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The onset and progression of acute bacterial rhinosinusitis are influenced by infection, genetic, and environmental factors. The application
of modern microbiological methods has expanded the etiological spectrum of microorganisms capable of causing acute bacterial rhinosinusitis.

Aim of the study is to investigate the species composition and population levels of the microbiome in the maxillary sinus mucosa,
assessing their adhesive potential in cases of acute bacterial rhinosinusitis.

Materials and research methods. The study involved 38 patients diagnosed with acute bacterial rhinosinusitis, from whom 45 clinical
microbial strains were isolated and identified. Diagnosis was confirmed based on the presence of objective and subjective clinical signs.
Microbial cultivation followed standard protocols, with final biochemical identification performed using the automated Vitek 2 bacteriological
analyser. Adhesive activity of clinical strains was determined via the V.I. Brillis et al. method, calculating the mean adhesion index.

Results. Under conditions of acute bacterial rhinosinusitis, the structure of clinically significant microbial strains was dominated by
S. aureus, H. influenzae, K. pneumoniae, and M. catarrhalis. Additionally, the aetiological significance of commensal bacteria such as
S. epidermidis, S. warneri, and K. rizophilia was established in the development of the disease. The clinical isolates exhibited a high level of
microbial colonisation in the maxillary sinuses. In 78% of patients with acute bacterial sinusitis, a mono-infection was detected, while 22%
showed an association of multiple microorganisms. Among the clinical isolates colonising the mucous membranes of the maxillary sinuses
in acute bacterial rhinosinusitis, 81% demonstrated high and 19% moderate adhesive activity. The findings indicate an increasing role of
opportunistic microorganisms in the aetiopathogenesis of acute bacterial rhinosinusitis, driven by their virulence and significant population
levels of pathogens.

Keywords: acute bacterial rhinosinusitis, microbiome, adhesion.
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OCOBJIMBOCTI MIKPOBIOMY BEPXHBOUIEJIEITHUX MA3YX IIPU T'OCTPOMY BAKTEPIAJIBHOMY
PUHOCHUHYCHUTI

Tlonmascvkuii depacagruil meouyHuil yHigepcumem, llonmasa, Yxpaina

Mertoro nocniukeHHs OyJIo BUBYCHHS BHIOBOIO CKJIAAy Ta MOMYJIILIHHOrO PiBHS MiKpOOiOMY CIN30BUX OOOJIOHOK BEPXHBOIIENECITHUX
HasyX 3 BH3HAYCHHSM iXHBOTO a/Ir€3MBHOTO IOTCHIiaNy 3a yMOB rOCTpOro OakTepiaipHOro puHOCHHYycuty. ObcTexkeHo 38 marieHTiB
3 ZIIaTHO30M TOCTpHiA OaKTepialbHIN PHHOCHHYCHT, BiJl SKHX BUIUIEHO 45 ITaMiB MiKpOOPTraHi3MiB. ¥ CTPYKTYpi KJIIHIYHO 3HAYMMHUX 130JIATiB
nominysanu S. aureus, H. influenzae, K. pneumoniae, M. catarrhalis. Takox y po3BUTKY 3aXBOPIOBaHHS JOBEICHA POJIb KOMEHCATbHUX
Oaxrepiit S. epidermidis, S. warneri, K. rizophilia, ans SKuX XapaKTepHHI BHCOKMH TOMyNAMiHHUNA piBeHb. Y 78% malicHTIB BHABICHA
MoHoiH(eKwLid, a y 22% — MikcriHdekuis. KitiHivHi mTamy, 110 KOJIOHI3yBaIl BEpXHbOIIENENHi nasyxu, y 81% Bonoxian Bucokoto iy 19%
CEepEeNHbOIO a/ITe3UBHO0 AKTHBHICTIO.

3pocTaHHA pONi OMOPTYHICTHYHMX MIKPOOPTaHI3MiB y PO3BUTKY TOCTPOro OakTepialbHOTO PUHOCHHYCHTY 3yMOBJICHE IXHBOIO
BIPYJICHTHICTIO Ta 3HAYHUM MOMYJISALIHUM piBHEM.

Kitrouogi ciioBa: roctpuii 6axTepiadbHUH PUHOCHHYCHT, MIKPOOioM, ajre3is.

