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The universal proteinase inhibitor o,-macroglobulin (a,-MG) exhibiting antiviral and immunomodulatory
activities, is considered as an important participant in the infectious process. The activity of a,-MG
in the new coronavirus infection and post-covid syndrome (long COVID) has not been studied yet. We examined
85 patients diagnosed with community-acquired bilateral polysegmental pneumonia developed under conditions
of a new coronavirus infection SARS-CoV-2. For assessment of the post-COVID period, 60 patients were examined
5.043.6 months after the coronavirus infection. Among these patients, 40 people had complications, manifested
in the form of neurological, cardiological, gastroenterological, dermatological, bronchopulmonary symptoms.
The control group included 30 conditionally healthy individuals with a negative PCR result for SARS-CoV-2 RNA and
lack of antibodies to the SARS-CoV-2 virus. The a,-MG activity in serum samples of patients with coronavirus
infection dramatically decreased, up to 2.5% of the physiological level. This was accompanied by an increase
in the activity of the a;-proteinase inhibitor, elastase- and trypsin-like proteinases by 2.0-, 4.4- and 2.6-fold respectively
as compared with these parameters in conditionally healthy individuals of the control. In the post-COVID period,
despite the trend towards normalization of the activity of inhibitors, the activity of elastase-like and especially
trypsin-like proteinases in serum remained elevated. In overweight individuals, the increase in the activity
of trypsin-like proteinases was most pronounced and correlated with an increase in the antibody titer
to the SARS-CoV-2 virus. In the post-COVID period, the a,-MG activity not only normalized, but also exceeded
the control level, especially in patients with dermatological and neurological symptoms. In patients with neurological
symptoms or with dermatological symptoms, the o,-MG activity was 1.3 times and 2.1 times higher than
in asymptomatic persons. Low o,-MG activity in the post-COVID period persisted in overweight individuals. The results
obtained can be used to monitor the course of the post-COVID period and identify risk groups for complications.
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INTRODUCTION

Alpha-2-macroglobulin (o,,-MG) is a high molecular
weight glycoprotein acting as an inhibitor of proteolytic
enzymes [1]. It exhibits a wide specificity, inhibiting
activities of serine, cysteine, aspartyl proteinases,
and metalloproteinases.

Proteinases play an important role in the
pathogenesis of coronavirus infection. To penetrate
the body, the virus employs such human proteinases
as membrane trypsin-like (TMPRSS, ADAM17, furin),
intracellular cysteine (cathepsins), and extracellular
serine proteinases (trypsin, elastase, Hageman factor,
thrombin, etc.) [2]. Proteinases hydrolyze (prime)
the spike protein S, providing binding to the receptor
(angiotensin-converting enzyme 2; ACE2), fusion
of the virus with cell membranes, and development
of the infection [3]. Mutations of the virus with
appearance of new sites for hydrolysis by additional
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enzymes increase the contagiousness of the virus [4].
In the presence of concomitant pathology associated
with inflammation and activation of neutrophil elastase
and plasma proteinases, susceptibility to viral infection
increases with the development of a severe form
of COVID-19 [5, 6].

0,-MG is involved in the body defense against
viral, fungal, and bacterial infections by blocking
enzyme activities and preventing pathogen penetration
into the cell [1, 7]. The inhibitory potential of o,-MG
is relatively small, but it is a necessary addition
to the functions of the o-proteinase inhibitor (co;-PI,
o -antitrypsin), which provides 90% of the inhibitory
activity of blood plasma. Both o,-PI and o,-MG
have a wide range of regulatory properties,
including immunomodulatory ones. At the same time,
complexes of o,-MG with proteinases have a short
half-life (1-3 min), while complexes with o,-PI
are eliminated from the circulation for much
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longer time (hours) and the effects are delayed [8].
In addition to proteinase inhibition, o,-MG binds
cytokines IL-6 and IL-18, IL-4 and IL-10,
participates in the activity of the immune system [8, 9].
a,-MG is involved in antigen presentation and antibody
formation; it regulates reactions of nonspecific humoral
immunity by binding hydrolases, lysozyme, and
properdin. Interacting with cytokines, o,-MG acts
as a mediator of nitric oxide synthesis and NO-induced
macrophage cytotoxicity [7]. The intensity of the immune
response depends on o,-MG concentrations.
Its deficiency results in appearance of the phenomenon
of areactivity and its excess causes suppression
due to blocking of the major histocompatibility
complex [10]. o,-MG plays an important role
in hemostasis as a thrombin inhibitor [11].
Determination of the a,-MG complex with thrombin
can be used to assess thrombinemia.

