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Purpose: Chronic rhinosinusitis (CRS) is one of the most common chronic diseases in the

geriatric population. However, CRS inflammatory mechanisms in older people have not been

thoroughly investigated. Our work aimed to analyze the bacterial flora of the nose and

paranasal sinuses in patients with CRS over 65 years of age, including comorbidities,

previously performed endoscopic sinus surgery (ESS), presence or absence of polyps and

the extent of the inflammatory process.

Patients and Methods: The study involved 529 patients between 18 and 84 years of age

with chronic rhinosinusitis who underwent endoscopic sinus surgery. There were 101

patients separated over 65 years of age (M = 52, K = 49, mean age 69 ± 0.7 years). The

control group consisted of 168 patients aged 18–40 years with CRS. The bacterial culture of

material collected from the patients during ESS was analyzed.

Results: In the group of patients over 65 years of age, more frequent occurrence of Proteus

spp. and Pseudomonas aeruginosa was found in comparison to younger patients. In older

patients with bronchial asthma, the occurrence of S. aureus, Escherichia coli, and

Citrobacter spp. was more frequent than in control group. Multiple sinus surgical procedures

in older patients were associated with the dominance of Staphylococcus aureus and

Escherichia coli, which was not demonstrated in the control group. There were no statisti-

cally significant differences between the occurrence of bacterial strain and the presence of

polyps, both in the group of patients over 65 years of age as well as in the control group.

Conclusion: The bacterial flora of patients with CRS is different in older and younger

patients. A different therapeutic approach should be considered in older patients with CRS,

but this problem requires further studies.

Keywords: sinusitis in elderly, aging, sinus culture, bacterial sinusitis, endoscopic sinus

surgery

Introduction
In developed countries, a constant aging process is observed. Also in Poland, there

is a similar phenomenon resulting from the extension of life expectancy. Currently,

the number of people over 65 years of age constitutes about 15% of the entire

Polish population.1 Chronic rhinosinusitis (CRS) is one of the most common

inflammatory diseases affecting about 5–15% of the general population in Europe

and the USA.2 It is estimated that CRS is the sixth most common chronic disease in

Correspondence: Joanna Leszczyńska
Department of Laryngology and
Laryngological Oncology, Upper Silesian
Medical Centre of Silesian Medical
University, ul. Ziołowa 45/47, Katowice
40-635, Poland
Tel/Fax +48 32 359 80 00
Email Johnka@wp.pl

Clinical Interventions in Aging Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Clinical Interventions in Aging 2020:15 207–215 207

http://doi.org/10.2147/CIA.S215917

DovePress © 2020 Leszczy�nska et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://orcid.org/0000-0001-5122-5857
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


the geriatric population.3,4 A Korean epidemiological

study involving 4098 patients showed the incidence of

CRS increased dramatically between 50 and 59 years

old, and then doubled after 60 years (compared to young

patients between the ages of 19 and 39).5 This disease

significantly reduces the quality of patients’ life by causing

the deterioration of their overall health and fitness in

comparison with the general population. This results in

an increase in health-care costs. Despite the large group

of patients and the interest of clinicians, still little is

known about the etiology, course, and results of CRS

treatment in patients over 65 years. According to the

guidelines of the European position paper on rhinosinusitis

and nasal polyps 2012, the occurrence of nasal blockage

and/or nasal discharge, which may be accompanied by

facial pain and/or reduction or loss of smell lasting at

least 12 weeks—or along with other symptoms—is the

basis for the diagnosis of CRS.2 The presence or absence

of nasal polyps is a traditional method of phenotyping

patients with CRS into two groups: CRS with nasal polyps

(CRSwNP) and CRS without nasal polyps (CRSsNP).

Polyps can arise via different pathophysiological mechan-

isms and may be primarily associated with eosinophil or

neutrophil domination in inflammatory infiltration.6,7

When analyzing CRS in the elderly population, the

natural aging of the immune system should be considered.

