ORIGINAL RESEARCH | EPIDEMIOLOGY

MONITORING THE SPREAD OF COVID-19 ACROSS TUBERCULOSIS PATIENTS IN MOSCOW
Kotova EA, Sumarokova EV &, Belilovsky EM, Monchakovskaya ES
Moscow Research and Clinical Center for Tuberculosis Control of the Moscow Government Department of Health, Moscow, Russia

The COVID-19 pandemic necessitated making timely managerial decisions when providing medical care to patients with tuberculosis (TB). The study aimed to
develop a system for monitoring of TB combined with COVID-19 and estimate the prevalence of COVID-19 among TB patients, along with the efficacy of the
measures applied. A registry of TB/COVID-19 patients was developed based on the Barclay-SV Medical Database Management System. It was used to perform
comparative analysis of the information about 1837 patients with active TB forms and confirmed COVID-19 for two periods of the pandemic, 2020-2021 and
2022-2023, and against the data on all new TB cases and TB relapses registered in Moscow in 2020-2023: 7812 and 1243 individuals respectively, from the
TB surveillance registries, excluding those identified posthumously. The socio-demographic structure of patients with TB/COVID-19 co-infection identified in
2020-2023 did not change and corresponded to that of TB patients. In the second period analyzed, mild COVID-19 cases were registered more often (60.9% vs.
41.6%; p < 0.01), the share of moderate COVID-19 cases decreased from 48.2% to 20.6% (p < 0.01), and the share of severe cases decreased from 6.4% to
4.9% (p = 0.19). In 2022-2023, the share of individuals with COVID lung damage decreased from 45.1% to 17.6%, while the number of cases of COVID upper
respiratory tract lesion increased from 47.1% to 64.5% (p < 0.05). The fact of having HIV infection, CAD and hypertension, kidney and genitourinary diseases
increased the chance of developing COVID-19 by TB patients 1.5-2-fold, and disseminated pulmonary tuberculosis, caseous pneumonia, lung tissue destruction
and bacterial excretion increased it 1.4—1.6-fold. The registry made it possible to control routing of TB/COVID-19 patients, as well as treatment outcomes: the total
share of individuals cured reached 90.1%.
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MOHUTOPUHIT PACITPOCTPAHEHWUA COVID-19 CPEAN BOJIbHbLIX TYBEPKYJIE3OM B MOCKBE

E. A. KoToBa, E. B. Cymapokosa ™, E. M. Benmnosckuiz, E. C. MoH4akoBckast
MOCKOBCKIIN FOPOACKON Hay4HO-NPaKTNHEeCKUiA LIeHTP 60pbObl ¢ Tybepkyne3om [enaptameHTa 3apaBooxpaHeHns ropoga Mocksbl, Mocksa, Poccus