The antiviral and immunoregulatory properties
make a,-MG and o,-PI, important factors
in the pathogenesis of coronavirus infection associated
with hyperinflammation, cytokine storm, thrombophilia,
thrombosis and its complications. The study
of a,-MG activity during SARS-CoV-2 infection
and in the post-COVID period is of both theoretical
and practical importance. A meta-analysis (n=50)
showed a ubiquitous prevalence of complications
following COVID-19. The health consequences
of the post-COVID syndrome seem to be quite
long-term [12], this determines the importance
of studying diagnostic and prognostic parameters,
including the balance of inhibitor and
proteinase activity.

The aim of the study was to determine the activity
of a,-MG, a,-PI, as well as trypsin- and elastase-like
proteinases in COVID-19 and in the post-COVID
period (long COVID).

MATERIALS AND METHODS

85 patients (46 women and 39 men) aged
46£8.5 years with a diagnosis of community-acquired
bilateral polysegmental pneumonia developed under
conditions of a new SARS-CoV-2 coronavirus
infection were examined. They were hospitalized
in the Tomsk Medical and Sanitary Unit No. 2

in the period from March 16 to June 5, 2021.
Mild pneumonia was diagnosed in 69.9% patients,
moderate and severe in 3.6% and 26.5% of patients,
respectively. Diagnostics and treatment of patients
were carried out in accordance with the interim
guidelines for the prevention, diagnosis and
treatment of a new coronavirus infection (COVID-19)
of the Ministry of Health of the Russian Federation.
SARS-CoV-2 RNA was detected using nucleic acid
amplification methods in nasopharyngeal swabs.
The severity of acute respiratory distress syndrome
(ARDS) was assessed by the ratio of the partial
pressure of arterial oxygen to the fraction of inhaled
oxygen (PaO,/Fi0,). 47% of patients had ARDS
(pO, less than 95%), as well as respiratory failure (RF)
of varying severity. Concomitant diseases included
arterial hypertension, type 2 diabetes mellitus, obesity.
The prescription of glucocorticoids was required
in 18% of patients (Table 1). The mortality rate
of patients infected with SARS-CoV-2 was 9.4%
(8 people).

To assess the development of complications
of COVID-19, 60 people (47 women and 13 men)
were examined 5.0+3.6 months after the coronavirus
infection. It should be noted that 62.5% of individuals
were vaccinated. In all examined persons, the body
mass index (BMI) was measured as the ratio
of weight (kg) to height (m). According
to the international classification, excess body weight
is verified with a BMI in the range of 25.0-29.9,
obesity — with a BMI 2>30.0 (WHO, 1997).
An increased body mass index was detected
in almost 50% of the examined. In 40 people (66.7%)
aged 36.8+6.7 years in the post-COVID period,
complications were identified in the form
of neurological, dermatological, gastroenterological,
cardiological, and bronchopulmonary symptoms
(Table 2).

All primary data on patients and the control group
are given in supplementary materials.

The control group included 30 conditionally
healthy individuals (18 women and 12 men)
aged 56.846.7 years. These individuals had a negative
PCR result for SARS-CoV-2 RNA, and no antibodies
to the SARS-CoV-2 virus were detected in their
serum samples.