Introduction care systems, and imposing an economic burden on society

The issue of acute rhinosinusitis (ARS) remains highly
relevant and socially significant, both globally and in
Ukraine. Each year, the incidence of rhinosinusitis among
the global population reaches approximately 15%, signifi-
cantly impacting quality of life, placing strain on health-
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[1]. In Ukraine, the overall decline in population health is
primarily linked to the devastating consequences of the
COVID-19 pandemic and the full-scale Russian inva-
sion, which have substantially altered the course of infec-
tious and respiratory diseases with pronounced microbial-
inflammatory manifestations. This has led to increased
disease severity and aggressive spread [2]. According to
epidemiological studies in Ukraine, the prevalence of acute
rhinitis, rhinosinusitis, and rhinopharyngitis reaches 489.9
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cases per 10.000 population, with an incidence rate of 5—15
cases per 1.000 population depending on the season. Such
patients account for 60—-65% of all outpatient visits to oto-
rhinolaryngologists [3].

Contributing factors include: anatomical abnormalities
of nasal/paranasal structures; impaired mucociliary clear-
ance; upper respiratory tract infections; immunodeficiency
states; genetic and environmental factors; smoking; atopic
phenotype; anxiety and depressive disorders [1; 3]. The
infectious component remains pivotal in ARS pathogen-
esis. According to the European Position Paper on Rhino-
sinusitis and Nasal Polyps (EPOS 2020), ARS is classified
as viral ARS (common cold), post-viral ARS, and acute
bacterial rhinosinusitis (ABRS). Viral ARS demonstrates
particularly high incidence rates [1; 4]. Viral invasion dam-
ages nasal epithelial cells, leading to: impaired mucocili-
ary clearance, apoptotic and necrotic cell death, disrupted
adaptive immune regulation. This compromise of the epi-
thelial barrier’s structural and functional integrity creates
conditions for secondary bacterial infection. Research indi-
cates viral rhinosinusitis progresses to bacterial infection
in: 0.5-2.0% of adult cases, 5-10% of paediatric cases with
the possible development of serious complications or life-
threatening conditions [5-7].

It is also important to consider the etiological role of
micromycetes in sinus infections. Therefore, to improve
the treatment of acute rhinosinusitis of various etiologies
and prevent the development of rhinogenic intracranial and
orbital complications, it is essential to analyze the micro-
bial profile of the sinuses and the sensitivity of microor-
ganisms to antibiotics. The use of broad-spectrum antimi-
crobial agents targeting multiple pathogens contributes to
the formation and spread of antibiotic-resistant microbial
strains. For this reason, finding alternative ways to over-
come microbiome resistance to antibacterial drugs remains
a relevant issue today [8; 9].

In recent decades, research has confirmed that the
paranasal sinuses are inhabited by microbial communities
consisting of both commensal and potentially pathogenic
microorganisms. However, the population levels of these
microbiome representatives are typically found in low con-
centrations [10]. Under certain conditions, microecologi-
cal imbalances occur in the normal biocenosis of the sinus
mucosa. This can lead to increased microbial load from
both resident and non-native microorganisms, as well as
subsequent colonization of the sinus mucosa by pathogenic
and opportunistic flora at high population levels — often
originating from other biotopes of the upper respiratory
tract [11; 12]. As a result, microbial selection occurs, driv-
ing pathogenization of the local microbiome. This process
can trigger mono- or polyetiological infectious-inflamma-
tory conditions.

Medical literature identifies several microorganisms as
the most common causes of acute bacterial rhinosinusitis.
These include Streptococcus pneumoniae (S. pneumoniae),
Haemophilus influenzae (H. influenzae), combinations
of these pathogens, P-hemolytic streptococci, non-B-
hemolytic streptococci, Staphylococcus aureus (S. aureus),
Moraxella catarrhalis (M. catarrhalis), and Haemophilus
parainfluenzae (H. parainfluenzae) [1]. However, advances
in diagnostic microbiological methods have expanded the
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range of microorganisms known to infect the paranasal
sinus mucosa. Research by Miah MS et al. found that Strep-
tococcus anginosus (S. anginosus) and S. aureus were the
most frequently involved microorganisms in acute bacte-
rial rhinosinusitis [13]. Other studies using PCR techniques
have confirmed the involvement of Chlamydophila pneu-
moniae (C. pneumoniae), Streptococcus milleri (S. milleri),
and coagulase-negative staphylococci, in addition to H.
influenzae and S. pneumoniae [14].

