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AHHOTAUNA

BgedeHue. B nocnegHue rogbl akTMBHO M3y4aeTcA BblpaboTKa WM PerynAaumMA CUHTE3a rUanypoHOBOM KWUCMOTbI
npu COVID-19. TwanypoHaH uMeeT 6onbluoe 3HaYeHWE B PasBUTUM TAMKENOr0 nopaxkeHus nerkux npu COVID-19
Y NpeacTaBnAeT coboi NoTeHLManbHyI0 TepaneBTUYECKYI0 MULLEHb, BO3OEWCTBME HA KOTOPYIO, BO3MOXHO, YyYLLIKUT NPOrHo3
nauuexToB ¢ COVID-19.

Llens. W3yunTb nepcrnekTviBbl NMpUMEHeHWA 6OBruanypoHMAasbl a3oKCMMepa B KOMMJIEKCHOM JieYeHUM 60MbHBIX
COVID-19 c noparKeHWeM NIErk1x Ha CTaLMOHapHOM 3Tane.

Mamepuansi u memodsl. 06cnepoBaHo 35 naumeHToB (6 MyUMH U 29 eHwwmH) B BospacTe 58,9 + 12,9 ner,
roCMUTanM3vpoBaHHblX ¢ WHPekumen COVID-19. Catypauma kanunnapHon kposu (Sp0,) coctasuna 80,1 + 8,6%,
061bEM MOPaMKeHUA NErKMX MO PEHTTEeHOBCKOM KoMrbloTepHo ToMorpadum (PKT) — 45,1 + 19,4% cnpasa u 40,0 + 19,5%
cneBa. Bce naumeHTbl nmomyyanu neyeHue cornacHo «BpeMeHHbIM METOAMYECKUM peKOMeHOaUMAM: MpoPUNaKTUKa,
AMarHoOCTMKa 1 NieYeHne HOBOM KOpOHaBMPYCHOM UHdeKLmK. Bepena 14 (27.12.2021)». KpoMe Toro, B cOCTaBe KOMMEKCHOM
tepanumn COVID-19 Ha 21,9 + 6,8 neHb 6onesHM HasHauancA 60BruanypoHMZasbl a30KCMMEP BHYTPUMBILLEYHO KypcoM
10 uHbekumn (1 pas B 3 gHA).

Pe3synemamel. Ha ¢oHe KOMMneKcHoW Tepanuu, BKAYaloLen 60oBruanypoHuaasbl a3oKCMMep, 3aperucTpupoBaH
npupoct Sp0,: y 7 nauneHtos — nocne 1-# uHbekumn (4,2 + 1,7%), y 24 — nocne 2-n nHbekummn (9,4 + 0,6%), ewe
4 naumeHTa He noKasanu 3HauMMbln npupocT SpO, nocne nepsbix ABYX MHbeKUMK. lpupoct Sp0, nocne 1-M MHBEKLUUM
obpatHo KoppenupyeT ¢ Bo3pacToM (r = -0,34; p < 0,05) n ncxogHon catypaumeii (r = -0,38; p < 0,05). Mpupoct Sp0, nocne
2-M UHBEKUMM — ¢ JHeM 60Ne3HM, Ha KOTOpbIl HavaTa TepanuA 6oBruanypoHmaassbl asokcumepoM (r = -0,36; p < 0,05).

3aknioyerue. TpuMeHeHne 60BruanypoHMaasbl asoKcuMepa B KOMMeKcHoM fedeHun COVID-19 ¢ nopakeHuem
NErKMX Ha CTALMOHAPHOM 3Tane MoXeT 6biTb IGPEKTMBHO Yy NaLmeHToB 6onee MONO[Oro Bo3pacTa, ¢ 6onee BbIparKeHHbIM
MCXOOHBIM CHUKeHMeM Sp0,, a TaKkke NpW HasHa4yeHUM npenapata B 6onee paHHWMe cpokW 3abonesanuA. [lonyyeHHble
AaHHble MOTHOMO UCCNef0BaHWUA QMKTYIOT He06XOAMMOCTb U3YYeHWUA YPOBHA IMalypoOHOBOM KMUCNOTHI B KPOBM NaLMEHTOB
¢ COVID-19 1 noparKeHneM NErkux 1 ero poiv B CTPaTUUKALIMM PUCKA TaKKUX BOMBHBIX.
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ABSTRACT

INTRODUCTION: In recent years, the production and regulation of synthesis of hyaluronic acid in COVID-19 has been
actively studied. Hyaluronan plays a significant role in development of severe lung damage in COVID-19 and is a potential
therapeutic target the action on which will probably improve prognosis for patients with COVID-19.

