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INTRODUCTION
The pandemic of coronavirus disease 2019 (COVID-19) 
caused by the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) is one of the global health concerns 
all over the world in the 21st century [1].

The clinical spectrum of COVID-19 ranges from asymp-
tomatic infection to severe respiratory illness and multi-
organ failure. Moreover, extrapulmonary manifestations 
may also occur [2, 3]. Patients who recovered from SARS-
CoV-2 can be diagnosed with post-COVID-19 syndrome 
lasting for weeks or months [4]. The latter is one of those 
challenges which became increasingly common as the pan-
demic evolved, including pulmonary, cardiovascular, he-

matologic, renal, central nervous system, gastrointestinal, 
psychosocial, otorhinolaryngological manifestations [2, 5].

One of the otorhinolaryngological manifestations of the 
post-COVID-19 syndrome is rhinosinusitis [6]. The latter 
is known to be caused by various factors of exogenous and 
endogenous origin [7], but in patients in post-COVID-19 
period, based on literature data, it is caused by fungi [8, 
9]. The incidence of fungal rhinosinusitis is markedly 
more prominent in post-COVID19 patients than in non-
COVID-19 [9]. Also, fungal rhinosinusitis was found in pa-
tients during COVID-19 infection (COVID-19 associated 
fungal rhinosinusitis) [10, 11]. The most common fungal 
infections of the nose and paranasal sinuses in patients in 
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ABSTRACT
The aim is to identify the etiology, clinical and morphological features of rhinosinusitis in patients in post-COVID-19 period.
Materials and methods: In the present study, it was carried out the analysis of 11 cases of rhinosinusitis, which developed after COVID-19 infection. The diagnosis of rhi-
nosinusitis was established on the basis of anamnesis, clinical and laboratory examination, specialized instrumental examination (rhinoendoscopy, X-ray, magnetic resonance 
imaging, spiral and 3D computed tomography). All patients underwent endoscopic sanitation of the nasal cavity, expansion of the maxillary anastomosis, maxillary sinusotomy, 
sanitation of the maxillary sinuses and removal of pathologically altered tissues. Microbiological examination of the swab from the nasal cavity was carried out in all patients. 
Histological and morphometric research methods were used during the morphological study of surgical material. The nonparametric Mann-Whitney U test was used to compare 
the means in the groups.
Results: The conducted comprehensive study made it possible to identify chronic atrophic rhinosinusitis at the stage of exacerbation caused by associations of bacteria and 
fungi in patients in post-COVID-19 period. Among bacteria, the authors most often noted Staphylococcus aureus, Staphylococcus epidermidis, Klebsiella pneumonia, Streptococcus 
pneumonia and Enterococcus faecalis. Among fungi, there were Aspergillus, Candida, Mucor and Coccidioides. Fungal infection was characterized by invasion into the mucous 
membrane of the nose and paranasal sinuses. In patients in post-COVID-19 period the invasive bacterial-fungal chronic atrophic rhinosinusitis at the stage of exacerbation was 
predominantly bilateral, characterized by the involvement of several or all paranasal sinuses in the process. Patients with such pathology complained of periodic fever, headaches 
and malaise; nasal congestion and constant difficulty in nasal breathing; yellowish-greenish-reddish discharge from the nasal cavity, sometimes with a fetid odor; discomfort 
and pain in the area of paranasal sinuses; immobility of the eyeball, hyposmia or anosmia; reduction or complete loss of vision. Frequent risk factors for the development of 
invasive bacterial-fungal chronic atrophic rhinosinusitis at the stage of exacerbation in patients in post-COVID-19 period were the information about moderate or severe course 
of this infection in anamnesis; comorbidities (predominantly diabetes mellitus, hypertensive disease and ischemic heart disease).
Conclusions: The study conducted by the authors made it possible to identify the etiological, clinical and morphological features, as well as risk factors of rhinosinusitis in 
patients in post-COVID-19 period. This information will contribute to a better understanding of such pathology by the doctors and improve the diagnostic and treatment process.
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post-COVID-19 period are aspergillosis, mucormycosis 
and candidiasis [12]. In this category of patients, coccidi-
oidomycosis is very rarely diagnosed [13, 14].

