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ABSTRACT
Background: Chronic rhinosinusitis (CRS) is characterized by persistent inflammation of the 

sinonasal mucosa, which often requires surgical and additional post-operative therapy. Microbial dysbiosis 
due to the imbalance of commensal bacteria and pathogens plays a crucial role in the inflammatory process 
within the sinonasal mucosa and in therapy outcome. Further knowledge about the microbiota profile 
in CRS is needed to improve the management strategy for CRS patients. Purpose: To review recent 
studies on the microbiota profile in sinonasal mucosa of CRS patients, and its potential as an indicator 
for therapeutic outcome. Literature review: Recent data from several studies has documented increased 
microbiota richness and diversity in post-operative CRS patients’ sinonasal mucosa, as well as good 
post-operative outcomes. Increased genus Corynebacterium abundance was also consistently associated 
with good post-operative outcomes. Conclusion: There was a difference in microbiota profiles in pre and 
post-operative CRS patients, indicating an association with clinical improvement. Corynebacterium was 
associated with better post-operative outcomes. Thus, the presence of these bacteria potentially could be 
used as an indicator for therapeutic outcome.
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ABSTRAK
Latar belakang: Rinosinusitis kronis (RSK) merupakan kondisi inflamasi yang menetap pada 

mukosa sinonasal dan sering memerlukan operasi dan terapi tambahan pasca-operasi. Kondisi 
disbiosis mikrobiota akibat ketidakseimbangan bakteri komensal dan patogen diduga memengaruhi 
proses inflamasi pada mukosa sinonasal dan luaran terapi. Diperlukan pengetahuan tentang profil 
mikrobiota pada RSK sehingga diharapkan dapat meningkatkan strategi penanganan pasien RSK. 
Tujuan: Mempelajari studi terkini tentang profil mikrobiota pada mukosa sinonasal pasien RSK, dan 
potensinya sebagai indikator luaran terapi. Tinjauan pustaka: Data terkini dari beberapa penelitian 
menemukan peningkatan kekayaan dan keragaman mikrobiota pada mukosa sinonasal pasien RSK 
pasca-operasi dan memiliki hubungan dengan luaran operasi yang baik. Peningkatan kelimpahan 
genus Corynebacterium ditemukan secara konsisten berkaitan dengan luaran operasi yang baik. 
Kesimpulan: Terdapat perbedaan profil mikrobiota pada pasien RSK pra dan pasca-operasi yang 
mengindikasikan kaitannya dengan perbaikan klinis. Corynebacterium adalah bakteri yang ditemukan 
memiliki hubungan dengan luaran operasi yang lebih baik, sehingga keberadaan bakteri ini berpotensi 
untuk dapat dimanfaatkan sebagai indikator luaran terapi.

Kata kunci: rinosinusitis kronis, mikrobiota, operasi sinus endoskopik, luaran terapi
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INTRODUCTION

Chronic rhinosinusitis (CRS) is a 
persistent inflammatory condition of the nasal 
and paranasal sinuses (sinonasal) mucosa 
with a duration of more than 12 weeks.  CRS 
is a disease with a high prevalence in several 
countries, such as United States (12%), China 
(8%), South Korea (11%), Brazil (5.5%), 
and Iran (28%).1 Epidemiological studies at 
Dr Mohammad Hoesin Palembang Central 
General Hospital reported that out of 140 
rhinosinusitis patients in 2015, 73 of them 
(52.1%) were CRS patients.2 Additionally, 
the data from the Department of Rhinology-
Allergy, Ear Nose and Throat Health Sciences 
Head and Neck Surgery (ENT-KL), Dr Hasan 
Sadikin Bandung Central General Hospital 
recorded 46% of rhinosinusitis cases in 
2011.3 Besides its high prevalence, CRS also 
contributes to decreasing work productivity 
and increasing the burden of medical and 
surgical costs.4,5 

CRS patients are generally treated with 
oral antibiotics, topical/oral corticosteroids, 
and nasal saline irrigation. If there is no 
improvement, the patient must undergo 
endoscopic sinus surgery and  followed by 
post-operative medical therapy.1 The aim of 
surgery is to restore mucociliary function 
and improve nasal aeration and ventilation to 
improve the sinonasal mucosal environment, 
accelerate topical drug action and improve 
medical therapy efficacy. CRS patients 
generally experience improvement after 
undergoing endoscopic sinus surgery, but the 
other 6-25% still did not show improvement 
in clinical symptoms, thus requiring further 
treatment and additional surgery.1,7 