MaHpemms COVID-19 Bbi3Bana HeOOXOAMMOCTb MPUHATUS CBOEBPEMEHHbIX YMPABNEHYECKMNX PELUEHWUA NMPU OKa3aHUM MEAVLMHCKOA MOMOLLM G6OMbHbIM
Ty6epkyne3om (TB). Lienbto paboTsl 6bI110 co3aaHre cucTembl MoHMToprHra T, coveTaHHoro ¢ COVID-19, v npoBeaeHme oLeHkn pacnpocTpaHeHns COVID-19
cpean 6onbHbIX TB 1 aheKTUBHOCT NPOBOANMbBIX MeponpusTuin. PadpaboTaH pernctp 6onbHbIX T, codeTtaHHbIM ¢ COVID-19, Ha ocHoBe CuCTeMb!
ynpaeneHvs 6azaMmn MeanLMHCKMX AaHHbIX «bapknai-CB». C ero nomMoLLblo NPOBOAWAM CPaBHUTENbHbIN aHann3 nHdopmaummn o 1837 60bHbIX aKTUBHLIMU
dopmamn T ¢ noaTeepxaeHHor COVID-19 no asym nepuogam nadaemum: 2020-2021 rr. n 2022-2023 IT. 1 B CpaBHEHWUM C JaHHbIMU 000 BCEX BrepBble
BbISIBIEHHbIX OOMBbHBIX 1 peumamBax Th, 3apernctpupoBaHHbix B 1. Mockse B 2020-2023 rT.: 7812 1 1243 4enoBeka COOTBETCTBEHHO M3 PErVICTPOB CUCTEM
3NUAEMMONOMMHECKOrO MOHUTOPKHIA T, UCKoYasa BbISBNEHHbIX MOCMEPTHO. CoumanbHO-aemMorpaduydeckas CTpykTypa 60mMbHbIX COYETaHHON MHAQEKLMen
TB/COVID-19, BbisiBNeHHbIX B 2020-2023 IT., HE MeHsinacb, COOTBETCTBOBAsa 3TOMY napameTpy Y 6onbHbix TB. Bo BTOpom aHannanpyemom neproge cnydan
nerkoro TeveHust COVID-19 perucTpuposany Halle (60,9% npotvs 41,6%; p < 0,01), gons cnyyvaes cpeaHeTsbkenoro TedeHns COVID-19 cHuaunack ¢ 48,2%
00 20,6% (p < 0,01), Tskenoro TedeHns — ¢ 6,4% no 4,9% (p = 0,19). Jona nvu, ¢ KOBUAHBIM NMOPaXXeHNeM Nnerkx 6es3 ObIxaTesbHOM HeJoCTaToOHHOCTN B
2022-2023 rT. yMeHblumnach ¢ 45,1% no 17,6%, Npu pocTe Cy4aes KOBUOHOMO NMOPadKEHst BEPXHUX AbIxaTenbHbIX nyTer ¢ 47,1% 1o 64,5% (p < 0,05). Hannuve
BY-nHbexkumn, MBC v runepToHmndeckoin 6oneaHn, 6oneaHen nodek 1 Mo4ernonoBor cuctemsl B 1,5-2 pasa yBennymsano waHc nposisneHust COVID-19 y
6onbHbix Th, a grcceMrHnpoBaHHbIi TB nerkux, kasdeosHas MHEBMOHUS, HaiM4mne OeCTPYKLUM NEroYHon TkaHn 1 GakTepuosblaeneHns — B 1,4-1,6 pasa.
Pernctp no3Bonmn OCyLLEeCTBNSTb KOHTPOb MapLupyTusaumn naumeHTtoB TE/COVID-19, a Takke pesynbTaTbl NIeHeHns: A0S U3NeYeHHbIX B COBOKYMHOCTA
noctuma 90,1%.

Knto4yeBble cnoBa: MOHUTOPWHN, HOBasi KopoHaBupycHast nHpekums, SARS-CoV-2, Tybepkynes, codeTanHast nHekums Tybepkynes/COVID-19, cuctema anu-
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The pandemic of novel coronavirus infection (COVID-19) has
become an example of the rise of a serious challenge for
public health system having a rather limited exposure time.
On March 11, 2020, the World Health Organization declared
the beginning of the pandemic of the disease assigned the
name COVID-19, and on May 5, 2023 declared the end of
the pandemic [1-3]. The sheer scale of the influence of novel
infection on public health system, arrangement of medical
care, and economy requires not only timely response through
temporary rearrangement of methods to deal with population
and patients, but also arrangement of the temporary system
for control and monitoring of the efficacy of the measures
applied with continuous assessment of the epidemic process
manifestations aimed at using the data for development of
temporary methodological guidelines on prevention, diagnosis,
and treatment of the disease, timely amendment of the latter,
and prediction of the epidemiological situation development.

Moscow was among the first cities of the Russian Federation
to face COVID-19. On March 2, 2020, the first disease case
was reported in the capital, and red alert was declared as
early as on March 5 [4, 5]. The main objective was to prevent
the blast load on Moscow’s healthcare system and avoid the
scenario when the hospitals are overwhelmed and healthcare
professionals do not have time to provide care to patients.

In April 2020, the Clinical Committee that included senior
external experts of the Moscow Government Department of
Health and chief physicians of municipal hospitals repurposed
for treatment of patients with COVID-19 was established. The
following goal was set for specialists: to promptly develop a
clinical protocol for diagnosis of novel coronavirus infection
(COVID-19) in patients undergoing inpatient treatment in
medical institutions of Moscow [6]. A Protocol for treatment
of patients with tuberculosis combined with novel coronavirus
infection was developed at the Moscow Research and Clinical
Center for Tuberculosis Control of the Moscow Government
Department of Health (hereinafter, MRCCTC or Center).