Table 1. Clinical and anamnestic characteristics of patients infected with SARS-CoV-2

Criterion Patients with this criterion (%) | Patients without this criterion (%)

Acute respiratory distress syndrome 40 (47.0%) 45 (53.0%)

Arterial hypertension 51 (60.0%) 34 (40.0%)

Diabetes mellitus type 2 14 (16.5%) 71 (83.5%)

Obesity 6 (7.1%) 79 (92.9%)
Grade I 18 (21.2 %)

Respiratory failure Grade 11 8 (9.4%) 49 (57.6%)
Grade 111 10 (11.8%)

Treatment with glucocorticoids (dexamethasone i/v bolus)

16 (18.8%) 69 (81.2%)
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Table 2. Percentage of clinical symptoms in the post-COVID period

Symptoms Manifestations %
Dermatological dry skin, hair loss 90
Gastroenterological gastrointestinal tract disorders, nausea 55
Neurological cognitive disorders, headache, arthralgia, thoracalgia, anosmia, ageusia 43
Cardiological sudden changes in blood pressure, postural orthostatic tachycardia syndrome, dizziness 30
Bronchopulmonary dyspnea 5

Determination of the Activity of Proteinase
Inhibitors in Serum

The a,,-MG activity was determined by the residual
arginine-esterase activity of the trypsin-a,-MG
complex [13]. Briefly, 0.05 ml of 0.1% trypsin
solution (SAMSON-MED, Russia) was added
to 0.1 ml of blood serum diluted 10 times.
After incubation for 5 min at 25°C and addition
of 0.1 ml of 0.3% soybean trypsin inhibitor solution
(Sigma-Aldrich, USA), the samples were incubated
for 5 min and 1 ml of 1.5 mM N-benzoyl-L-arginine-
ethyl ester solution (BAEE, Sigma-Aldrich) was then
added. The increase in optical density at 253 nm was
measured on a spectrophotometer (United Products and
Instruments, USA). The activity of o;-PI was assessed
by the inhibition of BAEE hydrolysis by trypsin [13].
Two experimental samples were prepared, one of which
contained 1.9 ml of 0.05 M Tris-HCI] buffer and
0.1 ml of 0.01% trypsin solution, and the second one
contained 1.8 ml of 0.05 M Tris-HCI buffer,
0.1 ml of 0.01% trypsin solution, and 0.1 ml of serum
diluted 50 times. After incubation for 5 min at 25°C
and adding 1 ml of 1.5 mM BAEE solution,
an increase in optical density was measured at 253 nm.
The activity of proteinase inhibitors was expressed
in inhibitory units (IU) per 1 ml of serum (IU/ml).
One IU corresponds to the amount of inhibitor that
inhibits cleavage of 1 pmol BAEE in 1 min.

Determination of Proteinase Activity

The activity of trypsin-like and elastase-like
proteinases was assessed by the hydrolysis, respectively,
of BAEE and p-nitrophenyl ester of N-butyloxycarbonyl-
L-alanine (BANE, Sigma-Aldrich) [14]. To determine
the activity of elastase-like proteinases, 0.2 ml of 10-fold
diluted serum and 2.7 ml of 0.05 M sodium phosphate
buffer (pH 6.5) were mixed in a spectrophotometer
cuvette. After adding 0.1 ml of 0.01 M BANE
in acetonitrile, the increase in optical density
was measured at 347.5 nm. Activity was expressed
in nmol BAE/min per 1 ml of serum.
To measure the activity of trypsin-like proteinases,
1.9 ml of 0.05 M Tris-HCl buffer (pH 7.8),
1 ml of 1.5 mmol/l BAEE solution were added
to 0.1 ml of 10-fold diluted serum, and the increase
in optical density was measured at 253 nm.
The activity of trypsin-like proteinases was expressed
in nmol BAEE/min per 1 ml of serum.
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Determination of the Antibody Content to SARS-CoV-2

The content of antibodies to SARS-CoV-2
was determined using an enzyme immunoassay kit
(Vector Best, Russia).