Several studies had attempted to 
analyze various factors that may influence 
persistent inflammation in CRS, such as host, 
environmental, and microbial factors.7 The 

interest in microbial factors has increased-for 
identifying various etiological agents-since 
techniques have been more developed in 
the microbiology laboratory. Microbiota is 
defined as a community of microorganisms 
in a niche.8 The dysbiosis occurs when 
there is a disturbance in the microbiota 
population balance, which causes colonies 
of commensal organisms to be replaced by 
opportunistic pathogens.9 Dysbiosis can 
result from an inflammatory reaction, and 
the use of antibiotics leading to damaged 
epithelial integrity, increased inflammatory 
reactions, and the risk of chronic disease.10 
Several molecular-based studies have found 
different microbiota profiles in the sinonasal 
mucosa of healthy people and CRS patients, 
indicating a role for microbial dysbiosis in 
the pathogenesis of CRS.11–14 The microbiota 
profile assessment is based on richness, 
diversity, prevalence, and abundance.

With the increasing attention of clinicians 
towards microbial factors in the clinical 
course of CRS, it is necessary to conduct a 
literature review to analyze the changes in 
existing data of the microbiota profile on 
the sinonasal mucosa of CRS pre and post-
operative. Besides, microbiota potential as 
an indicator of therapy outcome should be 
assessed, hence could be applied along with 
the current, standard outcome indicators of 
CRS therapy, such as subjective assessment 
of clinical symptom using the visual analog 
scale (VAS) or sinonasal outcome test (SNOT-
22), or objective assessment of anatomical 
changes using the Lund-Kenney endoscopic 
score. We hope that this literature review 
could become the basis for further studies 
to develop and enrich therapy outcome 
indicators to optimize CRS management.

Correspondence address: Imam Megantara, Microbiology Division, Department of Biomedical Sciences, 
Faculty of Medicine, Universitas Padjadjaran, Bandung. E-mail: imam.megantara@unpad.ac.id 
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LITERATURE REVIEW. 

The microbiota profile in healthy and CRS 
sinonasal mucosa

The use of molecular-based microbiota 
identification methods has shown that the 
sinonasal mucosa is not a sterile area but is 
niche to a complex and diverse microbiota. 
The diverse microbial community can be seen 
in the microbiota analysis result, consisting 
of more than 1000 bacteria genera in the 
sinonasal mucosa of healthy individuals.12.14 

This microbiota acts in symbiosis with the 
immune system to maintain the microbiota 
population’s balance and mucosal integrity 
and suppress pathogenic microbiota growth.15 
Therefore, it is likely that this bacterial 
community’s balance can affect the sinonasal 
mucosa’s environmental conditions. Table 
1 describes microbiota profiles in sinonasal 
mucosa of  CRS  and control groups in 
terms of microbiota richness, diversity, and 
abundance.

There are several terms used to describe 
the microbiota profile: ‘prevalence’ is 

the presence of a bacterium from the total 
sample in the study; ‘abundance’ is the 
absolute number of specific bacteria in a 
sample, and ‘relative abundance’ refers to 
the proportion of specific bacteria from 
the total individual number of bacteria in a 
community; ‘richness’ is described by the 
number of unique microbiota taxa (species/
genera) per sample; ‘evenness’ calculates 
the similarity in the relative abundance of 
various taxa to describe whether a microbiota 
community is dominated by one or several 
bacteria; ‘diversity’ is a combination of the 
level of richness and the level of evenness 
expressed in the form of an index which is 
generally calculated by the Shannon diversity 
index and Simpson diversity index.16

Jain et al.17 in 2017 observed the 
microbiota profile in 23 CRS patients 
and found that the microbiota in CRS 
patients, based on prevalence and abundance, 
was dominated by genus Staphylococcus 
(95.7%;13.2%), Streptococcus (95.7%; 
17.7%), and Corynebacterium (100%; 
16.9%).

Table 1. Microbiota profile in sinonasal mucosa of CRS and control

Author; 
Year

Participants Indicator
Richness Diversity Abundance

Gan et al.; 
201911

59 CRSwNP
27 Control

Control > 
CRSwNP

Control = 
CRSwNP

- The abundance of Corynebacterium and 
Dologsigranulum in controls > CRS

Gan et al.; 
202012

77 CRSwNP
36 CRSsNP
34 Control

Control > 
CRSwNP
Control = 
CRSsNP

Similar be-
tween  three 
groups

- The abundance of Corynebacterium and 
Dologsigranulum in controls > CRSwNP 
and CRSsNP

Kim et al.; 
202018

31 CRSwNP 
[Eos] and 
CRSwNP 
[Non-Eos]
6 controls

- Similar 
between three 
groups

- CRSwNP [Eos]: Lachnoclostridium ↑
- CRSwNP [Non-Eos]: Lachnospiraceae ↑; 

and Mesorhizobium ↓
- Control: Anaerococcus and Tepidomonas ↑

Hoggard et 
al.; 201713

94 CRS
29 Control

Control = CRS Controls > 
CRS

- Control: dominated by Corynebacterium and 
Staphylococcus.