In MRCCTC including two muiltidisciplinary clinics (Clinic
No. 1, Clinic No. 2) and 9 branches in administrative districts of
Moscow, beds were repurposed for COVID-19 patients. Beds
in the Clinic No. 2 were used for inpatient treatment of patients
with the combined infection (tuberculosis and COVID-19).
Beds in two branches of the Center (in the South-Eastern and
North-Western districts of Moscow) were used for treatment
of patients with tuberculosis and mild novel coronavirus
infection, as well as for observation of patients, who had
contacted COVID-19 patients, and novel coronavirus infection
convalescents in different time periods [7-9].

Under conditions of the developing pandemic of novel
coronavirus infection, it became necessary to promptly develop
and implement the system for monitoring of measures to detect
and treat COVID-19 in patients with tuberculosis, which could
ensure timely analysis of the epidemiological situation with
the combined TB/COVID-19 infection and control of patient
routing [10].

Today, one of the country’s most well-developed tuberculosis
surveillance systems (TBSS) functions in the city, which is
used to acquire, process, and analyze the case-based data on
detection, treatment and follow-up of TB patients for almost 25
years based on the scientifically grounded information structures
that remain versatile and stable enough over a long time [11].

In Moscow, TBSS is based on the flexible Barclay-SV
Medical Database Management System (MDBMS) allowing one
to promptly develop and modify (if necessary) the information
structure of the registries with arrangement of data entry,
processing, and analysis.

During the pandemic the question arose about the need
to create a temporary registry for monitoring of combined
tuberculosis/COVID-19 infection and control over the
effectiveness of the measures applied with the timely
retrospective analysis of data on the patients having tuberculosis
combined with COVID-19. The study aimed to promptly
develop a system for monitoring of tuberculosis combined with
CQOVID-19, analyze the spread of novel coronavirus infection
among tuberculosis patients, and assess the effectiveness of
the anti-epidemic measures applied.

METHODS

The temporary registry of patients with tuberculosis combined
with novel coronavirus infection (TB/COVID-19) was developed
based on the flexible Barclay-SV MDBMS (developed by
MRCCTC together with Elecard-Med LLC, certificate of state
registration of software No. 2019661941 dated 12.09.2019,
Russian software registry entry No. 21931 dated 20.03.2024)
[11]. The Barclay-SV. MDBMS, in which the Moscow
tuberculosis surveillance system registries are implemented,
has a built-in designer of configurations (tasks or information
structures) with the automated construction of input data entry
forms and a report designer.

In the registry created, which was modified a limited number
of times during the pandemic, as the regulatory documents
and the COVID-19 patient management algorithm changed,
in 2020-2023 the data were acquired on 2171 patients (2473
records), which included both information about the patients
with active tuberculosis forms and the confirmed diagnosis of
COQOVID-19 and the records of patients, in whom the diagnosis
of tuberculosis was not confirmed based on the assessment
results, and patients clinically cured of tuberculosis and
transferred to the dispensary supervision group Ill [12, 13].

The analysis included information about 1837 patients with
active forms of tuberculosis and the confirmed diagnosis of
COVID-19 (2102 records), who were admitted to Moscow COVID
hospitals for the first time, including cases when tuberculosis/
COVID-19 was identified posthumously, or underwent outpatient
treatment due to novel coronavirus infection (64 cases).

To compare patients having active tuberculosis forms
and concomitant COVID-19 and those, in whom no novel
coronavirus infection was detected, information was taken about
all new cases and tuberculosis relapses reported in Moscow in
2020-2023: 7812 and 1243 individuals, respectively, from the
city’s TBSS registries, excluding those identified posthumously.