Statistical data processing was carried out using
the Kolmogorov-Smirnov test, Mann-Whitney test,
Spearman correlation analysis. Differences were
considered as statistically significant at p<0.05.
Results are presented as median and quartiles,

Me (Qys; Q7s)-

RESULTS

The serum activity of o,-MG in patients with
coronavirus infection dramatically decreased and
represented only 2.5% of the control level. At the same
time, the activity of a,-PI, trypsin-like, and elastase-like
proteinases demonstrated 2.0-fold, 4.4-fold, and 2.6-fold,
respectively, compared with the control group
(Table 3). A higher activity of trypsin-like
proteinases was observed in patients with ARD:
546.0 (264.81; 655.20) nmol BAEE/min'ml versus
207.5 (117.39; 464.10) nmol BAEE/min‘ml in patients
without ARDS. In the cases of lethal outcome,
the activity of trypsin-like proteinases was maximal and
represented 582.86 (505.05; 750.80) nmol BAEE/min-ml.

In the post-COVID period, the o,-MG activity
increased and significantly exceeded the control level.
Although the o,-PI activity and elastase-like
activity decreased as compared to the hospital
period, they still remained higher than
the control. It should be noted that the activity
of trypsin-like proteinases in the post-COVID period
did not decrease; moreover, it even increased,
exceeding the values obtained in the acute phase
of infection (by 1.7 times) and the control (by 7.4 times)
(Table 3).

In general, COVID-19 is characterized
by a developed imbalance in proteinase inhibitors,
including a decrease in the «,-MG activity and
an increase in the o,-PI activity; this imbalance
is accompanied by an increase in the activity
of elastase-like and, especially, trypsin-like
proteinases. In the post-COVID period, despite
the normalization of the level of proteinase inhibitors,
increased activity of trypsin-like proteinases is still
detected in the serum.
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Table 3. Activity of a,-MG, a;-PI and proteinases in acute and post-COVID periods

Parameter Control COVID-19 Long COVID
n=30 n=85 n=60
a,-Macroglobulin, IU/ml 2.2 0.055* 3.1/
(1.7; 2.5) (0.03; 0.09) (2.0; 3.6)
a;-Proteinase inhibitor, IU/ml 273 54.8% 39.9%/%
(20.7; 27.3) (34.9; 78.96) (21.8; 52.3)
L . . 455 200.1* 335.7%/**
Trypsin-like proteinases, nmol BAEE/min-ml (45.5: 90.3) (62.8: 518.7) (163.9: 531.8)
. . . 93.9 245.7* 125.6%*
Elastase-like proteinases, nmol BANE/min-ml (90.3: 109.6) (163.8: 330.3) (54.6: 382.2)

*/** — Statistically significant difference with control and between groups, respectively (p<0.05).

Table 4. Inhibitory coefficients and correlation coefficients (r ,) between proteinases and inhibitors

Coefficient Control

COVID-19 Long COVID

Elastase-like proteinases /

o,-macroglobulin 42701, y= 0.172

4500 r, ,=-0.215 40.40 r, , = 0.689

Trypsin-like proteinases /

o,-macroglobulin 20701y =-0.039

4002 r, = -0.156 107.90 r, , = 0.076

Elastase-like proteinases /

o -proteinase inhibitor 3401,y =0.066

4.50 r, ,=-0.013 3.15 1, ,=-0.605*

Trypsin-like proteinases /

o;-proteinase inhibitor 1:67 1y = 0.163

3.65 1, = -0.422* 8.411,,=-0.143

In order to evaluate the “proteinase-inhibitors”
system, the inhibitory coefficients of the ratio
of the proteinase activity to their inhibitors were
calculated. An increase in the coefficient indicates
a decrease in the inhibitory activity under conditions
of high proteinases activity. This is considered
as an impaired control of blood proteinases.

0,,-MG is able to control the activity of elastase-like
proteinases: the coefficient in the acute phase
of infection demonstrated a 105-fold increase,
while in the post-COVID period it decreased
and did not differ from the control level. However,
in the case of trypsin-like proteinases, the a,-MG control
impaired: the coefficient increased by 193 times, and
in the post-COVID period it remained 5 times higher
than in the control. Similar dynamics was revealed
for a,-P1, which controlled the activity of elastase-like
proteinases and could not regulate the increase
in the activity of trypsin-like proteinases (Table 4).

