
e INTRODUCTION
Secondary bacterial infections play a crucial role in the 
morbidity and mortality of patients with COVID-19. One 
of the complications of coronavirus infection is the devel-
opment of acute respiratory failure, which requires arti-
ficial lung ventilation (ALV) using an endotracheal tube 
to correct hypoxaemia. Most microorganisms in natural 
and artificially designed environments exist as structured 
forms attached to biotic or abiotic surfaces, forming com-
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Abstract. One of the complications of COVID-19 is the development of acute respiratory failure, which may require artificial 
ventilation using an endotracheal tube to correct hypoxaemia. However, the establishment of biofilms during intubation of 
patients can pose a risk of microbial growth that can cause severe complications. Therefore, the research on the microbial 
composition of biofilms that causes such diseases becomes an urgent issue. The purpose of the research was to analyse 
and summarise the data from current studies on the role of microbial biofilms and their impact on the development 
of respiratory system complications in patients with COVID-19. After reviewing the literature, it was determined that 
Staphylococcus epidermidis, Enterococcus faecalis, Pseudomonas aeruginosa and Candida albicans accounted for the majority 
of biofilms isolated from endotracheal tubes in patients with COVID-19. The level of antimicrobial resistance among the 
isolated strains was almost 70%. The examination of samples from endotracheal tubes identified representatives of the 
lung microbiome, Prevotella spp. and some species of Streptococcus, Veillonella. However, in the research on the microbial 
composition of biofilms isolated from endotracheal tubes, pathogenic representatives dominated, such as Pseudomonas 
spp., Staphylococcus spp., Streptococcus spp., Stenotrophomonas spp., Enterobacterales, Haemophilus spp. and Actinomyces 
spp. Changes in the composition of the lung microbiome in patients with COVID-19 can lead to the development of severe 
complications accompanied by the establishment of biofilms. Microorganisms in biofilms can be a reservoir for secondary 
pulmonary infections, which affects the duration of mechanical ventilation and the admission of patients with COVID-19 
to intensive care units. The development and implementation of effective measures for the prevention and treatment of 
biofilm-related infections is an important task for modern medical practice
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plex microbial communities surrounded by an exopoly-
saccharide matrix called biofilms  [1]. The establishment 
of biofilms during the intubation of patients poses a risk 
of the growth of microorganisms that can cause pneumo-
nia and other complications of the respiratory system. 
Such undesirable consequences can affect the treatment 
of patients and prolong their hospital stay. Despite on-
going research in this area, the impact of biofilms on the 
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the composition of the lung microbiome and isolates iso-
lated from endotracheal tubes. The main complications 
of the respiratory system in patients with COVID-19 and 
their connection with the development of biofilms were 
explored. The issues of treatment and prevention of com-
plications in patients with COVID-19 associated with the 
development of biofilms are considered.

e FEATURES OF THE MICROBIAL 
COMPOSITION OF BIOFILMS ISOLATED 
FROM PATIENTS WITH COVID-19
The composition of the lung microbiome can vary signifi-
cantly depending on the influence of many factors. Among 
the representatives of normal biocinosis are microorgan-
isms of the genus Prevotella, Streptococcus, and Veillonella. 
In addition, pathogenic representatives, such as Haemophi-
lus spp., Neisseria spp. and Pseudomonas spp. can be isolat-
ed from the respiratory tract, but they account for a smaller 
proportion of the microbiome [14, 15].

S.  Alhumaid et al.  [16] found that against the back-
ground of COVID-19, the lung microbiome is usually dis-
turbed and is characterised by an increase in commensals 
such as Prevotella spp. Thus, when examining samples 
from endotracheal tubes, representatives of the lung mi-
crobiome, Prevotella spp. and some species of Streptococ-
cus, Veillonella were identified. However, in the examina-
tion of the microbial composition of biofilms isolated from 
endotracheal tubes, pathogenic representatives, such as 
Pseudomonas spp., Staphylococcus spp., Streptococcus spp., 
Stenotrophomonas spp., Enterobacterales, Haemophilus spp. 
and Actinomyces spp. dominated [17, 18].