In accordance with the Temporary Guidelines on
Prevention, Diagnosis, and Treatment of Novel Coronavirus
Infection (COVID-19), approved by the Ministry of Health of
the Russian Federation [1], Clinical Protocols for diagnosis of
novel coronavirus infection (COVID-19) in patients undergoing
inpatient treatment in medical institutions of the state public
health system of Moscow [6], in 2020-2023 in Moscow,
novel coronavirus infection (COVID-19) was diagnosed at
the MRCCTC using the direct etiological laboratory diagnosis
methods (SARS-CoV-2 RNA detection by polymerase chain
reaction (PCR), as well as SARS-CoV-2 antigen detection by
immunochromatographic assay (ICA) performed when assessing
nasopharyngeal and oropharyngeal smears, regardless of
clinical manifestations), indirect etiological diagnosis methods
(detection of patients’ serum immunoglobulins M, G (IgM and
IgG) by immunochemistry methods), instrumental diagnosis
method — computed tomography (CT) of lungs.

Immunological testing of the patients’ serum was
performed at the laboratory of the Center using the reagent
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kits for identification of IgM and IgG antibodies against the
SARS-CoV-2 strain by immunochemoluminescence assay in
clinical samples using the CL analyzers for in vitro diagnosis
(Shenzhen Mindray Bio-Medical Electronics Co., Ltd.; China,
Mindray Medical Rus LLC). The coefficient used to recalculate
the data obtained in BAU/mL was 1.32.

The registry data were analyzed using the chi-squared
test and parametric statistical methods. Information about
tuberculosis patients having and not having COVID-19 was
compared using multiple logistic regression analysis.

RESULTS

During the COVID-19 pandemic, since March 2020, the Barclay-
SV MDBMS was used in Moscow to implement monitoring of
COVID-19 incidence among tuberculosis patients; the following
was controlled when performing monitoring:

— information about the disease detection and diagnosis
(dates, detection methods);

— patient routing;

— dynamic changes in assessment results (complete blood
counts, D-dimer, anti-HIV, HBs Ag, anti-HCV, RW, PCR and ICA
tests for COVID-19, serum IgM and IgG, chest radiography);

—ongoing COVID-19 treatment;

— COVID-19 treatment outcomes.

Information structure of the registry included the following:

— heading part with the main identification data on the
patient;

— basic information about the patient: job/educational
institution, position, actual residence address, permanent
residence address, population category, nationality, social
and professional background, information about COVID-19
vaccination;

— information about COVID-19 registration: dates of
suspicion and confirmation of the diagnosis; confirmation
methods; date of the emergence of clinical symptoms and
description of the symptoms; data of seeking medical care
due to symptoms of novel coronavirus infection; name of the
medical institution the patient had contacted; information about
the COVID-19 clinical variants and manifestations, disease
severity; concomitant disorders; fact of contacting a COVID-19
patient; initial assessment results; treatment prescribed;
measures in the outbreak of infection;

— complete blood counts, D-dimer levels; results of tests
for COVID-19 (up to 15) with the automated comparison with
normal IgM and IgG levels;

—information about routing specifying the names of medical
institutions, where the patient was treated (up to six), specifying
the admission ways and final COVID bed-days;

— COVID-19 treatment outcomes with saved information
about the data of the last COVID-19-positive smear, achieving
smear negativity, and overall COVID-19 treatment outcome;

— basic information about tuberculosis, including the
patient’s group based on medical history, data on detection,
and the diagnosis results.

The Certificate of state registration No. 2022623380 dated
02.12.2022 was obtained for the registry structure and the
database “Registry of Patients with Tuberculosis Combined
with COVID-19 Registered in Moscow”.

Due to temporary nature of the task, the database was
developed as a pilot project, separately from the tuberculosis
patient registry functioning in Moscow within the framework of
TBSS.

The use of the Barclay-SV MDBMS as a basis made
it possible to modify the registry data structure during
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operation, to promptly update the questionnaire and reports
with the emergence of new diagnosis, treatment, and
prevention methods, to clarify COVID-19 clinical variants and
manifestations, and to classify the disease based on severity.

The analysis of the data of patients with tuberculosis
combined with COVID-19 registered over four years of the
pandemic (2020-2023) by MRCCTC was performed based on
the information entered in the registry.

Here are the results of processing the data on 1837 patients,
among them 699, 449, 542, and 147 patients, respectively,
got COVID-19 in 2020-2023. Hospital readmissions due
to COVID-19 were reported for 222 patients (265 hospital
readmissions: 51, 77, 112, and 25, respectively in the specified
period), which in a number of cases resulted from re-detection
of SARS-CoV-2 after achieving negative nasopharyngeal and
oropharyngeal smears within the course of the same case of
novel coronavirus infection.