In literature today, we still lack published statistical data 
about rhinosinusitis in patients in post-COVID-19 period 
[15]. The etiopathogenesis of such pathology is not well 
studied. The effectiveness of rhinosinusitis treatment in 
patients is determined by timely diagnosis and early im-
plementation of etiopathogenetic therapy. Morphological 
examination of biopsy or surgical material is of great im-
portance in the diagnosis of this pathology.

THE AIM
The purpose is to identify the etiology, clinical and mor-
phological features of rhinosinusitis in patients in post-
COVID-19 period.

MATERIALS AND METHODS
The present study analyzed 11 cases of rhinosinusitis, de-
veloped after COVID-19 infection. Among all cases, there 
were 7 men and 4 women. The patients with COVID-19 
infection were treated in the intensive care unit, those with 
rhinosinusitis in post-COVID-19 period – in the otorhi-
nolaryngology department of hospitals in Kharkiv region 
(Ukraine) from 2019 to 2022.

The authors conducted the study in accordance with 
the guidelines of the Declaration of Helsinki. The Ethics 
and Bioethics Commission of Kharkiv National Medical 
University approved the study.

The diagnosis of rhinosinusitis was established on the 
basis of anamnesis, clinical and laboratory examination, 
specialized instrumental examination (rhinoendoscopy, 
X-ray, magnetic resonance imaging, spiral and 3D com-
puted tomography). All patients underwent endoscopic 
sanitation of the nasal cavity, expansion of the maxillary 
anastomosis, maxillary sinusotomy, sanitation of the max-
illary sinuses and removal of pathologically altered tissues.

The swab from the nasal cavity was microbiologically 
examined in all patients. Special and elective culture envi-
ronment was used for bacteria and fungi growing.

Morphological examination was carried out in Pathology 
Department of Municipal Nonprofit Organization of the 
Kharkiv District Council «Regional Clinical Hospital» 
(Ukraine), Alpern Department of General and Clinical 
Pathological Physiology of Kharkiv National Medical 
University (Ukraine). Two groups were formed. Group 
1 (comparison group) included fragments of a visually 
unchanged mucous membrane of the nose and maxillary 
sinuses, taken during autopsies of 10 deceased. The cause 
of death of the latter was chronic heart failure. Group 2 
included surgical material from the above 11 patients. The 
average age of the deceased (group 1) was 55.6±4.8 years 
and did not differ (p>0.05) from the average age of the 
patients of group 2 (54.9±5.1 years).

Biological material was fixed in 10% solution of neutral 
buffered formalin, carried out according to the generally 

accepted method and embedded in paraffin. Serial sec-
tions of 3-4  μm thick were made from paraffin blocks. 
Microspecimens stained with hematoxylin and eosin were 
studied, using an Olympus BX-41 microscope (Japan) with 
subsequent processing with the Olympus DP-soft version 
3.1 software, which was used to conduct a morphometric 
study. By morphometry, in the mucous membrane of the 
nose and sinuses the specific volumes (%) of parenchyma 
(glandular structures) and stroma (connective tissue fibers, 
blood vessels and nerve fibers) were determined; the abso-
lute number of lymphocytes, macrophages, plasma cells, 
mast cells, eosinophilic leukocytes, neutrophilic leukocytes 
was counted at × 100 magnification.

The nonparametric Mann-Whitney U test was used to 
compare the means in the groups. Differences were consid-
ered significant at p<0.05. We used Microsoft Excel in all 
calculations. Statistical analysis was performed using IBM 
SPSS software Statistics 28 (license No. Z125-3301-14).

RESULTS
In patients with rhinosinusitis it was detected in anam-
nesis in 5 cases (45.5%) a moderate course of COVID-19 
infection and in 6 cases (54.5%) – severe course. The mean 
number of days during which rhinosinusitis developed 
after COVID-19 infection was 41.2±4.63.

In all analyzed cases, patients had comorbidities (Table I). 
Diabetes mellitus, hypertensive disease and ischemic heart 
disease were the most frequently identified comorbidities.