The mechanisms of this process are complex and concern,

among others, hemopoietic defects of the bone marrow,

dysfunction of peripheral lymphocyte migration, matura-

tion, and function. Due to thymic involution, the activity

of T and B cells decreases, and the production of antibo-

dies directed against their own tissues and proinflamma-

tory cytokines increases. The activity of dendritic cells,

neutrophil and macrophage decreases, which results in

greater susceptibility to infections. In the population, an

increased incidence of allergic rhinitis, bronchial asthma,

and skin allergies in people over 60 years of age is

observed. It is estimated that in patients over 65, there

are, at least, three chronic diseases, and often five.8,9 In

older people, reduced immunity to infections and the pre-

sence of comorbidities may result in a more severe clinical

course of CRS. So far, the relationship between the type

and amount of the microorganism and the severity of CRS

has not yet been precisely defined.

The Aims
The aim of the study was to assess in patients with CRS

after 65 years of age the following:

1. Bacterial flora in patients who underwent endo-

scopic sinus surgery compared to a younger group

of patients.

2. Relationship between the type of bacterial flora, the

severity of chronic inflammatory process and the

extent of endoscopic surgery.

3. Influence of comorbidities (bronchial asthma, IgE-

dependent allergy, hypersensitivity to non-steroidal

anti-inflammatory drugs [NSAIDs]) on bacterial

flora

4. Bacterial flora in patients operated for the first time

and repeatedly.

5. Bacterial flora in patients with CRSwNP and

CRSsNP.

Patients and Methods
Clinical study covered 529 patients (M = 55%, K = 45%, age

18 to 84 years, mean age = 49.8 ± 14.6 years) with chronic

rhinosinusitis who underwent ESS in the Department of

Laryngology and Laryngological Oncology in Katowice

and in the Department of Otorhinolaryngology and

Oncology in Zabrze of the Silesian Medical University in

Katowice. From this group, 101 patients after 65 years of age

were distinguished (M= 52, K = 49, mean age 69 ± 0.7 years)

where 82 patients had CRSwNP and 19CRSsNP. The control

group consisted of 168 patients aged 18–40 years (M = 95,

K = 73 mean age 32.4 ± 5.7 years) with CRS (68 patients

with CRSwNP, 100 patients with CRSsNP). The remaining

patients (260 people from the age range 41–64) were

excluded from further study. All participants provided writ-

ten informed consent, and this study was conducted in accor-

dance with the Declaration of Helsinki.

The exclusion criteria were as follows:

1. Age under 18 years of age.

2. Treatment with antibiotics and systemic steroids less

than 4 weeks prior to the ESS.

3. Active infection.

4. Congenital and acquired immunodeficiency, cystic

fibrosis.

5. Neoplastic process of the nose and paranasal sinuses.

6. Fungal sinusitis.

The patients were qualified for surgical treatment after

laryngological examination, endoscopy and computed

tomography of the paranasal sinuses. All patients had

collected microbiological material from the medial nasal

meatus during endoscopic sinus surgery.
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The material was collected with a swab stick with

AMIES substrate. For the growth of aerobic bacteria, the

sheep blood base was used—agar Columbia (Gram-

positive bacteria), MacConkey base (Gram-negative bac-

teria), Sabouraud base (fungi growth), chocolate in the

environment with increased carbon dioxide content

(Neisseria and Haemophilus cultures). Anaerobic bacteria

were grown on Schedler’s base. Each culture was kept at

35–37°C for 24–48 hrs, except for fungi and bacteria on

Schaedler’s medium, where cultivation was carried out for

7 days. During the culture, the material remaining on the

stick for 7 days was stored in the propagating base (cardio-

cerebral broth). Identification and susceptibility were

assessed using the Vitek 2 compact. Mycosis of the sinuses

was diagnosed on the basis of histopathological examina-

tion. Microbiological tests were performed by the labora-

tory of the Medical University according to accepted

procedures common for Upper Silesian Medical Centre.

Bacterial colonies were counted as follows. Massive con-

fluent growth (uncountable colonies on an agar plate) was

defined as +++, 100–50 colonies—determined as ++, <50

colonies were determined as +.

All samples with growth ≥50 colonies on an agar plate

were included in the study and subjected to further statis-

tical analysis.

The patient’s disease histories were analyzed for the pre-

sence of comorbidities: bronchial asthma, IgE-dependent

allergy, and NSAIDs intolerance. Bronchial asthma in the

examined group of patients was diagnosed in accordance with

the guidelines of the Global Strategy for Asthma Management

and Prevention 2018.10 In the perioperative period, all patients

had well-controlled asthma regardless of its phenotype and

severity. IgE-dependent allergy in the studied patients was

diagnosed on the basis of confirmed positive prick test results

for inhalation allergens and/or IgE serum antibody testing.