One of the data processing goals was to conduct the
analysis of changes in the course of novel coronavirus infection
under conditions of COVID-19 epidemiological situation
changing throughout 4 years based on the registry data. The
specified time period was conditionally divided into two 2-year
periods: the period of the pandemic development — 2020-
2021 and the period of its decline — 2022-2023.

Table 1 provides information about the methods for
CQVID-19 detection and diagnosis in patients with tuberculosis
and confirmed coronavirus infection, who were admitted to the
city’s COVID beds at least once. The data are provided on
the number of patients, in whom novel coronavirus infection
was detected primarily by laboratory testing (while CT could
also be performed), on the number of patients, in whom the
diagnosis of COVID-19 was confirmed based on chest CT
(while laboratory testing was also performed), and, finally, on
the number of patients, in whom the diagnosis was established
based on both CT and laboratory testing results.

The results show significant (p < 0.01) changes in
predominant methods for detection of novel coronavirus
infection over the last two years of monitoring (2022-2023)
compared to the first two years of the COVID-19 pandemic
(2020-2021): the role of laboratory methods in detection of
novel coronavirus infection became overwhelming.

The registry data were used to implement control over
routing and the ways of admission of the patients with
tuberculosis combined with novel coronavirus infection
to the COVID beds deployed at the MRCCTC. Admission
to the hospital via ambulance took place in 43.8% of cases,
scheduled admission — in 38.8% of cases, transfer from other
medical institutions involving the use of sanitary transport — in
13.8% of cases, while in 3.6% of cases the admission ways
were different.

Almost one fifth of TB/COVID-19 patients (20.7% or 377
patients) were admitted to the MRCCTC via non-tuberculosis
medical institutions, including non-tuberculosis hospitals
(149 individuals), municipal outpatient clinics (93 individuals),
infection disease hospitals (121 individuals), research and
clinical centers and federal institutions (14 individuals).

According to their medical history, about one third of
TB/COVID-19 patients indentified during this period had a
confirmed contact with the patients suffering from COVID-19 —
29.4%.

The socio-demographic structure of the patients having
combined TB/COVID-19 infection, who were identified in
2020-2023, was rather stable.

Distribution of patients with tuberculosis combined with
novel coronavirus infection across the population categories is
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Table 1. Methods to detect and diagnose COVID-19 in tuberculosis patients with confirmed coronavirus infection admitted for treatment for the first time (Moscow,

2020-2023)*

Year 2020 2021 2020-2021 2022 2023 2022-2023 Total
Total number of admissions 699 449 942 497 130 689 1837
bv?tl:;]ogf’o;)l;:ethod, including combined 578 364 042 497 130 627 1569
% 82.7 81.1 82.1 91.7 88.4 91 85.4
Cgmputed tomography, including combined 219 214 433 103 31 134 567
with laboratory methods, abs.
% 31.3 47.7 37.7 19 211 19.4 30.9
By two methods, abs. 119 137 256 61 17 78 334
% 17 30.5 23.3 11.3 11.6 1.3 18.2
Unspecified detection method 21 8 29 3 3 6 35
% 3 1.8 25 0.6 2 0.8 1.9

Note: “ — No information was available for 35 patients.

similar to that of tuberculosis patients: slightly less than half or
45.6% were permanent residents (41.7%, 50.7%, 46.2%, and
47.3% in 2020-2023, respectively), almost a quarter or 23.8%
were residents of other Russian regions (23.3%, 24.2%, 25.3%,
and 19.9%, respectively), every seventh person was homeless
(16.7%), and every eighth was a foreign citizen (13.9%).

More than a half of TB/COVID-19 patients or 53.1% were
jobless and unemployed (56.3%, 50.7%, 51.8%, and 51.4%
in 2020-2023, respectively), 16.8% were employed (14.7%,
20.8%, 15.7%, and 17.9% in 2020-2023 respectively), and
14.8% were disabled (13.9%, 14.8%, 15.3%, and 17.1% in
2020-2023, respectively). Others were retirees (11.4%),
students (3.1%), and preschool children (0.8%).