- CRS: Corynebacterium ↓, Staphylococcus 
↑, Streptococcus ↑, Haemophilus ↑, 
Pseudomonas ↑, and Moraxella ↑
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Different study by Gan et al.11 in 2019 
observed differences in microbiota profiles 
between CRS patients with nasal polyps 
(CRSwNP) and controls and discovered 
that the microbiota richness was higher in 
control, but there was no difference in terms 
of their diversity. Microbiota in control was 
dominated by Corynebacterium (20.35%), 
Staphylococcus (18.03%), Dolosigranulum 
( 8 . 5 2 % ) ,  L a c t o b a c i l l u s  ( 5 . 9 3 % ) , 
Streptococcus (5.66%), Propionibacterium 
(4.40%), Escherichia-Shigella (3.61 %), 
Moraxella (3.18%), and Ralstonia (1.68%). 
When compared to CRSwNP, the abundance 
of Corynebacterium and Dologsigranulum 
was higher in controls. In addition, Gan et al.12 
in 2020 reported another study to compare the 
microbiota profile between CRSwNP, CRS 
without nasal polyp (CRSsNP) patients, and 
controls. The microbial richness was higher 
in controls than CRSwNP, but no significant 
difference were found between controls and 
CRSsNP. Besides, there were no significant 
differences in microbial diversity between the 
three groups. Moreover, Corynebacterium 
and Dologsigranulum were also surprisingly 
higher in control than CRSwNP and CRSsNP.  

Meanwhile, Kim et al.18 in 2020 observed 
the microbiota profile in sinonasal mucosa of 
CRSwNP [Eos], CRSwNP [Non-Eos], and 
the control group and reported no significant 
difference in microbial diversity between the 
three groups. The abundance of Anaerococcus 
and Tepidomonas was higher in controls, 
and Lachnoclostridium was found higher in 
CRSwNP [Eos], whereas Lachnospiraceae 
was higher, and Mesorhizobium were lower 
in CRSwNP [Non-Eos].  

The microbiota profile study in CRS 
patients and controls conducted by Hoggard 
et al.13 in 2017found high variability in the 
bacterial community with a range of 2-128 
types of bacteria in each subject. A more 
varied microbiota was found in the control 
group and dominated by Corynebacterium 
and Staphylococcus. On the other hand, 
lower microbial diversity was found in 
CRS patients, accompanied by a decrease in 
the abundance of Corynebacterium and an 
increase of Staphylococcus, Streptococcus, 
Haemophilus, Pseudomonas, and Moraxella. 

Another study by Ramakrishnan et al.14 
in 2015 found no difference in microbial 
richness and diversity between CRS patients 
and controls. The abundance of microbiota in 
both CRS patients and controls was dominated 
by Staphylococcus, Corynebacterium, and 
Propionibacterium. 

The microbiota profile in post-operative 
CRS patient

Several studies had assessed endoscopic 
sinus surgery outcomes using various 
indicators, including recurrence of nasal 
polyps, endoscopic scores, and symptom 
scores (Table 2).12,14,17,18 The recurrence of 
nasal polyp was assessed based on symptoms, 
nasal endoscopy, and sinus CT examination 
during the 1-year post-operative follow-up.12 

Optimal criteria for endoscopic scores were 
characterized by a reduction in the endoscopic 
score (> 50%), no requirement for revision 
surgery, and no use of additional antibiotics or 
steroids six months prior to the postoperative 
follow-up visit.14,18 The symptom score was 
assessed using a format of the severity rate 

Ramakrish-
nan et al.; 
201514

56 CRS
26 controls

Control = CRS Control = 
CRS

- Both CRS and controls were dominated 
by Staphylococcus, Corynebac-terium and 
Propionibacterium

Note: CRS = chronic rhinosinusitis; CRSw NP = chronic rhinosinusitis with nasal polyps; CRSsNP = chronic 
rhinosinusitis with-out nasal polyps; CRSwNP [Eos] = Eosinophilic CRSwNP ; CRSwNP [Non-Eos] = Non-
Eosinophilic CRSwNP; ↑ = higher; ↓ = lower.
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scaling from 0 to 5 for five nasal symptoms: 
nasal obstruction, anterior and posterior 
rhinorrhea, pain or sinus pressure, and 
anosmia.17