An imbalance in the activity of inhibitors may
underlie uncontrolled proteolysis followed by damage
of organs and tissues. In this regard, at the next
stage, the o,-MG activity was analyzed depending
on the clinical manifestations of the post-COVID
period. It has been found that the a,-MG activity
in patients with neurological and dermatological
symptoms was higher (Table 5). Proteinase activity
did not depend on the presence/absence of clinical

symptoms, with the exception of trypsin-like activity,
which was increased in dyspnea and represented
896.0 (867.20; 924.80) nmol BAEE/min'ml.

Comorbid pathology has a significant impact
on the course of coronavirus infection and
post-covid syndrome. The activity of inhibitors and
proteinases was analyzed depending on the presence
of overweight and obesity, which were detected
in 50% of the examined patients. In individuals
with BMI>25, a decrease in a,-MG activity
was observed under conditions of increased activity
of trypsin-like proteinases (Table 6).

Correlation analysis revealed an inverse
relationship between the a,-MG activity and BMI.
The strength of the relationship increases
in the presence of clinical manifestations (correlation
coefficient was -0.421, p<0.05). On the contrary,
the direct correlation was found between the activity
of trypsin-like proteinases and BMI (the correlation
coefficient was 0.372; p<0.05). A positive relationship
was also found between the activity of trypsin-like
proteinases and the content of SARS-CoV-2 antibodies
(the correlation coefficient of 0.518). It should be noted
that the concentration of antibodies was higher
in patients with post-COVID symptoms than
in asymptomatic patients in the post-COVID period:
838.0 (631.4; 856.7) BAU/ml versus against
643.5 (468.3; 838.9) BAU/ml, respectively.
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Table 5. a,-MG activity (IU/ml) in patients with various symptoms in the post-COVID period

Symptoms Absent Present

Neurological n=23 n=17
curologic 2.72 (2.02; 3.18) 3.66 (3.31; 4.05)*

. . n=28 n=12
Cardiological 2.91 (2.07; 3.645) 3.52(3.15;3.72)

Bronchopulmona: n=38 n=2
P Y 3.14 (2.12; 3.70) 3.745 (3.57; 3.92)

Dermatological n=4 n=36
& 1.77 (1.485; 2.21) 3.275 (2.54; 3.76)*

. n=18 n=22
Gastroenterological 3.24 (2.09; 3.93) 3.19 (2.38; 3.70)

* — Statistically significant difference between groups (p<0.05).

Table 6. Activity of proteinases and their inhibitors in patients with different values of the body mass index (BMI)

P " BMI <25 BMI >25
arameter n=31 0=29
0,-MG, TU/ml 3.275 (2.82; 3.68) 2.540 (1.77; 3.52)*
o;-PL, TU/ml 44.10 (32.30; 54.80) 29.75 (20.83; 49.24)

Elastase-like proteinases, nmol BANE/min-ml

363.09 (72.35; 578.76)

109.20 (54.60; 327.60)

Trypsin-like proteinases, nmol BAEE/min-ml

300.30 (136.50; 374.01)

382.20 (303.70; 683.20)*

* — Statistically significant difference between groups (p<0.05).

DISCUSSION

It is known that o,-MG and o;-PI play
an important role in protecting the body from
excessive activation of proteolysis [8]. a,-MG inhibits
activities of the main proteases released from
stimulated human neutrophils, in particular,
neutrophil elastase [9].

Overflow and activation of neutrophils in the lungs
during COVID-19 leads to the formation of neutrophil
extracellular traps (NETs), the release of neutrophil
proteinases, which are known to be involved in tissue
damage and promote the spread of infection [15].
In addition to o,-MG, the proteolytic activity
of neutrophil elastase is regulated by o;-PI, which plays
a protective role against COVID-19. It is known
that a mutation in the o,-PI gene (SERPINA-I)
contributes to a more severe course of coronavirus
infection. For example, high mortality from COVID-19
in Italy (Lombardy) is associated with a high
frequency of the deficient a,-PI allele in people living
in this territory [16].