At the time of admission to the hospital, patients with 
rhinosinusitis complained of periodic fever, headaches and 
malaise (11 cases, 100%); nasal congestion and persistent 
obstructed nasal breathing (11 cases, 100%); yellowish-green-
ish-reddish discharge from the nose (11 cases, 100%), some-
times with a fetid odor (5 cases, 45.5%); discomfort and pain 
in the projection area of the paranasal sinuses (11 cases, 
100%); immobility of the eyeball, hyposmia (8 cases, 72.7%) 
or anosmia (3 cases, 27.3%); decreased vision (9 cases, 81.8%) 
or complete vision loss (2 cases, 18.2%).

In 9 cases (81.8%) rhinosinusitis was bilateral, and in 2 cases 
(18.2%) – unilateral. In 7 cases (63.6%), the inflammatory 
process spread to all paranasal sinuses, and in 4 cases (36.4%) 
we identified maxillary and ethmoid sinuses inflammation.

Table II shows the results of the microbiological examina-
tion of the swab from the nasal cavity. The most common 
bacteria and their associations were Staphylococcus aureus, 
Staphylococcus еpidermidis, Klebsiella pneumonia, Streptococ-
cus pneumonia and Enterococcus faecalis. Among the fungi, 
only yeast-like fungi of the genus Candida were identified.

Morphological examination of surgical material in all 
cases of group 2 revealed necrotically changed tissues 
of unknown histogenesis with or without focal mild cell 
infiltration (Fig.  1). The latter was characterized by the 
presence of lymphocytes, macrophages, plasma cells, mast 
cells, neutrophilic and eosinophilic leukocytes.

Microscopic examination in group 2 revealed particles 
of mucous membrane of the nose and paranasal sinuses, 
covered by mainly atrophied stratified ciliated epithelium 
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in certain fields of view. Areas of metaplastic transitional 
epithelium were also determined in the epithelial layer in 
single fields of view (Fig. 2).

Group 2 revealed moderate or pronounced necrotic and 
hemodynamic changes, as well as diffuse polymorphic 
cellular infiltration in thickness of the mucous membrane 
of the nose and paranasal sinuses (Fig. 2). In this infiltra-
tion, we determined an increase (p<0.05) in the absolute 
number of lymphocytes, macrophages, plasma cells, mast 
cells and the appearance of neutrophilic and eosinophilic 
leukocytes, as compared with group 1 (Table III).

Morphometric study of the mucous membrane of the 
nose and paranasal sinuses showed a decrease (p<0.05) 
in the specific volume of parenchyma due to glandular 
atrophy and an increase (p<0.05) in the specific volume of 
stroma due to sclerosis in group 2 compared with group 
1 (Table III). Thus, in all studied cases, morphological 
examination revealed chronic atrophic rhinosinusitis at 
the stage of exacerbation.

In 5 cases, microscopic examination revealed small frag-
ments of bone tissue with pronounced necrotic changes 

and the presence of cellular infiltration. The latter was 
characterized by lymphocytes, macrophages, plasma cells, 
mast cells, neutrophilic and eosinophilic leukocytes. These 
changes indicated the development of chronic osteomyelitis 
at the stage of exacerbation.

In all cases, microscopy of surgical material clarified the 
genesis of rhinosinusitis, as various fungi (Fig. 3-5) were 
identified among structureless necrotic tissues (Table III). 
Among the fungi and their associations, we found fungi 
of the genus Candida, Aspergillus, Mucor and Coccidioides. 
In all 11 cases various fungi were found not only among 
necrotic tissues, but also in thickness of the mucous mem-
brane of the nose and paranasal sinuses, which indicated 
the fungal invasion (Fig. 6).

Thus, the conducted microbiological and morphological 
studies determined that rhinosinusitis in patients in post-
COVID-19 period was of bacterial-fungal origin. In these 
patients, microbiological examination of the swab from 
the nasal cavity revealed only fungi of the genus Candida, 
while morphological examination of the surgical material 
identified fungi of the genus Aspergillus, Candida, Mucor 

Table I. Characteristics of comorbidities

Comorbidities name Cases number
absolute / relative (%)