The ability of microorganisms to colonize host biotopes
depends on their biological properties. One key factor in
a microorganism’s virulence is its ability to adhere to sur-
faces. Increased adhesive potential helps bacteria establish
themselves in a biotope, survive in hostile environments,
and serves as the initial step in biofilm formation. Within
biofilms, microbial cells become resistant to: local immune
defenses of mucous membranes, antibiotics and disinfec-
tants.

The aim is to study the species composition and popula-
tion level of the microbiome of the maxillary sinus mucosa,
determining their adhesive potential in cases of acute bac-
terial rhinosinusitis.

Materials and Methods

The microbial spectrum of the maxillary sinus mucosa
was studied in patients diagnosed with acute bacterial rhi-
nosinusitis who were treated at the otolaryngology depart-
ment of the “2nd City Clinical Hospital of the Poltava City
Council” between November 2024 and January 2025.

A total of 38 patients (24 women and 14 men, account-
ing for 63% and 37%, respectively) aged 18 to 60 years
were examined. Inclusion criteria: the presence of a patient
diagnosed on the basis of clinical and rhinoscopic signs of
acute bacterial rhinosinusitis (according to the provisions
of the Unified Clinical Protocol of Primary and Special-
ized Medical Care “Acute Rhinosinusitis”), the presence
of the patient’s informed voluntary consent to diagnostic
manipulations and inclusion in the study. Exclusion crite-
ria: patients with acute viral rhinosinusitis, acute post-viral
rhinosinusitis and chronic rhinosinusitis (with or without
nasal polyps), suspected or confirmed pregnancy, the pres-
ence of chronic pathology from other organs and systems in
the stage of decompensation; use of various dosage forms
of antimicrobial agents both systemically and locally, in
particular, antiseptics during the last month, immunocom-
promised individuals. The diagnosis was confirmed based
on: subjective symptoms (nasal congestion or difficulty
breathing, nasal discharge, facial pain or pressure, reduced
sense of smell); medical history (biphasic disease progres-
sion, symptom duration from 10 days to 12 weeks); objec-
tive signs (swelling and redness of the nasal mucosa, muco-
purulent discharge, mainly in the middle and common nasal
passages), and additional radiological tests (X-rays, com-
puted tomography [CT], or magnetic resonance imaging
[MRI] of the paranasal sinuses). The study was conducted
in accordance with the Helsinki Declaration of the World
Medical Association on ethical principles for medical
research involving human subjects [15] and was approved
by the Biomedical Ethics Committee of Poltava State
Medical University (Protocol No. 292, dated 30.09.2022).
Consent to the processing of personal data was granted by
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the patients. In patients with acute maxillary sinusitis, bio-
logical samples were collected before treatment through a
standard procedure — puncture of the maxillary sinus using
a Kulikovsky needle. The material was aspirated after flush-
ing the sinus with 0.9% sodium chloride solution using a
sterile disposable syringe. Approximately 1 mL of the col-
lected fluid was placed in a test tube containing Amies
semi-solid transport medium (JS Medical Material, China).
The samples were transported under controlled temperature
conditions (isothermal) to the bacteriology laboratory at the
Department of Microbiology, Virology, and Immunology
of Poltava State Medical University (PSMU). They were
processed within 2 hours for isolation, identification, and
further analysis of clinical isolates.

The study examined 45 clinical strains of aerobic and
facultative anaerobic bacteria, including both indigenous
(autochthonous) and non-indigenous (allochthonous) spe-
cies, as well as Gram-positive and Gram-negative bacte-
ria. Samples were cultured using the sector streak method
on specialized selective and differential diagnostic media.
Petri dishes were incubated in a thermostat at 37°C for
24-48 hours, with daily monitoring of bacterial growth.
Final biochemical identification was performed using the
Vitek 2 Compact automated microbiological analyzer (Bio-
Meérieux, France). Microbial load in the maxillary sinuses
was expressed as colony-forming units per milliliter (CFU/
mL). Results were expressed in decimal logarithms (log
CFU/mL) for statistical evaluation.