In this study, an increase in the o,-PI activity
was accompanied by a decrease in the inhibitory
activity of a,-MG in serum; this is consistent with
the literature data on the reciprocal mode of changes
in these inhibitors during pathological processes [1, 7].
a,-MG is known as a negatively reacting “acute phase
protein” [10]. The wide range of inhibitory activity
of a,-MG is due to its unusual mechanism of action,
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which is based on the creation of a tetrameric “trap cell”
around active proteases thus limiting protease interaction
with high-molecular-weight substrates but retaining
their ability to hydrolyze low-molecular-weight
substrates [9]. In contrast to o;-PI, which completely
inhibits the activity of proteinases, a,-MG partially
retains their lytic activity. The o,-MG structure
contains receptor-binding domains (RBDs), involved
in a,-MG interaction with cell surface receptors.
In native a,-MG, these domains are hidden, but during
0,-MG binding to proteinases RBDs are exposed
to the surface of the a,-MG-proteinase complex and
this promotes its uptake by cells by means
of LRP-1 (low-density lipoprotein receptor-related
protein-1) [9, 10]. In our case, a decrease
in the 0,-MG activity may be associated with increased
elimination of proteinases from the bloodstream
and a decrease in the pool of native o,-MG
in the circulation.

Decreased biosynthesis of o,-MG in chronic
inflammation may contribute to the sanitation
of affected tissues via proteolysis [17]. However,
under conditions of hyperproteolysis, which
is characteristic of coronavirus infection, excessive
activity of proteinases has a more damaging
effect than a protective one. For example,
the activity of elastase- and trypsin-like proteinases
demonstrated 2-4-fold increase during the acute
period of the infection (Table 3). An increase
in the activity of trypsin-like proteinases reflects
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the phenomena of blood plasma hyperproteolysis
with the activation of thrombin, plasmin, renin,
kallikrein, components of the complement system
and can be considered as an integrative indicator
of the risk of developing cardiovascular events,
thrombophilia, or hemophilia [6].

In the post-COVID period, the level of inhibitors
normalizes: the o,-MG activity increased while
o;-PI decreased, as compared with the acute period.
However, compared with the control, the level
of activity of proteinase inhibitors remained high
(Table 3); this was accompanied by an additional
increase in the activity of trypsin-like proteinases.
The inhibitory coefficients of the ratio of trypsin-like
proteinases to o,-MG and o,-PI in the post-COVID
period remained high as compared to conditionally
healthy individuals of the control group (Table 4).
Taking into consideration that the activity
of the proteolytic enzymes in the post-COVID
period remains high, this can be considered
as an unfavorable factor. The high activity
of elastase-like proteinases (including neutrophilic)
may also indicate the presence of an inflammatory
process [5].

Taking into consideration the fact that the activity
of the proteolytic enzymes in the post-COVID period
remains high, the level of the o,-MG activity
can be considered as an indicator of the presence
of inflammatory, including autoimmune processes,
affecting the skin and nervous system; this is
accompanied by the appearance of dermatological
and neurological symptoms (Table 5). It has been
previously found that SARS-CoV-2 provokes
the development of autoimmune diseases.
In this context altered a,-MG activity can be
both a consequence and one of the reasons
for the development of autoimmune reactions
in some patients.

It is known that a,-MG acts as a neuromodulator
by binding neuropeptides, myelin basic protein
and amyloid peptides [17]. In the context
of the development of neurodegenerative diseases
it is also important that o,-MG binds zinc ions [18]:
zinc ion accumulation in neurodegenerative
processes is generally recognized [17]. At the same

time, hyperinflammation can lead to damage
of a,-MG molecules, disruption of their
functional activity and affinity for receptors,

as well as to the synthesis of autoantibodies
to this protein [1].

It is known that the activity of a,-MG and o,-PI
inhibitors can change in obesity. Our study
has shown an inverse relationship between
a,-MG activity and BMI, which is consistent with
literature data [19]. In contrast to o,-MG, the activity
of o,-PI decreases, probably due to an increase
in leptin content and the development of leptin
resistance in obese patients [20].