Notably, out-of-hospital bacterial infections associat-
ed with COVID-19 are quite rare, while hospital-acquired 
infections are more common and account for about 47% 
of cases [19]. Research conducted by G. Giacomo et al. [20] 
demonstrated that the percentage of clinically significant 
bacterial infections in hospitalised patients ranged from 
4 to 14%, with these diseases often being recorded in pa-
tients in intensive care units. In COVID-19 infection, hos-
pital-acquired pathogens such as Mycoplasma pneumoniae, 
Pseudomonas aeruginosa and Haemophilus influenzae are 
spreading. In addition, other pathogens have been identi-
fied, including Enterobacter cloacae, Acinetobacter bauman-
nii and Klebsiella pneumoniae [21].

The literature review identified that isolated microor-
ganisms from biofilms established on endotracheal tubes 
included both commensal and pathogenic agents. Staph-
ylococcus epidermidis, Enterococcus faecalis, Pseudomonas 
aeruginosa and Candida albicans accounted for the majority 
of biofilms. Pathogens such as Paracoccus yeei were unusu-
al, but they were detected in several patients. In addition, 
the isolated strains were tested for antibiotic susceptibility 
using the disc diffusion method. Thus, the level of antimi-
crobial resistance among the isolated strains was almost 
70%. Among the tested strains were isolates with resist-
ance to meropenem and gentamicin. In addition, differ-
ences in antibiotic susceptibility between various isolates 
of the same species isolated from the same endotracheal 
biofilm have been reported [22].

Studies have demonstrated a significant role of Acine-
tobacter baumannii in the development of ventilator-asso-
ciated pneumonia in patients with COVID-19 undergoing 

mortality rate of patients with coronavirus infection re-
mains unexplored.

Lung damage in COVID-19 and impaired immune re-
sponse can promote the growth and persistence of micro-
organisms in hospitalised patients and increase the risk 
of biofilm development. Studies by F.M. Carvalho et al [2] 
demonstrate that secondary bacterial pneumonia is a po-
tential risk factor for severity and complications in patients 
with COVID-19. L. Meng et al. [3] and F. Zhou et al. [4] be-
lieve that mechanical ventilation is necessary to treat pa-
tients with acute respiratory symptoms and hypoxia, can 
increase the risk of pneumonia and promote the establish-
ment of biofilms. Changes in oxygen levels, alveolar ven-
tilation, and the density of affected cells affect microbial 
growth conditions in the lungs.

According to a study by T.M. Rawson et al. [5], the over-
use of broad-spectrum antibiotics creates an ideal envi-
ronment for opportunistic bacterial colonisation, second-
ary bacterial infections and increased levels of multidrug 
resistance, which leads to microflora disruption, the spread 
of resistant strains among COVID-19 patients and contrib-
utes to the ability of pathogens to form biofilms. Studies 
demonstrate that bacteria spend most of their life cycle in 
the biofilm matrix. J. Yan & B.L. Bassler [6] found that the 
planktonic stage can only be considered as a way of moving 
a microbial cell from one surface to another, a short-term 
state in the life of bacteria that are free in the environment. 
Microorganisms in biofilms increase their resistance to dis-
infectants, antibacterial drugs, bacteriophages, antibodies 
and phagocytes by 50-500 times [7, 8].

The extracellular matrix accounts for 85% of the biofilm 
mass, consisting of exopolysaccharides, proteins and nucle-
ic acids. It is synthesised by the extracellular components 
of attached microorganisms and has important functions in 
the biofilm’s life. The extracellular matrix is a powerful bio-
logical glue that allows the biofilm to be firmly fixed to any 
surface [9, 10]. The synthesis of virulence factors and the 
development of biofilms occurs only when there is a suffi-
cient population density (Quorum sensing (QS)) [11]. QS is 
implemented by several means of perception and transmis-
sion of information: physical contact between cells; gener-
ation of physical fields; and synthesis of chemicals diffus-
ing into the environment, which are called autoinducers. 
The concentration of extracellular autoinducers correlates 
with the density of cells in the population, and when cer-
tain thresholds are reached, autoinducers enter the cell in-
terior or activate receptors on their surface, which leads to 
changes in the expression of various genes [12, 13]. Thus, 
bacteria can “sense” the density of the cell population, 
and this mechanism allows bacteria to function as a mul-
ticellular organism. Studies have demonstrated that the 
establishment of biofilms in coronavirus infection can af-
fect the development of respiratory system complications 
and determine the severity and outcome of the disease.