Generally, CRS patients improved after 
undergoing endoscopic sinus surgery, but 
some patients still showed a suboptimal 
surgical outcome, as shown in Table 2. 
About 12 out of 77 CRSwNP patients still 
experienced recurrent polyps, while 14 out 
of 27 CRS patients demonstrated suboptimal 

outcomes.12,14 Furthermore, variation was 
found in CRS patients’ symptom score after 
surgery: symptom score decreased in 21 CRS 
patients, an increased score was reported in 
one patient while another patient showed 
no changes when compared to preoperative 
symptom score.17 Kim et al.18 assessed 
surgical outcome using a similar indicator 
with Ramakrishnan et al.14, but there were 
no available data describing the number of 
patients based on surgery outcome. 

Table 2. Post-operative CRS outcome report

Author; 
Year Design Participants Intervention Follow-up Therapeutic outcome

Indicator Result

Gan et al.; 
202012 Cohort 77 CRSwNP Endoscopic 

sinus surgery 1 year

- Post-operative 
recurrent or 
nonrecurrent 
polyps

- Recurrent group 
(n = 12)

- Nonrecurrent 
group (n = 65)

Kim et al.; 
202018 Cohort 31 CRSwNP Endoscopic 

sinus surgery 6 months

- Post-operative 
optimal or 
suboptimal 
outcome

- Optimal outcome 
(n = N/A)

- Suboptimal 
outcome (n = 
N/A)

Jain et al.; 
201717 Cohort 23 CRS Endoscopic 

sinus surgery 4 months
- Pre and post-

operative 
symptom score

- Decreased 
symptom score 
(n= 21) 

- No changes (n= 1) 
- Symptom score 

increased (n= 1)

Rama-
krishnan et 
al.; 201514

Cross-
sectio-
nal

27 CRS Endoscopic 
sinus surgery 6 months

- Post-operative 
optimal or 
suboptimal 
outcome

- Optimal outcome 
(n = 13)

- Suboptimal 
outcome (n = 14)

Note: CRS = chronic rhinosinusitis; CRSwNP = chronic rhinosinusitis with nasal polyps; Optimal outcome = 
reduction in endoscopic score > 50%, no revision surgery, and no post-operative systemic antibiotics/steroids 
before 6-month post-operative follow-up; Symptom score = Scale of severity from 0 - 5 for symptoms of nasal 
obstruction, rhinorrhea, sinus pain, and anosmia; * Jain et al. did not group subjects based on symptom scores.
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Table 3. Microbiota profile in post-operative CRS patient

Author; 
Year Participant (n) Indicator Bacteria Microbiota Profile

Gan et al.; 
202012

- Recurrent polyp 
(12)

- Nonrecurrent 
polyp (65)

Abundance 

Corynebacte-
rium
Staphylococ-
cus

- Staphylococcus abundance: No 
difference between pre and post-
operative.

- The abundance of Corynebacterium 
in nonrecurrent polyp: Post-
operative > Preoperative.

- The abundance of microbiota in 
recurrent polyp: Pre and post-
operatively did not differ

Kim et al.; 
202018

- Optimal 
outcome

- Suboptimal 
outcome

Abundance 

Corynebacte-
rium
Anaerococcus
Tepidomonas

- The abundance of Corynebacterium, 
Anaerococcus and Tepidomonas at 
optimal outcome > suboptimal

Jain et al.; 
201717

-  Post-operative 
CRS patient 
with measured 
symptom score 
(23) *

Richness
Diversity
Abundance

Corynebacte-
rium
Staphylococ-
cus
Streptococcus
Propioni-
bacte-rium

- The richness of the microbiota in 
post-operative CRS is increased.

- The microbiota diversity in post-
operative CRS did not differ.

- Abundance in post-operative CRS: 
Staphylococcus >, Streptococcus <; 
No changes of Corynebacterium, 
and Propionibacterium.

- Staphylococcus and  Streptococcus 
abundance is not associated with 
symptom scores. 

- Decrease corynebacterium 
abundance was associated with 
increase symptom scores.

Ramakrish-
nan et al.; 
201514

-  Optimal 
outcome (13)

- Suboptimal 
outcome (14)

Richness
Abundance 

Corynebacte-
rium
Staphylococ-
cus

- Microbiota richness at optimal 
outcome > suboptimal

- The abundance of Corynebacterium 
and Corynebacterium 
tuberculostearicum at optimal 
outcome > suboptimal.