Based on the history and the occurrence of adverse reactions

(dyspnea-exacerbated respiratory disease [NERD], urticaria-

exacerbated cutaneous disease [NECD]), after admission for

one or several different NSAIDs, patients were classified as

hypersensitive to NSAIDs. There were no provocative tests

with these drugs in these patients. A group of patients operated

on for CRS was identified for the first and the next time.

To unify the extent of the surgery, four types of ESS

were distinguished. Type I includes antrostomy (enlarge-

ment of the natural ostium of the maxillary sinus) and

uncinectomy (removal of the uncinate process), type II

includes anterior and posterior ethmoidectomy (removal

of the anterior and/or posterior ethmoid cells) with or

without antrostomy. Type III is a frontoethmoidectomy

(opening the frontal recess and/or frontal sinus and eth-

moid), while type IV is each opening of the sphenoid sinus

(sphenoidectomy).

Statistical analyses were performed in the Statistica 12

program (StatSoft., Inc.). All calculations were performed

based on the Pearson chi-square test. The chi-square test

results and the probability for each sample are summarized

in the tables. The charts were made in MS Excel 2013

(Microsoft).

The protocol of the study was approved by the Local

Bioethical Committee at the Medical University of Silesia.

Results
Ad 1) Evaluation of Bacterial Flora in

Patients Over 65 Years of Age Who

Underwent ESS Compared to a Younger

Group of Patients (≤40 Years)
The analysis concerned 10 types of bacteria (Staphylococcus

aureus, Staphylococcus epidermidis, Escherichia coli,

Klebsiella spp., Coagulase-negative Staphylococci [CNS],

Streptococcus spp. Citrobacter spp., Enterobacter spp.,

Proteus spp., Pseudomonas aeruginosa) Their percentage dis-

tribution for thewhole group of 269 patients (study and control

group) is shown in Figure 1. Due to the high number of

Staphylococcus epidermidis in the examined material, this

bacteria was isolated from the CNS group.

Then, separately in the study group (>65 years of age),

as well as in the control group (≤40 years of age), the

frequency of individual bacteria is calculated in Figure 2.

To determine if there are more frequent some types of

bacteria in the studied groups, a statistical analysis based

on the chi-square test is made in Table 1.

Only two types of bacteria are more common in patients

over 65 years: Proteus spp. and Pseudomonas aeruginosa.

Ad 2) Determination of the Relationship

Between the Type of Bacterial Flora and

the Extent of Inflammatory Process and

the Type of Endoscopic Surgery
Based on the chi-square test, whether some types of bac-

teria are associated with more extensive ESS procedures

(types III and IV) in individual groups of patients is

examined in Table 2.

In the group of patients >65 years in whom Citrobacter

spp. was grown, more extensive ESS procedures (type III
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and IV) were performed. In the control group, there was

no statistically significant relationship between the ESS

types and bacterial flora.

Ad 3) Assessment of the Influence of

Comorbidities (Bronchial Asthma,

IgE-Dependent Allergy, Hypersensitivity

to NSAIDs) on Bacterial Flora
In both groups, the most common comorbid disease was

bronchial asthma (22%), followed by IgE-dependent

allergy (13%) and the least common hypersensitivity to

NSAIDs (9%). Patients aged up to 40 years are more

likely to suffer from allergies than older people; in the

case of hypersensitivity to NSAIDs, the relationship is

reversed and these are statistically significant relationships

(p ≪ 0.05). Among the elderly, bronchial asthma is more

common—the result is of borderline statistical signifi-

cance. To determine the relationship between comorbid

disease and the type of bacteria, chi-square independence

tests were performed (Table 3).

Figure 1 Percentage distribution of bacterial flora in study and control group in total.

Figure 2 Percentage distribution of bacterial flora separately in the study and control group.
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In patients over 65 years of age with asthma, the occur-

rence of Staphylococcus aureus, Escherichia coli, and

Citrobacter spp. was more frequent than in control group

In older patients with hypersensitivity to NSAIDs, the

occurrence of Staphylococcus aureus was more frequent,

compared to younger group.