AIM: To study prospects of using bovhyaluronidaze azoximer in complex treatment of patients with COVID-19 with
lung damage at the inpatient stage.

MATERIALS AND METHODS: Thirty five patients (6 men and 29 women) aged 58.9 + 12.9 years hospitalized with
COVID-19 infection, were examined. Capillary blood saturation (Sp0,) was 80.1 + 8.6%, the volume of lung damage in X-ray
computed tomography (X-ray CT) was 45.1 + 19.4% on the right and 40.0 + 19.5% on the left. All the patients received
treatment according to the “Temporary Guidelines: prevention, diagnosis and treatment of novel coronavirus infection.
Ver. 14 (27.12.2021)". Besides, as part of complex treatment for COVID-19, bovhyaluronidaze azoximer was administered
intramuscularly on the 21.9 + 6.8™ day of illness with a course of 10 injections (once in 3 days).

RESULTS: In the course of comprehensive treatment including bovhyaluronidaze azoximer, increase in Sp0, was
recorded: in 7 patients — after 1 injection (4.2 + 1.7%), in 24 — after 2 injections (5.4 + 0.6%), another 4 patients did
not show any significant increase in Sp0, after the first two injections. Increase in Sp0, after the 1% injection inversely
correlated with age (r = -0.34; p < 0.05) and the initial saturation (r = -0.38; p < 0.05). Increase in Sp0, after the second
injection correlated with the day of illness on which treatment with bovhyaluronidaze azoximer began (r = -0.36; p < 0.05).

CONCLUSION: Use of bovhyaluronidaze azoximer in complex treatment for COVID-19 with the lung damage at the
inpatient stage can be effective in younger patients with more expressed initial reduction of Sp0,, and also in case of
administration of the drug in the early stages of the disease. The data obtained in the pilot study, dictate the necessity of
studying the level of hyaluronic acid in blood of patients with COVID-19 and lung damage and its role in risk stratification
of such patients.
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LIST OF ABBREVIATIONS

ACVE — acute cerebrovascular event

AH — arterial hypertension

ARDS — acute respiratory distress syndrome

BA — bronchial asthma

CHD — coronary heart disease

COVID-19 — CoronaVirus Disease, coronavirus infection 2019
CRP — C-reactive protein

DM — diabetes mellitus

DMGCS — diabetes mellitus associated with intake of glucocorticosteroids
EA — exertion angina

HA — hyaluronic acid

IL-18 — interleukin-1B

INTRODUCTION

An important part of the struggle with Novel
CoronaVirus Disease 2019 (COVID-19) pandemic caused by
SARS-CoV-2 (severe acute respiratory syndrome-related
coronavirus 2) is the struggle against the consequences
of COVID-19. Manifestations of postcovid syndrome
may vary from fast fatigue to pulmonary fibrosis with
phenomena of severe respiratory failure. Clinical,
X-ray and autopsy reports of morphological alterations
associated with consolidation of lung tissue (of fibrosis
type) and prolonged resolution, were also described in
SARS (severe acute respiratory syndrome) and MERS
(Middle East Respiratory Syndrome) [1-4]. Currently,
more and more data appear on fibrotic alterations after
SARS-CoV-2 infection as well [5, 6].

Thus, according to the data of the international
summarized publications, postcovid fibrosis affects about
one third of patients hospitalized with SARS-CoV-2 [7, 8].
As aresult, given millions of cases of COVID-19 worldwide,
one may state that postcovid fibrosis is a great problem of
healthcare, leading to impairment of the quality of life of
convalescents and to disability of the population.