- The abundance of  Staphylococcus 
aureus > 3x at the suboptimal 
outcome, but not statistically 
significant

Note: CRS = chronic rhinosinusitis; Optimal outcome = decreased endoscopic score > 50%, no revision surgery, 
and no post-operative systemic antibiotics / steroids; > = higher; < = lower; # = Kim et al. did not observe post-
operative microbiota profiles, post-operative outcome was correlated with pre-operative microbiota profiles; * = 
Jain et al. did not group subjects based on symptom scores.
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Data from several studies on the micro-
biota profile in post-operative CRS patients 
are presented in Table 3. The study conducted 
by Jain et al.17 in 2017 showed an increase in 
microbiota richness in post-operative CRS. 
On the other hand, Ramakrishnan et al.14 
found an increase in microbiota richness 
and diversity of the sinonasal mucosa of 
post-operative CRS, and it was significantly 
associated with optimal surgical outcome.  
Meanwhile, Gan et al.12 found no difference 
in pre and post-operative microbiota profiles 
in recurrent CRSwNP patients. 

However, a change in the relative 
abudance of some bacteria in post-operative 
CRS has been reported in some studies, while 
others have found its association with surgical 
outcomes. Gan et al.12 discovered an increased 
relative abundance of Corynebacterium in 
nonrecurrent CRSwNP than preoperative. 
Meanwhile, Jain et al.17 found an increased 
abundance of Staphylococcus in 18 out 
of 23 (78%) post-operative CRS patients, 
while Streptococcus abundance decreased, 
and no change in Corynebacterium and 
Propionibacterium was observed. 

Based on post-operative symptom score, 
decrease Corynebacterium abundance was 
associated with an increase in symptom 
scores. Meanwhile, changes in the abundance 
of Staphylococcus and Streptococcus were 
not significantly associated with symptom 
scores.17 Ramakrishnan et al.14 found an 
increase in the abundance of the genus 
Corynebacterium and Corynebacterium 
tuberculostearicum species in post-operative 

CRS optimal outcome compared with 
suboptimal outcomes. Aside from that, 
Staphylococcus aureus was found three times 
higher in post-operative CRS patients with 
poor outcomes, but the statistical analysis did 
not show a significant difference.

Kim et al.18 in 2020 compared the 
microbiota profile in preoperative CRS patients 
with the outcome of endoscopic sinus surgery 
therapy. In patients with optimal operative 
outcomes, the preoperative abundance 
of Corynebacterium, Anaerococcus, and 
Tepidomonas was higher than in patients with 
suboptimal outcomes. Thus, the presence 
of these bacteria may become a potential 
indicator to predict therapeutic outcomes in 
CRS patients. 

Corynebacterium in CRS 
The results of  the studies showed 

a  s igni f icant  re la t ionship  between 
Corynebacterium and post-operative CRS 
patients with better outcomes (Table 4).12,14,18 
In the study conducted by Jain et al.17, 
although there was no significant difference 
in Corynebacterium abundance between 
post-operative and preoperative CRS, 
Corynebacterium decrease in abundance 
showed a significant association with 
increased symptom scores. Likewise, 
Kim et al.18 (2020) stated that the genus 
Corynebacterium was a potential predictor 
for the surgical outcome because lower 
preoperative abundance was associated with 
suboptimal operative outcomes.  

Table 4. Corynebacterium in pre and post-operative CRS

Participants Indicator 
Corynebacterium profile

Reference
Pre-op Post-op

Recurrent polyp (12) Abundance ------- Not different ------
Gan et al.; 202012

Nonrecurrent polyp (65) Abundance < >

Optimal outcome Abundance > # -
Kim et al.; 202018

Suboptimal outcome Abundance < # -
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The potential of microbiota as an indicator 
for CRS therapeutic outcome 

Several studies showed variations in 
comparing the microbiota profile between 
control, CRS, and post-operative groups. 
However, the profile and microbiota 
composition tended to change, indicating 
the involvement of the microbiota community 
on the sinonasal mucosa in the pathogenesis 
of CRS. The research results by Jain et al.17 
found increased microbiota richness in post-
operative CRS patients, but no significant 
association was identified with a decrease 
in post-operative CRS symptom scores.  On 
the other hand, Ramakrishnan et al.14 found 
an association between increased wealth 
and even distribution of microbiota in the 
sinonasal mucosa of post-operative CRS with 
optimal operative outcome. Besides, Gan et 
al.12  found that the pre and post-operative 
microbiota profiles in recurrent polyp of 
post-operative CRSwNP patients did not 
change significantly. These support the notion 
that the increase in microbiota richness and 
diversity is related to the healing process and 
the mucosal condition’s improvement. Thus, 
the findings of studies in this literature review 
indicated the potential use of microbial 
changes as indicators of therapeutic outcome.