Diabetes mellitus 8/72.7%

Hypertensive disease 6/54.5%

Ischemic heart disease 6/54.5%

Obesity 4/36.4%

Bronchial asthma 3/27.3%

Chronic glomerulonephritis/pyelonephritis 2/18.2%

Autoimmune thyroiditis 2/18.2%

Chronic hepatitis 1/9.1%

Table II. Results of microbiological and morphological examination

Infectious 
agent

Case number Total cases number 
absolute/relative (%)1 2 3 4 5 6 7 8 9 10 11

Microbiological examination

Staphylococcus aureus + + + + + + + + + + + 11/100%

Staphylococcus еpidermidis + + + + + + + + + + + 11/100%

Klebsiella pneumoniae + + + + + + + + + + 10/90.9%

Streptococcus pneumonia + + + + + + + + + 9/81.8%

Enterococcus faecalis + + + + + + 6/54.5%

Proteus vulgаris + + + + 4/36.4%

Pseudomonas aerugenosa + + + 3/27.3%

Fungi of the genus Candida + + + + + + + + 8/72.7%

Morphological examination

Fungi of the genus Candida + + + + + + + + 8/72.7%

Fungi of the genus Aspergillus + + + + + + + + 8/72.7%

Fungi of the genus Coccidioides + + + + + 5/45.5%

Fungi of the genus Mucor + + + + + 5/45.5%
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Fig. 1. Necrotically changed tissues with focal cell infiltration. Stained with 
hematoxylin and eosin, × 200.

Fig. 3. Elements (spherules and endospores) of fungi of the genus Coccid-
ioides. Stained with hematoxylin and eosin, × 400.

Fig.  5. Mycelium of the fungi of the genus Aspergillus. Stained with 
hematoxylin and eosin, × 1000.

Fig. 2. Atrophied stratified ciliated epithelium or metaplastic transitional 
epithelium covers the surface of the nasal mucosa. Pronounced necrotic 
and hemodynamic changes, diffuse polymorphic cell infiltration in the 
mucous membrane thickness. Stained with hematoxylin and eosin, × 100.

Fig. 4. Necrotically changed tissues with cell infiltration and chaotically 
arranged threads of the fungi of the genus Mucor. Stained with hematoxylin 
and eosin, × 400.

Fig. 6. Invasion of fungi threads of the genus Mucor into the thickness of the 
mucous membrane of the nose. Stained with hematoxylin and eosin, × 400.
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and Coccidioides. This fact indicates that morphological 
study, compared with a microbiological study, is the most 
reliable method for detecting fungal infection.

The complex treatment in 7 cases (63.6%) was effective 
and led to recovery of the patients. In 4 cases (36.4%), there 
was an unfavorable outcome – death, caused by intoxica-
tion or multiple organ failure.

DISCUSSION
The nasal cavity and paranasal sinuses form a single system 
of air cavities, which provides conditioning of inhaled 

air (its purification, neutralization, thermoregulation 
and humidification). The mucous membrane of the nose 
and paranasal sinuses plays a key role in these functions 
[16]. The nasal mucous membrane passes into the sinus 
lumen in a continuous manner without a distinctive bor-
der, that’s why paranasal sinuses are often involved in the 
inflammatory process in rhinitis with the rhinosinusitis 
development [17].

Normal microflora of the nasal cavity and paranasal 
sinuses are characterized by the presence of lactobacilli, 
coagulase-negative staphylococci, actinobacteria and anaer-
obes (Staphylococcus aureus). Literature data on a viral and 

Table III. Morphometric study results
Indicator name Group 1 Group 2

Absolute number of lymphocytes 50.9±3.7 767.4±43.5 *

Absolute number of macrophages 34.1±2.1 841.5±24.5 *

Absolute number of plasma cells 56.1±3,1 873.2±28,9 *

Absolute number of mast cells 20.2±1.9 686.5±41,2 *

Absolute number of eosinophilic leukocytes ˗ 107.3±5.2

Absolute number of neutrophilic leukocytes ˗ 168.9±12.9

Specific volume of parenchyma (%) 39.8±2.5 15.6±1.2 *

Specific volume of stroma (%) 60.2±2.5 84.4±1.2 *

Notes: * – statistically significant differences (p<0.05) between group 1 and group 2.