The central element of pulmonary fibrosis is excessive
deposition of the extracellular matrix manifested by
irregular thickening of the interlobular septum and reticular
alterations with traction bronchiectasis in X-ray computed
tomography (X-ray CT) of lungs [9]. To note, the extent of
lung damage and the inflammatory response correlate
with the degree of fibroblastic reaction which is required
to repair the damage [5]. It is important that the main risk
factors for severe form of COVID-19, namely, the age,
male gender and concomitant diseases, such as arterial
hypertension (AH) and diabetes mellitus (DM), are also risk
factors for idiopathic pulmonary fibrosis [10]. According to
X. Han, et al., 62% of 114 patients with severe COVID-19
pneumonia had residual fibrous changes in lung X-ray
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IL-6 — interleukin-6

MERS — Middle East Respiratory Syndrome
Ob — obesity

PICS — postinfarction cardiosclerosis

PCR — polymerase chain reaction

RNA — ribonucleic acid

SARS — severe acute respiratory syndrome
SARS-COV-2 — severe acute respiratory syndrome-related coronavirus 2
Sp02 — capillary blood saturation

TNF-a — tumor necrosis factor-a

X-ray CT — X-ray computed tomography
4MU — 4-Methylumbelliferone

CT after 6 months [11]. The elderly/senile age of patients
with COVID-19 correlates with the risk of development of
pulmonary fibrosis after 6 months [12]. Unfortunately, most
publications do not consider a follow-up period longer than
6 months. At the same time, there appear works indicating
the reversibility of lung damage in COVID-19 [13].

In connection with the above, it seems actual to search
for novel antifibrotic agents, and also to gain experience
in treatment of patients with lung damage after COVID-19
using drugs with the known antifibrotic effect.

Foreign publications actively highlight the role
of hyaluronan in the development of lung damage
in SARS-CoV-2 infection, and emphasize the fact of
derangement of the production and regulation of synthesis
of hyaluronic acid (HA) in COVID-19 [14-17]. Resting on the
previous studies, it can be said that accumulation of HA
(hyaluronan) in lungs is associated with the development
of acute respiratory distress syndrome (ARDS) [18].
On pathanatomical examination of the bodies of patients
who died from COVID-19, their lungs were filled with
jelly-like contents [19], and HA is probably one of the main
factors leading to ARDS.

SARS-CoV-2 infection may be associated
with cytokine storm that induces an aggressive
inflammatory response with liberation of high amounts
of pro-inflammatory cytokines: interleukin-1f (IL-18),
interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-a)
and others. Cytokines IL-18 and TNF-a are strong inducers
of hyaluronan synthase-2 in the alveolar epithelial cells
of lungs and fibroblasts [20]. It is hyaluronan synthase-2
that generates HA with very high molecular mass which
leads to absorption of a high quantity of water molecules
due to hygroscopic properties [17]. The level of HA in the
blood serum in COVID-19 is proposed as an early marker
of a poor prognosis in critical patients [14].

So, the use of hyaluronan synthase inhibitors or
hyaluronidase preparations in COVID-19 may produce
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a therapeutic effect through reduction of the content of
hyaluronan in lungs [21]. Certain hopes in the treatment
for COVID-19 are pinned on suppression of synthesis
of HA with 4-methylumbelliferone (4MU) which as well
reduces the level of inflammatory cytokines, as shown
on infectious models of mice [22]. The intranasal
introduction of exogenous hyaluronidase has been
reported to reduce the level of hyaluronan in lungs of mice
with modeled influenza [20].

Thus, hyaluronan is of great importance in the
development of severe lung damage in SARS-CoV-2
infection and is a potential therapeutic target, the action on
which will undoubtedly improve the prognosis for patients
with COVID-19.