The adhesive activity of clinical strains was determined
using the method by V.I. Brillis and co-authors, utilizing
human blood group 1(0) Rh+ erythrocytes. The follow-
ing parameters were assessed: Average Adhesion Index
(AAI) — mean number of bacteria attached per erythro-
cyte)); Erythrocyte Participation Coefficient (EPC) — per-
centage of erythrocytes with adhered bacteria on their sur-
face)); Microorganism Adhesion Index (MAI). MAI was
calculated using the formula: MAI = (AAI/CFU) x 100.

According to V.I. Brillis and co-authors’ method, micro-
organisms were classified as: non-adhesive (MAI < 1.75),
low-adhesive (MAI 1.76-2.5), moderately adhesive (MAI
2.51-4.0) and highly adhesive (MAI > 4.0).

The obtained results of clinical-microbiological studies
were analyzed using variation statistics methods, including
arithmetic mean (M) and standard error of the mean (+m).
Statistical processing was performed using Statistica for
Windows 5.0 software (Statfort, USA).

Research results and their discussion

During the period from November 2024 to January 2025,
45 microbial isolates in clinically significant quantities
were obtained from 38 patients with acute bacterial
rhinosinusitis. The species distribution of microorganisms
isolated from the maxillary sinuses of patients with ABRS
is presented in Table 1.

The obtained results indicate that the microorganisms
isolated from maxillary sinuses, according to Bergey’s
Manual, belonged to pathogens from three types and six
families. The type Firmicutes accounted for 54% of Gram-
positive cocci, including representatives of the Staphylo-
coccaceae and Streptococcaceae families, which were iso-
lated both in pure cultures and in microbial associations.
Among coagulase-positive staphylococci, the highest per-
centage (26%) belonged to S. aureus, while coagulase-neg-
ative staphylococci (S. epidermidis, S. warneri) accounted
for 16%. The Streptococcaceae family was the least numer-
ous. a-hemolytic streptococci were detected only in micro-
bial associations, while S. pyogenes (B-hemolytic strepto-
cocci) was isolated from only one patient.

With regard to the number of isolated strains, the type
Proteobacteria — represented by three families: Pasteurel-
laceae, Moraxellaceae, and Enterobacteriaceae — ranked
second (37%). The typical microorganisms of the Pasteu-
rellaceae family identified in patients with ABRS were
facultative anaerobic Gram-negative bacteria of the species

Table 1

Taxonomic characteristics of microorganisms isolated from maxillary sinuses in patients with acute
bacterial rhinosinusitis

Taxonomic affiliation of the isolated strains of microorganisms Representatives Strain prevalence
Type Family Genus P Abs. %
Firmicutes Staphylococcaceae Staphylococcus Coagulase positive 12 26
S. aureus
Coagulase negative 16
S. epidermidis 4
S. warneri 3
Streptococcaceae Streptococcus a-hemolytic 7
S. mitis 2
S.gallolyticus 1
6- hemolytic 5
S. pyogenes 2
Actinobacteria Micrococcaceae Kocuria K. rizophilia 3 7
Rothia R. kristinae 1 2
Proteobacteria Pasteurellaceae Haemophilus H. influenzae 6 13
Moraxellaceae Moraxella M. catarrhalis 4 9
Acinetobacter A. junii 1 2
Enterobacteriaceae Citrobacter C. freundii 2 4
Klebsiella K. pneumoniae 4 9
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H. influenzae (13%). The Moraxellaceae family was repre-
sented by aerobic Gram-negative diplococci of the species
M. catarrhalis (9%), while the Enterobacteriaceae family
included facultative anaerobic Gram-negative bacteria of
the species K. pneumoniae (9%). Clinical isolates of A.
Jjunii (genus Acinetobacter) and C. freundii (genus Citro-
bacter) accounted for 6% and were detected only in micro-
bial associations.

Representatives of the type Actinobacteria constituted
9% and belonged to the Micrococcaceae family. Clinical
strains of aerobic Gram-positive cocci of the species K.