Dysbiosis refers to the imbalance of the 
microbiota community known to increase 
the risk of developing chronic disease that 
can occur in three ways: (1) increased 
pathogenic bacteria from external sources 
(acquired) or commensal bacteria that 
grow opportunistically, such as in cholera 
infection and streptococcal pharyngitis; 
(2) reduced number of bacteria that have 

a protective function, causing disease, 
such as inflammatory bowel disease; or 
(3) a combination of loss of protective 
bacteria and the emergence of pathogen, 
such as Clostridium difficile infection in 
inflammatory bowel disease.9 Notably, a 
consistent association between increased 
Corynebacterium abundance and better 
surgical outcomes in CRS patients were 
evident in this review,12,14,18indicating its 
possible role as a protective bacteria and 
the process of dysbiosis in the sinonasal 
mucosa of patients with CRS might occur 
due to a decrease in the number of protective 
bacteria of the sinonasal mucosa. Therefore, 
the presence of Corynebacterium has the 
potential as an important indicator, especially 
in assessing the therapeutic outcome of CRS 
patients. 

Corynebacterium is known to be one 
of the dominant bacteria in the sinonasal 
mucosa, and this is in line with the results of 
the studies which reported its high abundance 
in the control group compared to CRS.11–14 
The potential of the genus Corynebacterium 
as a protective factor in the sinonasal 
region is evident through the relationship 
between the presence of these bacteria and 
decreased virulence and phenotypic changes 
of S. aureus, from a virulent bacterium to a 
commensal bacterium.19,20 Apart from that, C. 
amycolatum, C. pseudodiphtheriticum, and 
C. accolens inhibited S. aureus in the Agr-
system, causing a reduction in virulent gene 
transcription, decreased hemolysin enzyme 
activity, and increased adhesion to epithelial 
cells; indicating changes of the bacteria to 
commensal state.19 Another mechanism used 

CRS patient with measured pre and 
post-operative symptom score * 
(23)

Abundance ------- Not different ------ Jain et al.; 201717

Optimal outcome (13) Abundance < > Ramakrishnan et al.; 
201514Suboptimal outcome (14) Abundance ------- Not different ------

Description:> = higher; <= lower; # = Kim et al. did not identify the post-operative microbiota profile, the post-
operative outcome was correlated with the peri-operative microbiota profile; * = Jain et al. did not group subjects 
based on symptom scores.
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by C. pseudodiphtheriticum is to selectively 
suppress the growth of S. aureus that 
activates its Agr-system. Thus, to colonize 
in the nose, S. aureus is forced to inactivate 
the Agr-system and stop the expression of 
its virulent factors, indicating changes in 
the bacteria phenotype from pathogenic to 
commensal state.20 Besides, the protective 

nature of Corynebacterium was supported by 
the increased resistance to viral and bacterial 
infections in the respiratory tract of infant 
mice after administration of topical saline 
spray containing C.pseudodiphteriticum 
suspension in the nasal area.21
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Figure 1. Schematic illustration of the relationship between the microbiota profile of the sinonasal mucosa 
with the course of CRS, A) normal (healthy) conditions, B) inflammatory conditions (CRS), C) post-opera-

tive treatment  healing period

Despite its protective function in 
the sinonasal region, some studies have 
reported Corynebacterium as a pathogen, 
associating it with an increase in T-helper 2 
lymphocytes, IL-5 and eosinophils, which are 
inflammatory mediators deemed responsible 
for the pathogenesis of polyp formation in 
CRSwNP.22 Another study also found that 14 
of 16 (87.5%) strains of C. tubercolestearicum 
from various clinical specimens have multi-
drug resistance, which may be associated 
with recalcitrant CRS.23 Therefore, there is a 
need to investigate the relationship between 
various Corynebacterium species with the 
CRS pathogenesis and therapeutic outcome.

Studies in the last decade have identified 
Staphylococcus, especially S. aureus, as 
having a potential role in CRS’s pathogenesis. 
Based on the culture results in previous 
studies, S.aureus is a bacteria that was found 
higher in CRS patients, and these Gram-
positive bacteria are also the most dominant 
bacteria found in CRS patients with recurrent 
symptoms after surgery.24 This is one of many 
findings demonstrating virulence factors 
possessed by S. aureus bacteria such as 
enterotoxin, a superantigen that can stimulate 
hyper-activation of the immune response 
through the T helper-2 pathway eosinophilic 
inflammation resulting in edema and polyp 
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formation in CRSwNP.25 Another virulence 
factor is the ability of S. aureus to form 
biofilms and intracellular colonies as different 
phenotypes. These actions enable S. aureus 
to withstand antimicrobial and immune 
response to become a bacterial reservoir for 
further infection even after treatment, hence 
causing CRS with recurrent symptoms.26,27 