A multicenter open prospective cohort DISSOLVE study
has been conducted in the Russian Federation to assess
the effectiveness and safety of the drug bovhyaluronidase
azoximer (Longidase®, 000 Petrovaks Pharm, Russia)
in the prevention and treatment of post-inflammatory
pneumofibrosis and interstitial lung diseases that develop
after COVID-19 complicated with pulmonary manifestations
(chief researcher — A. G. Chuchalin). The drug
bovhyaluronidase azoximer is indicated in pneumofibrosis
according to the instructions on medical use of the drug.
Bovhyaluronidase azoximer, due to its hyaluronidase
activity, works at different stages of the pathological
process (both in the phase of acute inflammation and with
the underlying severe fibrosis). Conjugation of the enzyme
with bromide azoximer permits not only to enhance the
activity of the enzyme, but also introduces new properties
aimed at modulating the production of cytokines and
mediators of inflammation [23]. The antifibrotic properties
of the drug are especially important in the context of
rehabilitation after COVID-19, [24]. In the DISSOLVE
study, the effectiveness of intramuscular injections
of bovhyaluronidase azoximer was shown in terms of
increase in saturation, exercise tolerance, forced vital
capacity of lungs, reduction of the severity of shortness of
breath at the outpatient stage of rehabilitation of COVID-19
patients. Accumulating data on the role of hyaluronan in
the development of lung damage in COVID-19 justify the
reasonability of using the drug with hyaluronidase activity
in the early periods of the disease at the inpatient stage.

The aim of this study the prospects of using bovhyalu-
ronidase azoximer in the complex treatment of patients with
COVID-19 with lung damage at the inpatient stage.

MATERIALS AND METHODS

The observational study was performed on the base of
the hospital specializing in treatment of adult patients with
COVID-19 (Ryazan Emergency Care Hospital). The protocol
of study and the form of Informed consent were approved
by the Local Ethics Committee at Ryazan State Medical
University (Protocol No. 9 dated February 07, 2022).
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All the patients who received bovhyaluronidase azoximer,
signed a voluntary informed consent for the intervention
before the first injection. All the rest procedures were
performed according to “Temporary Guidelines: prevention,
diagnosis and treatment of novel coronavirus infection.
Version 14 (dated December 27, 2021)" [25].

The study involved a total of 35 patients with confirmed
novel coronavirus COVID-19 infection with lung damage of
different degree of severity verified by chest X-ray CT. The
average age of patients was 58.9 + 12.9 years (from 27 to
79 years), women predominated — 29 (82.8%).

Exclusion criteria: hemoptysis in patients, malignant
neoplasms, idiopathic pulmonary fibrosis before the
current disease.

The patients of the observational group were
hospitalized on the 9.2 + 2.0 day of illness. The results
of distribution of patients by severity (the volume) of
lung damage according to the results of X-ray CT, are
given in Figure 1. X-ray CT of lungs was conducted on
average on the 9.9 + 2.1% day of illness; in some patients
X-ray CT was conducted 1-2 days before hospitalization.
As follows from Figure 1, moderate and severe pneumonia
predominated (63%). The volume of lung damage was
initially 45.1 + 19.4% on the right and 40.0 + 19.5% on the left.

On admission, all the patients had respiratory failure,
capillary blood saturation (Sp0,) was 80.1 + 8.6%. Four
patients, because of severity of their condition, were
hospitalized in the resuscitation and intensive care units
and were given non-invasive lung ventilation. All the rest
patients initially received respiratory support in the form of
oxygen therapy through a mask/cannula with oxygen flow
of 5 to 15 liters per minute.

Of the comorbid pathology (Figure 2), AH (77.1%), 1
and 2 degree obesity (Ob) (65.7%), DM (48.5%) were most
common. Interestingly, 7 patients had a history of type
2 DM, and another 10 patients were diagnosed with DM
related to intake of glucocorticosteroids.

On admission, the level of C-reactive protein (CRP)
was 85.0 £ 74.0 mg/l, with the minimal level 10.9 mg/l
and maximal 357.0 mg/l. The degree of severity of the lung
damage according to the initial X-ray CT of lungs correlated
with the initial level of CRP (r = 0.47; p < 0.05).