High activity of trypsin-like proteinases and
a decrease in the o,-MG activity were found
in overweight excess body weight (Table 6), which
may be associated with an increase in proteolysis during
a nonspecific inflammatory reaction. It is assumed that
overweight people have a higher level of inflammation
due to increased synthesis of pro-inflammatory
cytokines in adipose tissue [21]. In the post-COVID
period, a positive relationship was found between
the activity of trypsin-like proteinases and antibodies
to SARS-CoV-2. The antibody concentrations were
higher in patients with complications. Probably,
a high level of antibodies and an increased
activity of trypsin-like proteinases are a consequence
of the intensity of the immunological process
and inflammation during the acute period
of coronavirus infection.

CONCLUSIONS

In coronavirus infection, reciprocal changes
in the activity of a,,-MG and o;-PI are observed under
conditions of the increased activity of elastase- and
trypsin-like proteinases. In the post-COVID period,
despite the normalization of the level of inhibitors,
the activity of elastase-like and especially trypsin-like
proteinases remained elevated. In overweight
patients, a decrease in the a,-MG activity and
an increase in the activity of trypsin-like proteinases
were found proportionally to the increase
in the level of antibodies to SARS-CoV-2. The high
activity of a,-MG in the post-COVID period
is accompanied by appearance of neurological and
dermatological symptoms. The results obtained
can be used to monitor the course of the post-COVID
period and detection of risk groups for complications.
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AKTUBHOCTD AJIb®A-2-MAKPOITIOBYJINHA
TP UHOEKIINU SARS-CoV-2 1 B TIOCTKOBUJHOM INEPUOJE

O.E. Axoawesa’, /I.K. Mumpoganosa', /1. B. Cnupuna'’*,
10.I'. Camoiinosa’, M.B. Mameeesa', /I.B. Iloouunenoea’, O.A. Oneinux’

'Culupckuit rocy1apCTBEHHBIM MEAULIMHCKIM YHHUBEPCHUTET,
634050, Tomck, MockoBckuii TpakT, 2; *371. mouta: dmitrofanovaS4@gmail.com
*Hay4Ho-ucclie1oBaTeIbCKUi HHCTUTYT OHKOJIOTHH,
Tomckuil HallMOHATBLHBINA UCCIIEIOBATEIbCKUN MeAUIIMHCKUM 1IeHTp, 634009, Tomck, nep. KoonepaTusHsbii, 5