The purpose of the research was to explore the micro-
bial composition of biofilms and their role in the develop-
ment of respiratory system complications in patients with 
COVID-19. The research reviewed modern works of scien-
tists from different countries, including scientific research-
es, clinical data, using Internet resources, publications of 
professional journals, and the Medscape/PubMed medical 
database. A comparative analysis was conducted between 
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mechanical ventilation. The pathogen is characterised by 
a significant level of resistance to many clinically relevant 
antibiotics, including meropenem, imipenem, gentamicin, 
tobramycin and levofloxacin. Antibiotic resistance has in-
creased through using empirical broad-spectrum antibiot-
ic therapy to treat COVID-19 bacterial superinfections. In 
addition, these pathogens have been identified as having a 
high ability to form biofilms [23].

The development of tracheobronchitis in patients with 
COVID-19 on mechanical ventilation is not uncommon, 
with an incidence of almost 15%. Microbiological studies 
have demonstrated that potentially resistant gram-nega-
tive bacteria such as P. aeruginosa and carbapenem-resist-
ant strains of Klebsiella pneumoniae are isolated from the 
pathological material of such patients [24]. Other entero-
bacteria are isolated: Alcaligenes xylosoxidans, Acinetobac-
ter spp. and Stenotrophomonas. Depending on the type and 
virulence of the bacteria and their interaction with the im-
mune system, colonisation and biofilm development sub-
sequently occur.

Thus, normal biocinosis of the respiratory system plays 
an important role in maintaining homeostasis. Changes in 
the microbiome and the development of biofilms during 
using endotracheal tubes during coronavirus infection can 
affect the course of the disease and lead to the develop-
ment of severe complications.

e MAIN COMPLICATIONS OF THE 
RESPIRATORY SYSTEM IN PATIENTS  
WITH COVID-19
Both innate and acquired immunity are involved in the re-
sponse to the infectious process. The development of com-
plications in coronavirus infection is associated with sig-
nificant dysfunction of the immune system. I.  Sulaiman et 
al. [25] established that patients with COVID-19 had a de-
crease in the number of CD4+ and CD8+ T lymphocytes, 
an increase in neutrophils, and a decrease in the concen-
tration of gamma interferon in the serum. Further studies 
confirmed these findings and identified the presence of 
such processes as a cytokine storm, characterised by an 
excess of proinflammatory molecules, inhibition of natural 
killer cells and cytotoxic lymphocytes, and morphological 
and phenotypic changes in monocytes [26]. Such immune 
response disorders can contribute to increased adhesion, 
growth, and spread of bacteria that can form biofilms. In 
addition, bacterial infection leads to an increased proba-
bility of virus survival and replication, and tissue damage 
promotes the further spread of pathogens, which increases 
the risk of bloodstream infections. Thus, the presence of 
secondary infection in COVID-19 leads to further compli-
cations, including the development of septic shock.