All patients received treatment for a novel coronavirus
infection according to the “Temporary Guidelines: prevention,
diagnosis and treatment of novel coronavirus infection
(COVID-19). Version 14 (dated December 27, 2021)",
including oxygen therapy, pronposition in the absence of
obesity, parenteral administration of glucocorticosteroids
(dexamethasone, methylprednisolone), anticoagulant
therapy (enoxaparin, heparin), antibiotic therapy according
to indications [25]. In 16 cases (45.7%), genetically
engineered biological drugs were prescribed: levilimab —
in 4 cases (25.0%), baricitinib and tocilizumab — in 3 cases
both (18.8%), sarilumab, olokizumab, netakimab were
given to 2 patients (12.5%).
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Fig. 1. The degree of severity of lung tissue damage of the studied patients (n = 35) on admission according to the results of X-ray

computed tomography of lungs.

Note: CT — the degree of lung damage according to the results of X-ray computed tomography.
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Fig. 2. The incidence (%) of comorbid pathology in the study patients (n = 35).
Notes: AH — arterial hypertension, 0b-1 — 1 degree obesity, DM GCS — diabetes mellitus associated with glucocorticosteroid intake, Ob-2 — 2 degree
obesity, DM — diabetes mellitus, CHD — coronary heart disease, EA — exertion angina, BA — bronchial asthma, ACVE — acute cerebrovascular

event, PICS — postinfarction cardiosclerosis.

As part of the complex therapy, bovhyaluronidase
azoximer was prescribed at the inpatient stage on the
21.9 + 6.8" day of the disease, taking into account
contraindications, in the form of lyophilizate for making
solution for injection of 3000 IU, intramuscularly, 1 time
every 3 days, with a course of 10 injections.

To analyze the probable causes of increase in Sp0,,
a comparative analysis of the following groups of patients
was conducted at different stages of treatment with
bovhyaluronidase azoximer:

hitps://daiorg/1

017816/PAVLOVI101242

group 1 — increase in saturation after the first
injection;

group 2 — increase in saturation after the second
injection;

group 3 — with no significant positive dynamics of
Sp0, parameter after the first two injections.

Statistical analysis of the obtained data was
performed using Statistica 10.0 package (Stat Soft Inc.,
USA). The quantitative attributes were presented in the
form of arithmetic mean (M) and arithmetic mean error
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(m). To analyze the relationship between the two attributes,
Spearman coefficient was determined (r). The differences
were considered statistically significant for all types of
analysis at p < 0.05.

RESULTS

As noted above, Sp0, parameter on admission was
80.1 + 8.6%, before the start of treatment with bovhya-
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luronidase azoximer — 85.1 + 8.7%. Bovhyaluronidase
azoximer demonstrated good tolerability: not in a single
case side effects was recorded. In the course of treatment
with bovhyaluronidase azoximer as part of complex therapy,
increase in saturation was noted in different periods:
7 patients demonstrated increase in Sp0, after the first
injection of, 24 patients — after the second injection and
4 patients did not show any significant positive dynamics
of Sp0, parameter after the first two injections (Table 1).

Table 1. Comparative Characteristics of Patents with Lung Damage after COVID-19 Depending on Increase in Sp0, in Treatment

with Bovhyaluronidase Azoximer

Parameters Group 1 Group 2 Group 3

n 7 24 A
Criteria for Division to Groups
Increase in Sp0, after the 1= injection, % 42+17 1.1+03 06+08
Increase in Sp0, after the 2 injection, % 60+28 54+06 1014
Clinical and Demographic Characteristics
Age, years 51.0+85 59.7+13.6 67.5+9.1
Duration of the disease by the moment of hospitalization, days 9.7+2.1 9.0+ 2.1 10217
with by o s i 212475 %2525
Sp0, on admission, % 770£119 812+79 792 +£56
Severity of Lung Damage on Admission According to X-ray CT

