2017; Bomar et al.
2018). The nasal microbial floras alter when nasal
infection occurs, thus affecting clinical symptoms
possibly through modulating the host innate im-
mune response (Lehtinen et al. 2018; Korten et al.
2019). Hence, it is crucial to compare preoperative
and postoperative bacteriological properties in
patients with CRS, to explore the predisposing
factors of postoperative recurrent infection, and
to investigate the role of bacteria in the disease
course of CRS. Streptococcus pneumoniae, Hae-
mophilus influenzae, Moraxella catarrhalis, Sta-
phylococcus aureus, coagulase-negative staphy-

Table 3: Postoperative recurrence in CRS patients

Group                   Gender Age VAS score Lund-Mackay score
Male Female

Recurrence group (n=11) 6 5 46.89±3.04 6.56±3.04 8.14±2.66
Non-recurrence group (n=38) 19 19 44.35±2.30 3.43±1.41 4.64±1.34
χ2/t 0.9 86 0.786 6.898 10.679
P >0 .05 >0.05 <0.05 <0.05

CRS: Chronic rhinosinusitis.

Table 4: Difference of dominant bacteria at the phylum/genus level before operation in patients with recurrence

Category Name MRA in non-recurrence MRA in recurrence P
group  group

Phylum Level Proteobacteria 0.25 0.464 0.043
Firmicutes 0.28 0.078 0.015
Bacteroidetes 0.05 0.12 0.02

Genus Level Moraxella 0.14 0.09 0.055
Staphylococcus 0.135 0.11 0.12
Neisseria 0.05 0.008 0.498
Bacteroides 0.032 0.24 0.001
Streptococcus 0.13 0.23 0.043
Pseudomonas 0.13 0.24 0.02
Fusobacterium 0.014 0.001 0.052
Corynebacterium 0.015 0.012 0.671
Klebsiella 0.019 0.005 0.051
Others 0.335 0.064 0.002

MRA: Mean relative abundance

Table 5: Correlations between composition of dominant
bacteria at the genus level before operation and postop-
erative recurrence (VAS score)

Bacterium                         Postoperative recurrence

r P

Bacteroides 0.89 0.001
Streptococcus 0.776 0.023
Pseudomonas 0.894 0.002
Moraxella 0.034 0.089
Staphylococcus 0.192 0.051
Neisseria -0.345 0.173
Fusobacterium -0.124 0.124
Corynebacterium -0.076 0.67
Klebsiella 0.783 0.052

VAS: Visual analogue scale
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Fig. 3. Correlations between composition of dominant
bacteria at the genus level evaluated for postoperative
recurrence based on VAS score. VAS: Visual analogue
scale

Fig. 4. Correlations between composition of domi-
nant bacteria at the genus level evaluated for post-
operative recurrence based on Lund-Mackay score
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lococci and anaerobes are common dominant bac-
teria in CRS patients (Farajzadeh et al. 2016). Similar
to the findings of Cleland et al. (2016), the research-
ers herein found that the bacterial diversity was not
significantly different before and after operation.

At present, microbial classification and iden-
tification are mainly performed by 16S rDNA se-
quence analysis (Zhang et al. 2022). It has been
extensively applied in the fields such as bacterial
identification, comparative analysis of microbial
communities, as well as evaluation of phylogeny
in community and microbial species diversity (Pe-
leg et al. 2019). By using this technology, the re-
searchers herein demonstrated that there was no
significant difference in the bacterial composi-
tion at the phylum level before and after opera-
tion. At the genus level, dominant bacteria in-
cluding Moraxella and Neisseria had different pro-
portions, suggesting that such bacteria may be
involved in the onset and progression of CRS.

The postoperative recurrence rate of CRS pa-
tients in this study was 22.45 percent, which is
similar to that reported before (Bachert et al. 2021).
Different colonized bacteria in the nasal cavity of
CRS patients have been closely associated with
clinical severity, host immune response and dis-
ease recurrence (Kim et al. 2020; Cho et al. 2022). In
this study, Bacteroides, Pseudomonas and Strep-
tococcus in Proteobacteria, Firmicutes and
Bacteroidetes were identified as the dominant
bacteria. Besides, the proportion of dominant
bacteria may be utilized to predict the prognosis
after operation. In a recent study, the dominant
bacteria significantly differed between patients
with and without recurrence (Zhao et al. 2022).
Purulent phenotypes are associated with signifi-
cant amplifications of Bacteroides and Fusobacte-
ria, and may be obligate anaerobes of opportunistic
pathogens (Ramakrishnan et al. 2015). The content
of Pseudomonas is higher in patients with CRS ac-
companied by asthma and severe mucosal inflam-
mation, and Pseudomonas aeruginosa, frequently
found in the nasal cavity and low respiratory tract
of patients with cystic fibrosis, is associated with
the generation of tumor necrosis factors and may
cause damage to the integrity of respiratory mucos-
al epithelium (Hardyman et al. 2013), thereby aggra-
vating the disease. Furthermore, Peptostreptococ-
cus has been proven to increase adverse events in
smokers and patients with pneumonia (Millares et
al. 2019). In this study, they may be closely correlat-

ed with postoperative recurrence. Staphylococcus
aureus accounts for a higher proportion in terms of
postoperative infection (Shah et al. 2022), which is
attributed to the use of systemic hormones. How-
ever, the difference in the proportion of Staphylo-
coccus aureus was not found in this study, which
may be associated with the exclusion criteria.

CONCLUSION

In conclusion, Bacteroides, Pseudomonas and
Streptococcus may be implicated in the poor progno-
sis and postoperative recurrence, as the predictors of
CRS.

RECOMMENDATIONS

In the future, establishing and validating multi-
variate prediction models which combine bacterial
composition with factors such as asthma, smoking,
surgery or medication history are needed. Consid-
ering that the sample size was small in this study,
additional samples should be collected to identify
the correlations between bacterial composition and
postoperative recurrence.
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VAS: Visual Analogue Scale.
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