Among the patients with IgE-dependent allergy, only in

younger patients, the occurrence of Staphylococcus aureus

and Staphylococcus epidermidis were more frequent.

Ad 4) Comparison of Bacterial Flora in

Patients Operated for the First Time and

Repeatedly
A statistical analysis based on the chi-square independence

test was carried out for both groups - Table 4. In reoper-

ated patients, over 65 years of age, the occurrence of

Staphylococcus aureus and Escherichia coli was more

frequent than in control group.

Ad 5) Comparison of Bacterial Flora in

Patients with (CRSwNP) and (CRSsNP)
A statistical analysis (separate for each type of bacteria) was

performed for both groups based on the chi-square indepen-

dence test. There were no statistically significant differences

between the occurrence of a certain type of bacteria and the

presence of nasal polyps in both groups over 65 years of age

as well as in the control group. The incidence of nasal polyps

for the group up to 40 years and over 65 years was compared,

and there were statistically significant differences between

the groups: t (df = 267) = - 3.77 and p <0.05. In the elderly

group, nasal polyps were more common.

Table 5 presents a summary of the most important

obtained results.

Table 1 Determination of the Most Frequent Types of Bacteria

in the Studied Group. Results of Statistical Analyses Were Based

on the Chi-Square Test

Bacteria Chi2 P

Citrobacter spp. 0.73 0.39

Escherichia coli 0.48 0.49

Enterobacter spp. 0.73 0.39

Klebsiella spp. 0.34 0.56

Proteus spp. 6.57 0.01

Pseudomonas aeruginosa 6.86 0.01

Staphylococcus aureus 0.55 0.46

Staphylococcus epidermidis 0.01 0.95

CNS 0.10 0.75

Streptococcus spp. 0.48 0.49

Note: The bold values indicate statistically significant differences with a significance

level of <5%.

Abbreviations: CNS, coagulase-negative Staphylococci; P, probability.

Table 2 Association Between Type III and IV ESS Procedures and

Bacterial Flora. Results of Statistical Analyses Were Based on the

Chi-Square Test

Bacteria Chi2 P

Citrobacter spp. 4.28 0.03

Escherichia coli 0.55 0.45

Enterobacter spp. 3.6 0.05

Klebsiella spp. 0.02 0.87

Proteus spp. 0 0.99

Staphylococcus aureus 0.12 0.71

Staphylococcus epidermidis 2.66 0.10

CNS 0.41 0.51

Streptococcus spp. 2.35 0.12

Note: The data in bold indicate statistically significant differences with a significance

level of <5%.

Abbreviations: CNS, coagulase-negative Staphylococci; P, probability.

Table 4 Comparison of Bacterial Flora in Patients Operated on

for the First Time and Patients Operated on Repeatedly. Results

of Statistical Analyses Were Based on the Chi-Square Test

Bacteria Chi2 P

Staphylococcus aureus 7.86 0.01

Staphylococcus epidermidis 1.42 0.23

CNS 0.02 0.89

Klebsiella spp. 2.86 0.09

Escherichia coli 6.87 0.01

Proteus spp. 2.10 0.15

Citrobacter spp. 0.12 0.73

Note: The data in bold indicate statistically significant differences with a significance

level of <5%.

Abbreviations: CNS, coagulase-negative Staphylococci; P, probability.

Table 3 Influence of Comorbidities on Bacterial Flora. Results of

Statistical Analyses Were Based on the Chi-Square Test

Bacteria Bronchial

Asthma

IgE-

Dependent

Allergy

Hypersensitivity

to NSAIDs

Chi2 P Chi2 P Chi2 p

Staphylococcus aureus 4.47 0.03 4.79 0.03 5.21 0.02

Staphylococcus

epidermidis

0.01 0.93 3.97 0.05 2.56 0.11

CNS 0.14 0.71 1.06 1.30 1.76 0.18

Klebsiella spp. 2.57 0.11 0.29 0.59 2.72 0.1

Escherichia coli 4.71 0.03 0.24 0.63 2.53 0.11

Proteus ssp. 1.15 0.28 1.15 0.28 0.00 0.99

Citrobacter spp. 4.75 0.03 0.01 0.93 1.32 0.25

Note: The data in bold indicate statistically significant differences with a significance

level of <5%.