1 stage 0 2 of 24 0
1-2 stage 0 2 of 24 0
2 stage 1of7 10 of 24 20f4
2-3 stage 1of7 2 of24 0
3 stage 3of7 5 of 24 1of 4
3-4 stage 20f7 1 of 24 Tof4
4 stage 0 2 of 24 0
Volume of damage of the right lung, % 55.5+202 41.6 +20.5 483 +10.4
Volume of damage of the left lung, % 51.2+20.1 373+208 383+7.6
CRP on admission, mg/! 1532+ 1109 68.8 +53.7 58.0+405

Notes: all the values are presented as M + m; X-ray CT — X-ray computed tomography, CRP — C-reactive protein

Thus, patients of group 1 (with the earliest response
to treatment with bovhyaluronidase azoximer) were
characterized by the tendency (p > 0.05) to a younger age,
lower saturation on admission, more severe lung damage
in X-ray CT and higher level of CRP on admission.

Correlation analysis revealed the following
interrelations: increase in Sp0, after the 1% injection
inversely correlated with the patient’'s age (r = -0.34;
p < 0.05), increase in Sp0, after the 2" injection — with the

DOI: https://doi.arg/10.17816/PAVLOVI101242

day of the disease on which therapy with bovhyaluronidase
azoximer started (r = -0.36; p < 0.05).

DISCUSSION

In the DISSOLVE study, the experience of using
bovhyaluronidase azoximer at the outpatient stage
of COVID-19 therapy was obtained [26], the timing of the
drug administration is not earlier than the 21 day of the
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disease and not later than two months after beginning
of COVID-19. Administration of treatment in this period
is associated with the fact that, according to the
existing data, it is by the end of the third week that the
proliferation stage terminates and the fibrotic stage
of the interstitial pneumonia in COVID-19 starts [27].
The discussed role of hyaluronan in the development
of a severe lung damage in COVID-19 dictates the need
to consider the earlier administration of the drug in a
number of patients taking into account its effect not only
on pneumofibrosis but also on degradation of hyaluronan
in lungs, which accumulates at the beginning of the
disease, in the phase of cytokine storm when hyaluronan
synthase-2 is activated [17-19].

In our observational study, bovhyaluronidase
azoximer was administered to patients with the initial
saturation 85.1 + 8.7%, as part of complex therapy at the
inpatient stage. It is hyaluronidase activity of the drug
that can explain the increase in Sp0, in up to 12% of
young and middle-aged patients with a severe course
of the disease immediately after the 1% injection. The
increase in Sp0, after the 1% injection was found to be
higher in patients with lower initial saturation (r = -0.38;
p < 0.05). AH and DM in COVID-19 are the recognized
risk factors of a severe course of the disease and of
pulmonary fibrosis [10]. In our study, the existence of
AH and type 2 DM had a negative effect on increase in
Sp0, after the 1% injection of bovhyaluronidase azoximer
(r=-0.49 and r = -0.38, respectively; p < 0.05).

The revealed facts permit to identify groups
of patients with COVID-19 in whom treatment with
bovhyaluronidase azoximer will be most effective:

« patients of young and middle age,

« patients with severe lung damage (2-3 stage in
X-ray CT),

« administration of treatment at the inpatient stage
not later than 3 weeks after the beginning of the disease.
As an illustration, a clinical example is given.

A female patient R., 61 years old was hospitalized
with complaints of shortness of breath, elevation
of body temperature to 38.0°C, pronounced general
weakness. In history, she had contact with COVID-19
patients (all family members were ill). The disease had
an acute onset, on the second day of the disease the
patient turned to the outpatient clinic, umifenovir and
methylprednisolone were prescribed. The PCR test
of oro- and nasopharyngeal swab for SARS-CoV-2
ribonucleic acid was done in the outpatient clinic. In the
course of treatment, no improvement of the condition
was observed — hyperthermia persisted. On the 7" day
of the disease, the condition worsened — shortness of
breath enhanced. X-ray CT of lungs in the outpatient clinic
identified the volume of lung tissue damage 25%-30%.
The patient was taken to hospital by an ambulance team.

The patient had AH, did not take antihypertensive
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drugs regularly. Allergological history: Quincke edema
to nicotinic acid. The patient denied bad habits.