Acute respiratory distress syndrome (ARDS), which 
often develops in patients with COVID-19, is a life-threat-
ening form of respiratory failure. According to statistics, 
ARDS develops in about 1/3 (33%) of hospitalised pa-
tients and almost 3/4 (75%) of patients in intensive care 
units  [27]. The known mechanisms of ARDS are associat-
ed with the development of severe pulmonary infiltration, 
oedema and inflammation, which leads to a violation of 
alveolar homeostasis, changes in lung physiology, pulmo-
nary fibrosis, endothelial inflammation and thrombosis. 
ARDS can occur both as a result of direct exposure to the 

virus and due to the action of substances synthesised by 
host cells. Activated cells of the immune system secrete 
specific enzymes and pro-inflammatory cytokines, in-
cluding interleukin-6 (IL-6) and tumour necrosis factor-α 
(TNF-α), which leads to the induction of a cytokine storm. 
Patients with ARDS require ALV and have a high mortality 
rate due to shock, septicaemia and multiple organ dysfunc-
tion syndrome. Invasive ventilation in patients with ARDS 
can directly lead to lung damage, and prolonged use of me-
chanical ventilation causes the development of biofilms by 
microorganisms, which significantly worsens the prognosis 
for recovery [27].

The most common bacterial complication of COV-
ID-19 is ventilator-associated lower respiratory tract infec-
tion, which includes ventilator-associated pneumonia and 
ventilator-associated tracheobronchitis. The mechanism 
underlying bacterial secondary infection in viral pneumo-
nia is damage to ciliated cells, which leads to impaired mu-
cociliary clearance and increased bacterial adhesion and 
colonisation of the airways [28].

During complications of coronavirus infection, me-
chanical ventilation using an endotracheal tube can support 
pulmonary gas exchange disorders in critically ill patients. 
The development of biofilms inside the endotracheal tube 
and their subsequent movement to the distal airways dur-
ing mechanical ventilation cycles is considered a possible 
pathogenic pathway for the development of ventilator-as-
sociated pneumonia. Previous studies have demonstrated 
that biofilm formation on endotracheal tubes affects the in-
cidence of bacterial infections in intubated patients and is 
a factor in the development of ventilator-associated pneu-
monia, which occurs in 20-40% of cases [29]. T. Sakano et 
al. [30] established that a biofilm can be established on the 
surface of the tube within 24 hours after intubation and 
can be a reservoir for microorganisms that subsequently 
cause infection in the lungs. In addition, biofilm cells are 
inherently more resistant to antibiotics for a variety of rea-
sons, including the lower metabolic rate of bacteria in the 
biofilm and poor penetration of antimicrobial drugs. The 
hypothesis that biofilms on endotracheal tubes play a role 
in the development of ventilator-associated pneumonia is 
supported by the fact that in many cases the same bacteria 
are identified in tube biofilms and other airway specimens 
[31]. Such pathogenetic features can complicate the treat-
ment of biofilm-related infections.

Ventilator-associated tracheobronchitis is a frequent 
and clinically significant infectious complication in pa-
tients on mechanical ventilation for more than 48 hours, 
with a frequency similar to ventilator-associated pneumo-
nia. Studies conducted by D. Koulenti et al. [32] demonstrat-
ed that tracheobronchitis can be considered as an interme-
diate process leading to ventilator-associated pneumonia. 
In addition, ventilator-associated tracheobronchitis has 
a limited impact on overall mortality but demonstrates a 
significant association with increased patient costs, length 
of hospital stay, antibiotic use, and duration of mechanical 
ventilation.

Thus, patients affected by the coronavirus can devel-
op various complications, the most common of which are 
pneumonia and ARDS. One of the important factors lead-
ing to such complications is using endotracheal tubes and 
the development of biofilms, which worsen the patient’s 
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condition and increase mortality. The impact on microbi-
al biofilms and the treatment of associated infections is a 
complex and unresolved problem.