Abbreviations: CNS, coagulase-negative Staphylococci; NSAIDs, non-steroidal anti-

inflammatory drugs; P, probability.
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Discussion
The etiology, pathogenesis and role of bacterial infections

in the development of CRS remain unclear. In the geriatric

population, there is still little research on whether there are

differences in the etiology and pathogenesis of CRS in this

group of patients and whether the treatment requires

a special therapeutic approach. This is particularly impor-

tant due to the increased risk of complications after ESS as

well as antibiotic and steroid therapy in older patients. The

physiological process of aging the cells of the immune

system is called immunosenescence. With age, there is

a significant reduction in the ability to respond to antigens,

as well as impaired shaping of congenital and acquired

(cellular and humoral) responses. As a consequence,

a subclinical, generalized, chronic inflammation process

develops, which results in increased susceptibility to infec-

tions, neoplastic diseases, and autoimmunity.11

Recent studies have shown a reduced level of S100

protein in the mucosa of the sinuses of patients over 60

years of age. This protein mediates anti-inflammatory

effects and affects the integrity of the epithelium, which

is a key factor hindering the inhalation of pathogens and

allergens.12,13 In the elderly, decreased mucociliary clear-

ance and thinning of the nasal mucosa were found.13,14

Due to a reduction in the percentage of water in the body,

a thicker mucus is observed.14 The weakening of these

protective barriers in older people may result in easier

colonization by microorganisms compared to the younger

population.

In the whole material, the most common bacterial types

were CNS (about 35%, among which Staphylococcus epi-

dermidis dominated at 24%) and Staphylococcus aureus

(25%). Similar observations are also described by other

authors.2,15 Despite the suggestion that CNS are associated

with contamination and not with infection of the sinus

mucosa, in vivo studies documented the pathogenic effect

of Staphylococcus epidermidis on the sinus mucosas.16

A comparable number of cultured Staphylococcus epi-

dermidis and Staphylococcus aureus may be associated

with the interaction phenomenon occurring between these

bacteria. Epidemiological studies in the general population

have shown that the presence of Staphylococcus epidermi-

dis in the sinus mucosa correlates with the absence of

Staphylococcus aureus. In vivo studies have shown that

Staphylococcus epidermidis secretes serine protease (Esp),

which inhibits biofilm formation and colonization by

Staphylococcus aureus. Purified Esp destroys the pre-

viously existing biofilms Staphylococcus aureus and

increases its sensitivity to mediators of the immune

system.17,18 Also, in some studies of bacterial biofilm of

Table 5 Summary of the Most Important Results

Issue studied Bacteria P Chi2 Conclusion from the Statistical Analysis for the Study Group

Compared to the Control Group

Bacterial flora in

patients with CRS

Proteus spp. 6.57 0.01 More frequent occurrence of these bacteria in the group of patients who were

>65 years of age
Pseudomonas aeruginosa 6.86 0.01

Extensive ESS Citrobacter spp. 4.28 0.03 More frequent occurrence of this bacterium in more extensive ESS procedures

(type III and IV) in the group of patients who were >65 years of age.

CRS +

Hypersensitivity

to NSAIDs

Staphylococcus aureus 5.21 0.02 More frequent occurrence of these bacteria in the group of patients who were

>65 years of age and had comorbidities

CRS + Bronchial

asthma

Staphylococcus aureus 4.47 0.03

Escherichia coli 4.71 0.03

Citrobacter spp. 4.75 0.03

CRS + IgE-

dependent allergy

Staphylococcus aureus 4.79 0.03

Staphylococcus epidermidis 3.97 0.05

Previous ESS Staphylococcus aureus 7.86 0.01 More frequent occurrence of these bacteria in the re-operated group of patients

who were >65 years of age
Escherichia coli 6.87 0.01

Abbreviations: CRS, chronic rhinosinusitis; ESS, endoscopic sinus surgery; NSAIDs, non-steroidal anti-inflammatory drugs; P, probability.
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the sinus mucosa, the dominance of Staphylococcus epi-

dermidis over Staphylococcus aureus and other bacteria in

the production of biofilm has been reported.19

In our study in the group of patients after 65 years of age

(compared to younger patients), more frequent occurrence of

two opportunistic Gram-negative bacteria was confirmed:

Pseudomonas aeruginosa and Proteus spp. (p = 0.01). The

reason for this phenomenon may be the fact that older

patients in their lives have been treated with antibiotics

more often and longer, which in turn, leads to the develop-

ment of resistant bacterial strains. The process of reducing

immunity related to age seems to be also an important

argument.