KJITHIYHA IIPAKTHUKA

rizophilia (genus Kocuria) made up 7%, while R. kristinae
(genus Rothia) accounted for 2%. It was confirmed that these
bacterial species participated in the development of purulent-
inflammatory processes both as monoetiological agents and
in microbial associations. The taxonomic classification of
clinical isolates in ABRS was analyzed in accordance with
microbiological studies by other researchers [16].

The overall microbial colonization of the maxillary
sinus mucosa is shown in Fig. 1.

Analysis of quantitative colonization patterns reveals
high colonization potential among key ABRS pathogens.

K. pneumonige I 6, 1

C. freundii

A. junii

M. catarrhalis
H. influenzae
R. kristinae

K. rizophilia

I >,
Q%

S. pyogenes I )
S.gallolyticus I /5
S mitis I, 4,8
S. warneri I 5,0

S. epidermidis
S. aureus

Fig. 1. Microbial population levels isolated from maxillary sinuses in patients with acute bacterial rhinosinusitis
(log CFU/mL)

The highest microbial loads in maxillary sinuses were
observed for Gram-positive cocci of Staphylococcus
genus, particularly S. aureus clinical isolates (7.4+0.33
log CFU/mL). Other significant colonizers included
S. epidermidis (6.8+0.14 log CFU/mL), S. pyogenes
(5.240.0 log CFU/mL), H. influenzae (6.2+0.07 log CFU/
mL), and K. pneumoniae (6.1+0.29 log CFU/mL). The
lowest colonization levels were recorded for S. mitis
(4.84£0.11 log CFU/mL), S. gallolyticus (4.5+0.0 log CFU/
mL), and A. junii (4.8+0.0 log CFU/mL). Population levels
of each microbial association member helped determine
their etiological significance in ABRS development.

Microbial association analysis results are presented in
Table 2.

In 8 (21%) patients with ABRS, mixed infections devel-
oped, where microorganisms formed microbial associations
with varying qualitative and quantitative compositions in
the biotope. Two-component associations were detected
in samples from 6 (16%) patients, while three-component
associations were found in samples from 2 (5%) patients.
Our analysis revealed that bacterial associations consisted
of combinations of Gram-positive microorganisms, as
well as both Gram-positive and Gram-negative pathogens.
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Table 2
Qualitative characteristics of microbial associations
in maxillary sinuses of acute bacterial rhinosinusitis
patients

No Microorganisms forming Absolute .nu.mber
an association of associations
Associations consisting of two types
1. S. aureus + A. junii 1
2. S. epidermidis + Citrobacter 2
freundii
3. S. epidermidis + S. warneri 1
K. rizophilia + S. gallolyticus 1
5. H. influenzae + R. kristinae 1
Total 6
Associations consisting of three types
1. | S. aureus S. pyogenes, S. mitis 1
2. | S.aureus, M.catarrhalis, S. mitis 1
Total 2

Notably, the qualitative composition of these microbial
groups included opportunistic pathogens such as A. junii,
C. freundii, S. gallolyticus, and S. mitis. The formation
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of multi-component microbial consortia with opportunis-
tic microbiota represents a survival strategy for associated
microorganisms in symbiotic conditions. In our opinion,
the interaction mechanism among these microbial associ-
ates exhibits synergistic characteristics, indicating mutual
enhancement of pathogenicity among participants.

Thus, the microbiome of maxillary sinuses in ABRS
demonstrated diversity across different taxonomic groups.
Analysis of qualitative and quantitative composition of sinus
mucosal microbiota in ABRS patients revealed that 79% of
culture-positive samples were monomicrobial, while 21%
were polymicrobial. The most prevalent colonizing micro-
organisms were Staphylococcus spp., particularly S. aureus.
Our study also identified Gram-negative bacteria H. influen-
zae, K. pneumoniae, and M. catarrhalis as etiologically sig-
nificant. Furthermore, microbiological analysis confirmed
the role of commensal microorganisms (S. epidermidis,
S. warneri, K. rizophilia) in ABRS development. The patho-
genic potential of opportunistic bacteria is realized through
high infective doses penetrating the maxillary sinus environ-
ment and reduced mucosal immunity. The etiopathogenic
role of these pathogens is attributed to multiple virulence
factors that disrupt mucosal barrier function, evade host
immune responses, and trigger nonspecific inflammatory
reactions. Recent scientific literature increasingly reports on
the ability of opportunistic microorganisms to cause infec-
tious pathology [17; 18; 19; 20].