e STRATEGIES FOR THE TREATMENT  
AND PREVENTION OF MICROBIAL BIOFILM 
FORMATION IN PATIENTS WITH COVID-19
Since antibiotic therapy is ineffective in the treatment of 
biofilm infections, maximum efforts should be devoted to 
preventing the formation of biofilms. The main measures 
are designed to prevent the adhesion of microorganisms 
when using endotracheal tubes in patients with severe 
coronavirus infection. For this purpose, modified endotra-
cheal tubes coated with antimicrobial compounds can be 
used, which has a high clinical effect. Using antimicrobi-
al-coated endotracheal intubation tubes for prolonged 
mechanical ventilation allows delaying contamination of 
the respiratory tract tissues with microflora and reduces 
the microbial load on the lung parenchyma. Animal stud-
ies have demonstrated that endotracheal tubes coated with 
silver ions lead to reduced adhesion of P. aeruginosa and a 
lower prevalence of ventilator-associated pneumonia com-
pared to uncoated tubes [33]. Other modifications are used, 
including silicone or noble metal coating. Such modified 
endotracheal tubes can be used in combination with devic-
es for drainage of bronchial secretions, which prevents the 
development of respiratory system complications.

In addition, it is necessary to constantly monitor en-
dotracheal aspirate in patients with COVID-19 on me-
chanical ventilation. Such monitoring allows identifying 
pathogens that colonise the lower respiratory tract and de-
termining their quantitative content. M.L. Blasco et al. [34] 
note that timely detection of pathogens will allow for early 
targeted antibiotic therapy and prevent the development of 
ventilator-associated pneumonia.

Prevention of biofilm development in patients with 
COVID-19 on mechanical ventilation consists of meas-
ures designed to reduce mucus viscosity and activate its 
evacuation. Mucus viscosity can be reduced with mucol-
ytic agents. Special attention should be devoted to using 
N-acetylcysteine, which can prevent the establishment and 
destruction of bacterial biofilms, which is becoming espe-
cially important in the era of antibiotic resistance. There is 
a growing body of evidence confirming the antimicrobial 
and antibiofilm activity of N-acetylcysteine against many 
respiratory pathogens, including pathogens of the follow-
ing genera and species: Escherichia, Pseudomonas, Staph-
ylococcus, Acinetobacter, Haemophilus influenze, Strepto-
coccus pneumoniae, Moraxella catarrhalis and Klebsiella. 
F.L. Poe & J. Corn [35] proved that this mucolytic inhibits 
the establishment of biofilms by bacteria and fungi, and 
destroys mature biofilms. The destruction of the biofilm 
matrix facilitates the penetration of antibacterial drugs 
into the deeper layers of biofilms and significantly increas-
es the effectiveness of treatment of bacterial infections.

Clear criteria for prescribing antimicrobial therapy 
should be followed to prevent the development of antibi-
otic resistance. Antibiotic therapy in patients with a diag-
nosed coronavirus infection is justified if there are con-
vincing signs of bacterial infection. These signs include: a 
change from a dry cough to a productive cough (especially 
with purulent sputum) in a patient with confirmed SARS-

CoV-2 infection, a significant increase in blood procal-
citonin levels, an increase in white blood cell count > 10-
12-109/L and/or a stain shift > 10%, signs of consolidation 
(alveolar infiltration) of the lung parenchyma according to 
computed tomography [36].

In addition, inappropriate treatment with broad-spec-
trum antibiotics may increase the level of mycobacteri-
al resistance and mortality of patients with COVID-19. 
C.  Rhee  et al.  [37] believe that early antibiotic treatment 
should be avoided in more than 75% of cases if the aetiolo-
gy of superinfection is not proven using standard microbi-
ological diagnostic methods.

Recently, using monoclonal antibodies that can affect 
the proteins of the SARS-CoV-2 spike-like envelope pro-
teins has become widely used to prevent and treat com-
plications in patients with COVID-19. Their mechanism of 
action is to block the attachment of the virus to the cell 
membrane, which prevents SARS-CoV-2 from entering 
human cells, neutralises the virus’s effect and helps pre-
vent the development of the disease, reducing the nature 
and duration of its clinical manifestations. M.P. O’Brien et 
al. [38] found that using a combination of drugs containing 
monoclonal antibodies in outpatients with coronavirus re-
duces the incidence of hospitalisation or death by 70% due 
to a rapid reduction in viral load. Such measures to prevent 
complications can help reduce the frequency of ventilator 
use and reduce the risk of biofilm development.