Fig. 7. Risk factors of the development of bacterial-fungal chronic atrophic rhinosinusitis in patients in post-COVID-19 period.
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fungal component of the normal microbiome are extremely 
contradictory. This microflora is a stimulating factor of the 
immune system, which leads to its prolonged antigenic 
irritation and antibodies production in low titers [18].

Microbiological study of the swab from the nasal cavity, 
as well as a morphological study of the surgical material, 
made it possible to identify the associations of bacteria 
and fungi in all 11 cases, which were the cause of the 
rhinosinusitis in patients in post-COVID-19 period. The 
most common bacteria were Staphylococcus aureus, Staph-
ylococcus epidermidis, Klebsiella pneumonia, Streptococcus 
pneumonia and Enterococcus faecalis. Among fungi, Asper-
gillus, Candida, Mucor and Coccidioides were observed. 
Thus, rhinosinusitis in patients in post-COVID-19 period 
was of mixed bacterial-fungal origin.

In the literature data, there are mostly articles describing 
COVID-19 associated rhinosinusitis, caused, as a rule, by 
one of the fungi of the genus Aspergillus, Candida or Mucor 
[19]. Rhinosinusitis, which is caused by two or three fun-
gal co-infections, (Aspergillus and Candida, or Aspergillus 
and Mucor, or Candida and Mucor etc.) in patients during 
COVID-19 infection or especially in post-COVID-19 period 
have been reported in a limited number of studies [20, 21]. 
Moreover, the description of rhinosinusitis in patients in 
post-COVID-19 period is still scarce in recent literature [22].

Microscopic and morphometric study of the surgical ma-
terial made it possible to identify chronic atrophic rhinosi-
nusitis in all cases at the stage of exacerbation in patients in 
post-COVID-19 period. Atrophic changes in mucous mem-
brane of the nose and paranasal sinuses were characterized 
by a decrease in the epithelial layer thickness, number and 
size of the glands which led to the dysfunction of this layer. 
Functional disorders of the mucous membrane, as is known, 
correlate with the severity of atrophic processes in it [23].

The development mechanism of atrophic changes in 
mucous membrane of the nose and paranasal sinuses in 
patients with rhinosinusitis in post-COVID-19 period, 
from our point of view, is complex.

Firstly, prolonged exposure of the biological factors 
(bacteria and fungi) on the mucous membrane caused 
the development of chronic inflammation in it in post-
COVID-19 period, which was characterized by the periods 
of exacerbation and remission. Atrophic changes were the 
outcome of this inflammation.

Secondly, atrophy developed because of the trophism 
disorder of the mucous membrane, since SARS-CoV-2 
caused vascular damage and hemodynamic disorders. A 
number of scientists have identified endothelial dysfunc-
tion in vessels of the nasal mucosa, increased permeability 
of the vessel wall, predominance of the vasospasm over the 
vasodilatation, sludge phenomenon, thrombus formation 
etc. [24, 25]. Blood supply disorders and trophic changes 
in the mucous membrane of the nose and paranasal sinus-
es could also be caused by the presence of comorbidities 
(predominantly diabetes mellitus, hypertensive disease, 
coronary heart disease) in these patients.

Fungal rhinosinusitis can be divided into invasive and 
non-invasive types [8], depending on the potential of the fungal 

hyphae to invade the tissues through the epithelium (invasive) 
in comparison with the infection confined to the superficial 
epithelium (non-invasive) [26]. Invasive fungal rhinosinusitis 
is a more aggressive form compared with a non-invasive one, 
which can lead to serious morbidity and mortality. In our study, 
we identified the invasive form in all cases.

Chronic atrophic rhinosinusitis at the stage of exacerba-
tion in patients in post-COVID-19 period was predom-
inantly bilateral and characterized by the involvement in 
the process of all paranasal sinuses. This fact indicated the 
aggressive character of the course of such pathology.

Our study and literature data made it possible to identify 
the risk factors of the development of bacterial-fungal chron-
ic atrophic rhinosinusitis in patients in post-COVID-19 
period (Fig. 7).

The main risk factors of the development of bacteri-
al-fungal chronic atrophic rhinosinusitis in patients in post-
COVID-19 period are the damaging effects of SARS-CoV-2 
and negative effects of COVID-19 infection treatment. 