On admission: moderately severe condition, body
temperature 38.0°C, body mass index 35 kg/m?
respiratory rate 24 per minute, Sp0, 89% without
insufflation of oxygen, heart rate 90 per minute, arterial
pressure 130/70 mm Hg. Laboratory test results on
admission: lymphopenia (0.62 x 10%/1), CRP 32.5 mgl/|,
ferritin 678 pg/l, fibrinogen 533 mg%.

PCR test of oro- and nasopharyngeal swab for
SARS-CoV-2 RNA: positive.

Repeated X-ray CT of lungs (18" day of illness, in
hospital): in the central and peripheral areas of lungs
on both sides, extended areas of consolidation of
ground-glass opacity type of irregular shape with sharp
slightly cord-like contours with emphaticalness of the
intralobular interstitium in the lower lobes. The volume
of involved lung parenchyma of the right lung — up to
40%, of the left lung — up to 35% (Figure 3A).

Therapy was given: dexamethasone intravenously,
baricitinib, enoxaparin subcutaneously, bovhyaluronidase
azoximer intramuscularly once every 3 days from the 18%
day of the disease. In the course of therapy, the content
of lymphocytes in peripheral blood was 1.0 x 107/,
CRP — 10 mg/l, ferritin — 320 pg/l, fibrinogen —
365 mg%. Before treatment with bovhyaluronidase azoximer,
Sp0, without oxygen insufflation was 90%, after the 2"
injection of Sp0, — 93% without oxygen therapy.

X-ray CT of lungs in dynamics after 10 days (between
two X-ray examinations, 3 injections of bovhyaluronidase
azoximer were made as part of complex therapy):
extended areas of consolidation of ground-glass opacity
type of irregular shape with sharp slightly cord-like
contours, evident intralobular interstitium in the lower
lobes earlier observed in the central and peripheral
areas of both lungs, restructured to smaller areas of
cord-like consolidation and reticulation. The volume of
the involved parenchyma of the right lung was up to 15%,
of the left lung — to 10% (Figure 3B).

Thus, the dynamics of Sp0,, X-ray CT changes
of lungs in the course of complex therapy with
bovhyaluronidase azoximer evidences not only the effect
of the drug on the post-inflammatory pneumofibrosis,
but also its potential ability to degrade hyaluronan that
accumulates in the lung tissue in the earlier stages of
the inflammatory process.

A relatively low statistical power of the study
(n = 35) does not permit analysis of the results for the
presence/absence of statistically significant differences,
however, the relevance of this problem, in our opinion,
justifies the reasonability of discussing the results
obtained, since they are of high clinical significance in
conditions of COVID-19 pandemic with the need for rapid
adaptation of clinical recommendations to the routine
clinical practice of management of such patients.
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Fig. 3. Dynamics of changes of the results of X-ray computed tomography of lungs of patient R., 61 years old, with COVID-19, in the
course of complex treatment including bovhyaluronidase azoximer: in the hospital on admission (18" day of illness, before start of
therapy with bovhyaluronidase azoximer) (A), 27" day of illness (10" day of treatment with bovhyaluronidase azoximer) (B).

CONCUSION

Use of bovhyaluronidase azoximer in complex
treatment of patients with COVID-19 and lung damage at
the inpatient stage may be effective not only in terms of
prophylaxis and treatment of pneumofibrosis, but also in
terms of potential reduction of the level of hyaluronan in
lungs in the early stages of the disease. The response to
complex therapy with bovhyaluronidase azoximer in the
form of increase in saturation is highest in the individuals
with COVID-19 of younger and middle age with severe
lung damage (2-3 degree of damage according to the
results of X-ray computed tomography).

Taking into account the data obtained, we consider
it possible and reasonable to include bovhyaluronidase
azoximer in complex treatment of COVID-19 with lung
damage with severe course of the disease in earlier
periods, already at the outpatient stage. Besides,
the data obtained predetermine the need to study the
level of hyaluronic acid in blood of patients with COVID-19
and its role in stratification of risk for poor outcomes,
and also the need to formulate clear indications for
administration of bovhyaluronidase azoximer to patients
with COVID-19 at the inpatient stage.
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