So far, only one study has actually analyzed the problem

of bacterial infections in patients with CRS after 60 years of

age. As applied, the group of American researchers also

confirmed the frequent occurrence of Pseudomonas aerugi-

nosa in patients with CRS over 60 years of age compared to

younger patients.20 In addition, neutrophils domination in

inflammatory infiltrations and association bacterial infec-

tion with increased levels of IL-1β, IL-6, IL-8, and TNF-α
cytokines are confirmed in older patients. These relation-

ships were not observed in younger patients, which suggests

a mechanism uniquely associated with aging.20 It has also

been suggested that younger and older patients may have

different immunological responses to colonizing bacteria.

Clinically, in older patients with CRS, bacterial coloniza-

tion is more frequent, with a poor long-term response to

antibiotics.20

Predomination of neutrophil infiltrates over eosinophils

in older patients with CRS compared to younger groups

was also confirmed by the study of Cho SH et al.12

Molecular studies of the microbiome from recent years

have disproved the myth that healthy sinuses are “sterile”,

at the same time revealing the wide diversity of the micro-

flora of this region. In both healthy people and patients

with CRS, the presence of complex microbial microorgan-

isms in the sinus cavity was confirmed, where the group

with CRS was often characterized by reduced microflora

diversity compared to the control group.21 The imbalance

between microorganisms colonizing the sinus mucosa and

reduced bacterial diversity may play a role in the patho-

genesis of CRS. However, it is still unclear whether the

presence of microbial dysbiosis in CRS is the cause or

rather the relationship of the disease process.22 The few

studies of sinus microflora in the elderly population show

that advanced age is an independent predictor factor of the

composition of the microbiome. In addition, these studies

confirmed the more frequent occurrence of Pseudomonas

species in older patients with CRS compared to younger

patients.23

It is known that bronchial asthma, allergy, and hyper-

sensitivity to NSAIDs are associated with CRS. Analyzing

the bacterial flora of the sinuses in older patients with

CRS, we decided to investigate whether there are signifi-

cant relationships between these diseases and the cultured

pathogen, given that such studies have not been presented

so far.

In our study among elderly patients with CRS, bron-

chial asthma, and nasal polyps were more common than in

the younger group of patients, which is consistent with the

reports of other authors.14,24,25 Bronchial asthma was the

most common comorbid disease in both groups of patients.

Based on the common immune mechanisms and patho-

physiology of inflammatory diseases of the upper and

lower respiratory tracts, recent studies have shown that

the composition and function of the upper airway micro-

biome may influence asthma pathogenesis. What is more,

microbes can play different roles depending on the age

group.25 Moreover, the results of microbiological studies

carried out so far in patients with bronchial asthma are not

consistent.25–27 Recent reports have confirmed the pre-

sence of a neutrophil asthma phenotype in older patients.

It was also found that colonization of the airways by

Haemophilus spp., Streptococcus spp. or Moraxella catar-

rhalis positively correlated with sputum neutrophilia in

patients with severe refractory asthma.28

In our study of the group of patients >65 years of age

with bronchial asthma, a statistically significant more fre-

quent occurrence of bacteria was found: Staphylococcus

aureus, Escherichia coli, and Citrobacter spp. compared to

younger patients. At the same time, more frequent occur-

rence of Staphylococcus aureus was confirmed among

patients >65 years of age, with CRS and hypersensitivity

to NSAIDs than in the control group. In our opinion, this

may be associated with chronic and long-term carrying of

these pathogens and may have an adverse relationship with

asthma associated with hypersensitivity to NSAIDs.

In our study of patients with CRS up to 40 years of

age, IgE-related allergy was more frequent than in the

elderly group. Some authors suggest the frequent occur-

rence of Staphylococcus aureus in patients with allergic

sinusitis,29,30 which we also confirmed but only in the

group of younger patients.