 SARS-CoV-2 affects the immune system, leading to 
immunosuppression and increasing the susceptibility 
to bacterial and fungal infections. Thus, in patients with 
COVID-19 infection, the scientists revealed a marked re-
duction in CD4+ T cells, CD8+ T cells, B cells, NK cells along 
with lymphocytes, monocytes, eosinophils and increase 
in neutrophil count, pro-inflammatory markers, such as 
interleukin (IL)-1, IL-6 and tumor necrosis factor alpha 
(TNF-α) [27]. In the mucous membrane of the nose and 
paranasal sinuses this virus also leads to hemodynamic, 
trophic and alterative changes, which disrupts the known 
mucosa functions, contributes to the microbiome changes 
and development of secondary infections of various origins.

The widespread use of hormones as part of the arma-
mentarium against COVID-19 for stopping cytokine storm 
syndrome may lead to the immune dysregulation with the 
immunosuppressive state formation [9]. Thus, hormone 
therapy leads to cytopaenias, inhibition of cell signalling as 
well as inhibition of function of T cells, B cells, and/or phago-
cytes, development of fungal and bacterial infection [3].

 Hormone therapy may be the cause of primary or re-
activate latent fungal infection development. In the latter 
fact we should consider the latent fungal infection before 
treatment with glucocorticoids. It is also noted that gluco-
corticoids enhance the growth rate of fungi independent 
of host immunosuppression [28].

In our study, patients had moderate or severe course of 
COVID-19 infection. They were treated according to gen-
erally accepted standards in the intensive care unit. During 
their treatment, we used a long-term oxygen therapy (nasal, 
through a face mask, high-flow), which could lead to dry-
ness and trauma of the nasal mucosa. The latter, against the 
background of immunosuppressive status, could contribute 
to the development of fungal-bacterial infections in the 
nasal cavity and paranasal sinuses.

Environmental pollution, radiation against the back-
ground of immunosuppressive status can also be the risk 
factor of bacterial-fungal rhinosinusitis development in 
patients in post-COVID-19 period [29-31].
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of pro-inflammatory cytokines (IL-4, IL-5, IL-13); hyper-
reactivity of the airways, as a result of which the allergen 
enters the mucous membrane of the upper or lower respi-
ratory tract, leading to the development of inflammation 
in various parts of the respiratory tract [41].

Other chronic diseases of the respiratory system can also 
be a risk factor for developing rhinosinusitis [40].

Modern literature describes the relationship between 
the incidence of rhinosinusitis and that of cardiovascular 
pathology [42]. Cardiovascular comorbid pathology (hy-
pertensive disease and ischemic heart disease), which we 
have identified in a significant number of cases, can lead 
to hemodynamic, trophic and alterative changes in the 
sinonasal mucosa. This, in turn, can lead to the normal 
microbiome disturbances and development of a secondary 
fungal-bacterial infection.

Human immunodeficiency virus infection and acquired 
immunodeficiency syndrome, iatrogenic immunodeficien-
cy states in massive antibiotic therapy in chronic infection 
treatment, long-term use of hormones and immunosup-
pressive drugs in cases of malignant tumors or autoimmune 
diseases, bone marrow and organ transplantation increase 
the risk of bacterial-fungal chronic rhinosinusitis develop-
ment [10, 11, 13].

Chronic kidneys and liver diseases, multiple organ 
dysfunction syndrome are also significant risk factors 
for bacterial-fungal chronic rhinosinusitis development 
[43]. In our study, chronic hepatitis was detected in 1 case 
(9.1%), chronic glomerulonephritis – in 1  case (9.1%), 
chronic pyelonephritis – in 1  case (9.1%). Dysfunction 
of these organs is accompanied by intoxication, immune 
disorders, which can cause the development of bacteri-
al-fungal chronic rhinosinusitis [44].

CONCLUSIONS
1.  The conducted comprehensive study made it possible 

to identify chronic atrophic rhinosinusitis at the stage 
of exacerbation caused by associations of bacteria and 
fungi in patients in post-COVID-19 period. Among 
bacteria, the authors most often noted Staphylococcus 
aureus, Staphylococcus epidermidis, Klebsiella pneumo-
nia, Streptococcus pneumonia and Enterococcus faecalis. 
Among fungi, there were Aspergillus, Candida, Mucor 
and Coccidioides. Fungal infection was characterized by 
invasion into the mucous membrane of the nose and 
paranasal sinuses.