The first crucial step in the development of an infec-
tious process is the ability of microorganisms to adhere.
The results of studying the adhesive activity of the sinus
mucosal microbiome in ABRS are presented in Table 3.

Table 3
Characteristics of adhesive properties of clinical
microbial strains isolated from maxillary sinuses
of ABRS patients according to MAI (M+m) indicators

Microorganisms Microorganism Adhesion
Index (MAI)

S. aureus 9.63+0.29
S. epidermidis 9.89+0.28
S. warneri 7.50+0.39
S. mitis 4.09+0.12
S. gallolyticus 4.21+0.08
S. pyogenes 6.73+£0.27
K. rizophilia 4.14+0.13
R. kristinae 3.77£0.12
M. catarrhalis 4.52+0.16
C. freundii 3.83+0.06
K. pneumoniae 6.22+0.18

Our research results revealed that microorganisms with
the highest adhesive potential belong to the Staphylococcus
genus. For coagulase-positive clinical isolates of S. aureus,
the MAI was 9.63+0.29. Coagulase-negative staphylococci
S. epidermidis and S. warneri also demonstrated high adhesive

44

activity, with MAI values of 9.89+0.28 and 7.50+0.39,
respectively. Other highly adhesive microorganisms
included clinical isolates of: S. pyogenes (MAI 6.73+£0.27);
K. pneumoniae (MAI 6.22+0.18); K. rizophilia (MAI
4.14+0.13); M. catarrhalis (MAI 4.52+0.16). Moderate
adhesive activity was observed in: R. kristinae (MAI
3.77+0.12) and C. freundii (MAI 3.9+0.06).

In Gram-positive clinical strains, adhesins are
represented by surface proteins exhibiting hydrophobic
properties that facilitate staphylococcal attachment to host
cells. The presence of capsules, capsular-like polysaccharide
substances, and teichoic acids further promotes bacterial
adhesion to epithelium. Additionally, staphylococci and
streptococci produce IgA proteases that cleave IgA,
enhancing their adhesive effect. In Gram-negative bacteria,
adhesins may include outer membrane proteins, fimbrial,
and non-fimbrial compounds. The interaction between
microbial adhesins and epithelial cell receptors in the
maxillary sinuses is specific and irreversible, ensuring
biotope colonization. Thus, the adhesive properties of
pathogens and their high population levels constitute the
initial link in the pathogenesis of ABRS.

Our research findings demonstrate the growing
significance of opportunistic ~microbiota in the
etiopathogenesis of ABRS, driven by the pathogenic
potential of microorganisms and their high population
levels. We suggest that the involvement of opportunistic
pathogens in infectious-inflammatory processes may
also be linked to reduced immunological reactivity in the
population experiencing collective trauma due to Russia’s
full-scale invasion of Ukraine.

Conclusions

The following conclusions can be made:

1. The microbial landscape of the maxillary sinus
biotope in acute bacterial rhinosinusitis is represented by
the taxonomic types Firmicutes (54%), Actinobacteria
(9%), and Proteobacteria (37%), with Firmicutes being
the most dominant.

2. The primary etiological agents of acute bacterial
rhinosinusitis are S. aureus (26%), H. influenzae (13%),
M. catarrhalis (9%), and K. pneumoniae (9%).

3. Mixed infections were observed in 21% of cases
(8 patients), with two-component associations in 15%
(6 patients) and three-component associations in 5%
(2 patients).

4. Among clinical isolates colonizing the maxillary
sinus mucosa, 81% exhibited high and 19% moderate
adhesive activity. The strongest adhesive properties were
found in representatives of the genus Staphylococcus,
Streptococcus, Kocuria, and Moraxella.

5. Microbiological analysis confirmed the etiologic
significance of opportunistic microorganisms such
as Kocuria spp., Rothia spp., Acinetobacter spp., and
Citrobacter spp. in the development of acute bacterial
rhinosinusitis.
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