In the group of patients over 65 years of age, our analy-

sis showed more frequent occurrence of Gram-negative
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bacteria (Staphylococcus aureus and Escherichia coli) in

reoperated patients compared to the younger group. Such

observations may be the result of the use of prolonged

antibiotic therapy in reoperated patients. Interestingly, in

the recent molecular studies of the sinus microbiome, in

patients after the next ESS, no specific pathogen dominated,

but significant reductions in bacterial diversity were

found.21,31 We have also shown that, in the examined

group of elderly patients, there is a strong relationship

between the presence of Citrobacter spp. in the nasal

mucosa, the extent of the inflammatory process and, conse-

quently, the need to perform a more extensive surgery.

A huge therapeutic challenge is CRS with polyps

(CRSwNP) associated with severe and uncontrolled asthma,

which is more common in older people. For this reason, in

our study, we have also subjected this problem to a deeper

analysis. We confirmed the more frequent occurrence of

polyps in older patients (99% of patients after 65 years had

CRSwNP, 59% of patients <40 years of age had CRSwNP),

which is consistent with previous studies.2,32 The most com-

mon type of bacterium among patients with CRSwNP with

polyps after 65 years of age as well as in the control group

was Staphylococcus aureus. However, this was not

a statistically significant result. Finally, we did not show

any relationship between the occurrence of a specific strain

and the presence of polyps in both people over 65 years of

age and the control group. Many researchers have postulated

a theory where colonizing Staphylococcus aureus secretes

a toxin antigen (sags), which enhances the inflammatory

response with a predominance of infiltrates of eosinophilic

and promotes the formation of polyps.2 However, due to the

lack of evidence of the direct etiological role of this bacter-

ium, Staphylococcus aureus is currently perceived as a factor

modifying the course of the disease.2 What is more, the latest

molecular studies of sinus microbiome did not show differ-

ences in microflora in patients with nasal polyps.23

CRS is one of the more frequent chronic diseases occur-

ring in the elderly population, although the inflammatory

mechanisms in this disease are not yet fully understood.

Therefore, our work aimed to find a difference in this group

of patients, especially in the field of sinus bacterial flora,

which could also optimize the therapeutic process. Patients

with CRS are often treated with extended cycles of anti-

biotics and steroids. Surgical intervention is recommended

in patients who do not respond to treatment; however, age

may be one of the risk factors for serious complications of

sinus endoscopic surgery.33 Analyzing the results of our

research and the few reports of other authors, we found

that there are differences between the bacterial flora of the

sinuses in older and younger patients with CRS. In addition,

older patients are more susceptible to infection with oppor-

tunistic bacteria, which is associated with greater resistance

to antibiotics and worse treatment outcome. What is more,

according to the postulate about the predominance of neu-

trophilic type of inflammation in older patients with CRS,

the use of corticosteroids may be less effective, leading to

the search for alternative therapeutic approaches. Among

them, probiotics deserve attention, which, according to

recent studies, may restore the balance of the disturbed

microbiome structure of the sinuses, resulting in lower

susceptibility to infection.34

Our study undoubtedly draws attention to the role of

Staphylococcus aureus, which is dominant in older patients

with bronchial asthma and NSAID intolerance, as well as

after previous surgical operations of the sinuses. Perhaps

the use of probiotics would be effective in this group of

patients, which could potentially reduce the number of

pathogens and limit the remodeling of the upper respiratory

tract mucosa, as suggested by some authors.32,34 Although

probiotic therapies seem to be promising, further research is

needed to establish their true role in the treatment of CRS.

An undoubted limitation of our work was a study method

based on the analysis of traditional bacterial cultures rather

than a molecular study of the microbiome. Further research

is necessary to better understand the pathomechanism and

role of bacterial infections in older patients with CRS.

Conclusion
Based on our study, it can be concluded that the bacterial

flora of the paranasal sinuses of patients with CRS is

different in older and younger patients. Older patients are

more susceptible to bacterial infections than younger ones.

Some comorbidities (hypersensitivity to NSAIDs and

bronchial asthma), as well as previous sinus surgical pro-

cedures in older patients with CRS, have an impact on

bacterial flora. Therefore, a separate therapeutic approach

in older patients with CRS seems to be justified, but this

problem requires further research.
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