2.  In patients in post-COVID-19 period the invasive bacte-
rial-fungal chronic atrophic rhinosinusitis at the stage of 
exacerbation was predominantly bilateral, characterized 
by the involvement of several or all paranasal sinuses in 
the process. Patients with such pathology complained 
of periodic fever, headaches and malaise; nasal conges-
tion and constant difficulty in nasal breathing; yellow-
ish-greenish-reddish discharge from the nasal cavity, 
sometimes with a fetid odor; discomfort and pain in the 
area of paranasal sinuses; immobility of the eyeball, hy-
posmia or anosmia; reduction or complete loss of vision.

Comorbidities also play an important role in the develop-
ment of bacterial-fungal chronic atrophic rhinosinusitis in 
patients in post-COVID-19 period. In our study, combined 
comorbidities were identified in all cases. Among the latter, 
we determined diabetes mellitus (8 cases, 72.7%) most 
often, which coincides with the literature data [32]. Dia-
betes mellitus, especially uncontrolled with ketoacidosis, 
can alter the normal immunologic response of patients to 
infections [33].

Diabetes mellitus also leads to generalized micro- and 
macroangiopathy, which in the mucous membrane of the 
nose and paranasal sinuses can lead to the development 
of trophic and alterative changes. These changes cause the 
impaired protective function of the mucous membrane 
and secondary fungal-bacterial infections development. 
This category of patients experienced dryness and atrophy 
of the nasal mucosa, dysregulation of the nasal-associated 
lymphoid tissue, glucose-rich acidic environment in tis-
sues, which are also the conditions for the development 
of a secondary infection [34]. In diabetes mellitus patients 
the binding of iron to transferrin is inhibited and results in 
elevated iron levels, which promotes the growth of fungal 
infection [27].

Among endocrinopathies, our study also revealed obe-
sity (4 cases, 36.4%) and autoimmune thyroiditis (2 cases, 
18.2%). Several studies have reported that obesity can be 
a risk factor for development of different otorhinolaryn-
gologic diseases, including rhinosinusitis as well. It hap-
pens because obesity is a potential chronic inflammatory 
condition, leading to chronic systemic inflammation and 
immune system dysfunction [35]. The study has proved an 
increase in the incidence of rhinosinusitis with an increase 
of the patient’s body mass index [36].

Recent findings demonstrate that thyroid pathology may 
be a risk factor of rhinosinusitis development [37]. Exper-
imental studies on rats with rhinitis and hypothyroidism 
have shown activation of thyroid hormone receptors in the 
nasal mucosa, overproduction of acid mucopolysaccharide 
in the nasal and paranasal sinus regions [38].

Diseases of cardiovascular and respiratory systems can 
often act as a risk factor for the development of bacteri-
al-fungal chronic atrophic rhinosinusitis in patients in 
post-COVID-19 period. In our study, bronchial asthma 
was found in 3 cases (27.3%), hypertensive disease in 6 
cases (54.5%) and ischemic heart disease in 6 cases (54.5%). 

Studies have shown that bronchial asthma is one of the 
most common risk factor for the rhinosinusitis develop-
ment. Chronic rhinosinusitis and bronchial asthma are 
considered in the context of the unified airway theory, 
which describes the upper and lower airways as a single 
functional unit [39]. It has been estimated, that approxi-
mately 90% of asthmatics suffer from rhinosinusitis, and 
around 50% of rhinosinusitis patients suffer from asthma 
[40]. Scientists have proven that inflammatory changes 
in the nose and paranasal sinuses are associated with 
bronchoconstriction. There are similar mechanisms for 
the development of chronic rhinosinusitis and bronchial 
asthma: activation of Th2 type cells and hyperproduction 
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3.  Frequent risk factors for the development of invasive 
bacterial-fungal chronic atrophic rhinosinusitis at the 
stage of exacerbation in patients in post-COVID-19 
period were the information about moderate or severe 
course of this infection in anamnesis; comorbidities 
(predominantly diabetes mellitus, hypertensive disease 
and ischemic heart disease).
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