However, the prevalence and relative 
abundance of S.aureus in CRS and its 
association with the operative outcome 
had not shown consistent results based on 
the recent molecular findings.12–14,17 Jain et 
al.17 and Tuchscherr et al.28  stated that the 
different results were probably influenced 
by S. aureus phenotype; CRS with a poor 
outcome was colonized by virulent S. aureus, 
while the control group or CRS with good 
outcome were colonized by commensal S. 
aureus.  Agr-system, sar A, and Sigma SigB 
factors are known as crucial regulators of 
S.aureus virulence, enterotoxin production, 
and phenotypic changes by forming biofilms 
or intracellular colonies.28,29 Therefore, 
further studies are needed to determine the 
association between S. aureus and CRS by 
analyzing its relative abundance, virulence 
factors, and phenotype changes.

In conclusion, various studies have 
shown differences in microbiota profiles, 
especially in terms of bacterial richness 
and abundance between pre and post-
operative CRS patients, which indicates an 
association with their clinical improvements. 
Additionally, Corynebacterium has been 
found to contribute to better therapeutic 
outcome; thus, the presence of these bacteria 
could be used as an indicator for CRS therapy.

REFERENCE

1. Fokkens WJ, Lund VJ, Hopkins C, Hellings 
PW, Kern R, Reitsma S, et al. European 
Position Paper on Rhinosinusitis and Nasal 
Polyps 2020. Rhinology. 2020; 29:1-464. 

2. Amelia NL, Zuleika P,  Utama DS. 
Prevalensi Rinosinusitis Kronik di RSUP 
Dr. Mohammad Hoesin Palembang. Maj 
Kedokt Sriwij. 2017;49(2):75-82. 

3. Candra EW, Madiadipoera T, Sumarman 
I, Ratunanda SS. Makrolid menurunkan 
IL-8 sekret hidung dan meningkatkan 
fungsi penghidu pada rinosinusitis kronik 
tanpa polip. Oto Rhino Laryngol Indones. 
2013;43(1):60-70. 

4. Bhattacharyya N. Functional limitations 
and workdays lost associated with chronic 
rhinosinusitis and allergic rhinitis. Am J 
Rhinol Allergy. 2012;26(2):120-22. 

5. Smith KA, Orlandi RR, Rudmik L. Cost of 
adult chronic rhinosinusitis: A systematic 
review. Laryngoscope. 2015;125(7):1547-
56. 

6. Mullings W, Panchmatia R, Samoy K, Habib 
A-R, Thamboo A, Al-Salman R, et al. Topical 
Povidone-Iodine as an Adjunctive Treatment 
for Recalcitrant Chronic Rhinosinusitis. Eur 
J Rhinol Allergy. 2019;2(2):45-50. 

7. Lam K, Schleimer R, Kern RC. The Etiology 
and Pathogenesis of Chronic Rhinosinusitis: 
a Review of Current Hypotheses. Curr 
Allergy Asthma Rep. 2015;15(7):1-10. 

8.  Sivasubramaniam R, Douglas R. The 
microbiome and chronic rhinosinusitis. 
World J Otorhinolaryngol - Head Neck Surg. 
2018;4(3):216-21. 

9. Wilkins LJ, Monga M, Miller AW. Defining 
Dysbiosis for a Cluster of Chronic Diseases. 
Sci Rep. 2019;9(1):1-10. 

10. Hand TW, Vujkovic-Cvijin I, Ridaura VK, 
Belkaid Y. Linking the Microbiota, Chronic 
Disease, and the Immune System. Trends 
Endocrinol Metab. 2016;27(12):831-43. 

11. Gan W, Yang F, Tang Y, Zhou D, Qing D, 
Hu J, et al. The difference in nasal bacterial 
microbiome diversity between chronic 
rhinosinusitis patients with polyps and 
a control population. Int Forum Allergy 
Rhinol. 2019;9(6):582-92. 



141

ORLI 2021 Volume 51 No.2                                     Microbiota profile in sinonasal mucosa

12. Gan W, Zhang H, Yang F, Liu S, Liu F, 
Meng J. The influence of nasal bacterial 
microbiome diversity on the pathogenesis 
and prognosis of chronic rhinosinusitis 
patients with polyps. Eur Arch Oto-Rhino-
Laryngology. 2020;1-14. 

13. Hoggard M, Biswas K, Zoing M, Wagner 
Mackenzie B, Taylor MW, Douglas RG. 
Evidence of microbiota dysbiosis in chronic 
rhinosinusitis. Int Forum Allergy Rhinol. 
2017;7(3):230-9. 