An important task of modern medicine is to develop 
new approaches to the identification and research of bio-
films, including the immune response to these infections, 
changing the tactics of antibiotics, and searching for and 
introducing new antimicrobial agents. Scientists from 
different countries are researching the design of preven-
tive measures and treatment of infections associated with 
the development of biofilms, but no general recommen-
dations have been established, which requires further re-
search on this issue.

e CONCLUSIONS
The literature review demonstrated that patients with 
COVID-19 may develop severe respiratory complications 
associated with the development of biofilms. The composi-
tion of biofilms is diverse and contains many microorgan-
isms that are clinically important and highly resistant to 
antibiotics. Among the microorganisms that are part of bi-
ofilms, the most common are representatives of the genera 
Pseudomonas spp., Staphylococcus spp., Streptococcus spp., 
Stenotrophomonas spp., Enterobacterales, Haemophilus spp. 
and Actinomyces spp. These pathogens can cause severe 
complications associated with the development of venti-
lator-associated pneumonia, ventilator-associated trache-
obronchitis, ARDS and septic shock. The main measures for 
the treatment and prevention of complications associated 
with biofilm formation in patients with COVID-19 should 
include the prevention of microbial adhesion and the prin-
ciples of rational antibiotic therapy.

The correlation between the microbial composition 
of biofilms isolated from patients with respiratory system 
complications and clinical outcomes remains unexplored. 
However, microorganisms in biofilms can probably be a 
reservoir for secondary pulmonary infections. These pro-
cesses can affect the duration of mechanical ventilation 
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and the admission of patients with COVID-19 to intensive 
care units. The prospect of this research is to establish the 
impact of the microbial composition of biofilms on the de-
velopment of complications, which will reduce the number 
of bed days spent in hospital and the cost of treatment.
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Роль мікробних біоплівок при розвитоку ускладнень  
дихальної системи у пацієнтів з СOVID-19: огляд літератури
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Анотація. Одним із ускладнень СOVID-19 є розвиток гострої дихальної недостатності, що може потребувати 
штучної вентиляції легень із використанням ендотрахіальної трубки для корекції стану гіпоксемії. Однак 
утворення біоплівок в процесі інтубації хворих може стати ризиком розмноження мікроорганізмів, здатних 
викликати важкі ускладнення. Тому, актуальним питанням стає дослідження мікробного складу біоплівок, який 
викликає такі захворювання. Мета дослідження полягала в аналізі та узагальненні даних сучасних досліджень, 
які стосуються вивчення ролі мікробних біоплівок та їх впливу на розвиток ускладнень дихальної системи у 
пацієнтів з СOVID-19. Після проведеного аналізу літератури встановлено, що в структурі біоплівок, виділених з 
ендотрахеальних трубок у пацієнтів із COVID-19 більшу частку складали Staphylococcus epidermidis, Enterococcus 
faecalis, Pseudomonas aeruginosa і Candida albicans. При цьому рівень резистентності до антимікробних препаратів 
серед виділених штамів складав майже 70 %. При дослідженні зразків з ендотрахеальних трубок були виявлені 
представники мікробіому легень, Prevotella spp., деякі види Streptococcus, Veillonella. Однак при дослідженні 
мікробного складу біоплівок, виділених з ендотрахеальних трубок, домінували саме патогенні представники, такі 
як, Pseudomonas spp., Staphylococcus spp., Streptococcus spp., Stenotrophomonas spp., Enterobacterales, Haemophilus spp. 
та Actinomyces spp. Зміни складу мікробіому легень у хворих з СOVID-19 можуть призводити до розвитку важких 
ускладнень, які супроводжуються утворенням біоплівок. Мікроорганізми у біоплівках можуть бути резервуаром 
для вторинних легеневих інфекцій, що впливає на тривалість використання штучної вентиляції легень та 
прибування пацієнтів з COVID-19 у відділеннях інтенсивної терапії. Розробка та впровадження ефективних 
заходів для профілактики та лікування інфекцій, пов’язаних з утворенням біоплівок є важливим завданням для 
сучасної медичної практики
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