YHUBepcanbHBIE MHTHOUTOP MPOTEMHA3 OL,-MaKporoOynuH (o,-MI') obmamaeT NpPOTHBOBHPYCHBIMH H
MMMYHOMOAYJIUPYIOIIMMH CBOWCTBaMH, 4YTO JEJIA€T €ro BAaKHBIM YYaCTHHKOM HH(EKIMOHHOTO IpoIlecca.
AKTHBHOCTB 0l,-MI" mipu HOBO# KOpOHaBUpPYCHOM MH(EKINK 1 mocTkoBUAHOM cuHapoMme (long COVID) He m3ydeHa.
OG6cnenoBaHo 85 MAIMEHTOB C JMArHO30M BHEOOJBHUYHAS [BYCTOPOHHSSA TOJMCErMEHTapHas MHEBMOHHUS
Ha QoHe HoBoW kopoHaBupycHoW MHMekKn SARS-CoV-2. Jlist olleHKH TOCTKOBHIAHOTO Nepro/a ObliIo 00cie0BaHo
60 uenmoBex uepe3 5,0+3,6 MmecsueB mocie IepeHeceHHOH KopoHaBupycHoW wuHGexkimu. M3 Hux 40 uenoBek
UMEJHM OCIJIO)KHEHHMSI, TPOSBISIOIINECS B BHAE HEBPOIOTHYECKUX, KapIUOJIOTHUECKHX, TacTPO3HTEPOIOTHUECKHX,
JIEpMaTOJIOTHIECKHUX, OpPOHXOJIETOYHBIX CHMITOMOB. B KOHTpOIBHYIO Tpymmy OblIM BKIIOYeHBI 30 NpakTHUECKH
3I0pOBBIX NIl ¢ oTpunarensHeiM pesynbratoM IIIP ma PHK SARS-CoV-2 u orTcyTcTBHEM aHTHTEN
k Bupycy SARS-CoV-2. AxtuBHOCTH 0,-MI' B CBHIBOPOTKE KpPOBH MAIMEHTOB C KOPOHABHUPYCHOIN HH(pEKIneH
CHJIHO CHHJKQJIaCh, COCTaBisist Bcero 2,5% oOT (M3MOJOrMYECKOro YpOBHS, YTO CONPOBOXKAAIOCH YBEIHUSHHEM
AKTUBHOCTH O.;-TIPOTEMHA3HOTO HMHTUOWTOpA, 3JIacTa30- W TPHUIICHHONOAOOHBIX IIPOTEHHA3 COOTBETCTBEHHO
B 2,0 pa3a, 4,4 pa3a u B 2,6 pa3a [0 CpaBHEHHUIO C MOKAa3aTeJSIMU MPAKTUYECKU 3OPOBBIX JHL. B MOCTKOBUAHOM
MepHroJie, HECMOTPSl Ha TEHACHIMIO K HOPMAJIHM3allUK aKTUBHOCTH WHTHOWTOPOB, aKTHBHOCThH 3JIaCTA30MOAOOHBIX H
0COOCHHO TPUIICHHOMOO00HBIX IPOTEHHA3 B CBIBOPOTKE KPOBH OCTABAJIACH MOBBIIICHHON. Y JIHII ¢ N30BITOUYHBIM BECOM
yBEJIMYEHHE aKTHUBHOCTH TPHUIICHHOMOJOOHBIX TMpOTEenHa3 Obulo Haubojiee BBIPAKEHO W KOPPEIHPOBAIIO
C yBeqn4eHueM TUTpa aHTuren K BUpycy SARS-CoV-2. B mocTkoBHIHOM Iepuoje aKTHBHOCThH O,-MI' He Tomnbko
HOpMaJIM30Bajach, HO ¥ NpPEBHIIIANA YPOBEHb KOHTPOJII, OCOOCHHO Yy JHMIl C JepMaTOJIOTMYECKHMHU H
HEBPOJIOTMYECKUMHU cuMnToMaMu. [Ipu jkanobax HEBPOJOTHYECKOTO XapakTepa aKTUBHOCTH o,-MI Obina B 1,3 pasa,
a TpH AEpPMaToJIOTMYECKHMX CHMITOMax — B 2,1 pasa Bble, YeM Y JIMI, HE NperbsBISBIIMX >kano0. Huskas
aKTUBHOCTH O,-MI' B TIOCTKOBHIHOM NEpPHOAE COXPaHAIACh y JHIl ¢ HW30BITOYHON Maccoit Tema. IlomydeHHBIE
pe3yabpTarbl MOI'YT OBITh HCIIOIB30BaHbI IJI14 MOHUTOpHWHIa TEYCHUA MNOCTKOBUAHOI'O II€pHUOJa W BBIABICHUA
I'pyII PUCKA Pa3BUTUS OCIOXKHEHUM.

Tonuwiii mexcm cmamuvu HA PYCCKOM 3bIKe docmynen Ha cavime xcypuana (hitp://pbmce.ibme.msk.ru).

KiroueBble cjioBa: anbda-2-MakpornoOyiuH; anbga- | -mpoTenHa3HbIii HHTHOUTOP; TPUTICUHOIIOMO0OHbIE TIPOTEUHA3H;
31aCTa30I000HbIC MPOTEHHA3BI; TOCTKOBUIHBIN TEPHOT

®unancupopanue. Pabora BrimomHeHa mpu (uHAHCOBOW moaaepkke CHOHPCKOTO TOCYIapCTBEHHOTO
MEIUIIMTHCKOTO YHUBEPCUTETA.
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