14. Ramakrishnan VR, Hauser LJ, Feazel 
LM, Ir D, Robertson CE, Frank DN. 
Sinus microbiota varies among chronic 
rhinosinusitis phenotypes and predicts 
surgical outcome. J Allergy Clin Immunol. 
2015;136(2):334-342.e1. 

15. Belkaid Y, Hand TW. Role of the microbiota 
in immunity and inflammation. Cell. 
2014;157(1):121-41. 

16. Lee JT, Frank DN, Ramakrishnan V. 
Microbiome of the paranasal sinuses: Update 
and literature review. Am J Rhinol Allergy. 
2016;30(1):3-16. 

17. Jain R, Hoggard M, Biswas K, Zoing 
M, Jiang Y, Douglas R. Changes in the 
bacterial microbiome of patients with chronic 
rhinosinusitis after endoscopic sinus surgery. 
Int Forum Allergy Rhinol. 2017;7(1):7-15. 

18. Kim JH, Kim SH, Lim JY, Kim D, Jeong IS, 
Lee DK, et al. Association between the sinus 
microbiota with eosinophilic inflammation 
and prognosis in chronic rhinosinusitis with 
nasal polyps. Exp Mol Med. 2020;52(6):978-
87. 

19. Ramsey MM, Freire MO, Gabrilska RA, 
Rumbaugh KP, Lemon KP. Staphylococcus 
aureus shifts toward commensalism in 
response to Corynebacterium species. Front 
Microbiol. 2016;7:1230. 

20. Hardy BL,  Dickey SW, Plaut  RD, 
Riggins DP, Stibitz S, Otto M, et al. 
Corynebacterium pseudodiphtheriticum 
exploits Staphylococcus aureus virulence 
components in a novel polymicrobial defense 
strategy. MBio. 2019;10(1). 

21. Kanmani P, Clua P, Vizoso-Pinto MG, 
Rodriguez C, Alvarez S, Melnikov V, 
et al. Respiratory commensal bacteria 
Corynebacterium pseudodiphtheriticum 
improves resistance of infant mice to 
respiratory syncytial virus and Streptococcus 

pneumoniae superinfection. Front Microbiol. 
2017;8:1613. 

22. Cope EK, Goldberg AN, Pletcher SD, Lynch S 
V. Compositionally and functionally distinct 
sinus microbiota in chronic rhinosinusitis 
patients have immunological and clinically 
divergent consequences. Microbiome. 
2017;5(1). 

23. Hinić V, Lang C, Weisser M, Straub C, 
Frei R, Goldenberger D. Corynebacterium 
tubercu los tea r icum:  A po ten t ia l ly 
m i s i d e n t i f i e d  a n d  m u l t i r e s i s t a n t 
Corynebacterium species isolated from 
clinical specimens. J Clin Microbiol. 
2012;50(8):2561-7. 

24. Maniakas A, Asmar MH, Renteria Flores 
AE, Nayan S, Alromaih S, Endam LM, et 
al. Staphylococcus aureus on Sinus culture 
is associated with recurrence of chronic 
rhinosinusitis after endoscopic sinus surgery. 
Front Cell Infect Microbiol. 2018;8:150. 

25. Vickery TW, Ramakrishnan VR, Suh JD. The 
Role of Staphylococcus aureus in Patients 
with Chronic Sinusitis and Nasal Polyposis. 
Curr Allergy Asthma Rep. 2019;19(4):21. 

26. Thurlow LR, Hanke ML, Fritz T, Angle A, 
Aldrich A, Williams SH, et al.  Staphylococcus 
aureus Biofilms Prevent Macrophage 
Phagocytosis and Attenuate Inflammation 
In Vivo . J Immunol. 2011;186(11):6585-96. 

27. Tan NCW, Foreman A, Jardeleza C, Douglas 
R, Vreugde S, Wormald PJ. Intracellular 
Staphylococcus aureus: The Trojan horse of 
recalcitrant chronic rhinosinusitis? Int Forum 
Allergy Rhinol. 2013 Apr;3(4):261-6. 

28. Tuchscherr L, Medina E, Hussain M, 
Völker W, Heitmann V, Niemann S, et al. 
Staphylococcus aureus phenotype switching: 
An effective bacterial strategy to escape host 
immune response and establish a chronic 
infection. EMBO Mol Med. 2011;3(3):129-
41. 

29. Archer NK, Mazaitis MJ, William Costerton 
J, Leid JG, Powers ME, Shirtliff ME. 
Staphylococcus aureus biofilms: Properties, 
regulation and roles in human disease. 
Virulence. 2011;2(5):445-59. 