More than a half of affected individuals or 54% were
incident tuberculosis patients (50.9%, 60.1%, 54.8%, and
63.9% in 2020-2023, respectively), 13.4% had tuberculosis
relapses, 9.3% were arriving tuberculosis patients, 21.9% were
registered for follow-up as tuberculosis patients before the
COVID-19diagnosis.

We compared all new cases and tuberculosis relapses
registered in 2020-2023 (excluding those identified
posthumously), in which COVID-19 was detected (group 1) or
not detected (group 2): 762 and 8293 individuals, respectively.

There were no gender differences in the groups: males
accounted for 66.4% and 68.0%, respectively (p > 0.05).
Patients with TB/COVID-19 were on average older (Fig. 1): the
average age in group 1 (with TB/COVID-19) was 44.7 years

20% -
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0% -

0-5
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11-14 |
15-17 A\
18-20
21-25
26-30
31-35
36-40
41-45
46-50

(95% Cl: 43.6-45.8), while in group 2 it was 40.5 years (95%
Cl: 40.2-40.9), p < 0.05.

Table 2 and Fig. 2A and 2B provide the multivariate analysis
and multiple logistic regression results for assessment of factors
that are statistically related to the presence of COVID-19 in
tuberculosis patients, i.e. the probability of the relationship
of those with the fact of having novel coronavirus infection
exceeds 95% (p < 0.05).

The presence of COVID-19 in the tuberculosis patients is
associated with a rather large number of individual factors (univariate
analysis), such as age over 30 years, fact of having HIV infection,
some forms of pulmonary tuberculosis (disseminated, caseous
pneumonia), lung tissue destruction and bacterial excretion,
as well as the number of concomitant disorders determined by
population groups. At the same time, if we take into account the
relationship between these factors and apply multivariate analysis,
then the following concomitant diseases remain the leading
factors most strongly associated with the presence of COVID-19
in tuberculosis patients in terms of statistics: HIV infection, CAD
and hypertension, kidney and genitourinary diseases, as well
as severe and advanced pulmonary tuberculosis forms.

Thus, among the studied factors associated with
tuberculosis, the facts of having disseminated disease forms,
caseous pneumonia, bacterial excretion or destruction cavity in
the lung show a significant correlation with getting COVID-19.
Limited forms of tuberculosis, such as tuberculoma, represent
the so-called “protective factors” against COVID-19.

== TB without COVID-19

== TB with COVID-19

51-55
85 an
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Fig. 1. Age dependence of new tuberculosis cases and tuberculosis relapses depending on the fact of COVID-19 detection (Moscow, 2020-2023)
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Table 2. Factors associated with the fact of having COVID-19 in new tuberculosis cases and relapses of tuberculosis (Moscow, 2020-2023). Univaruate and multivariate
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analysis
Factor Univariate analysis Mliléz):(islsigir?tic
Number in group 1 | Sharein group 1, % [ Numberin group 2 | Share in group 2, % OR (95% Cl) OR (95% ClI)

Age under 30 years 127 16.7 2291 27.6 0.52 (0.43-0.64) p>0.05
HIV infection 225 29.5 1213 14.6 2.45 (2.07-2.89) 1.86 (1.55-2.25)
Disseminated PTB 249 32.7 1479 17.8 2.24 (1.9-2.63) 1.56 (1.3-1.86)
Tuberculoma 11 1.4 459 5.5 0.25 (0.14-0.46) 0.33 (0.18-0.61)
Caseous pneumonia 41 5.4 196 2.4 2.35(1.66-3.32) 1.72 (1.19-2.47)
Lung tissue destruction 377 49.5 2946 35.5 1.78 (1.53-2.06) 1.41 (1.19-1.67)
Bacterial excretion 401 52.6 2670 32.2 2.34 (2.01-2.72) 1.62 (1.36-1.91)
Diabetes mellitus 51 6.7 370 4.5 1.53 (1.13-2.08) p>0.05
COPD 92 121 646 7.8 1.63 (1.29-2.05) p>0.05
CAD and hypertension 90 11.8 538 6.5 1.93 (1.562-2.45) 1.84 (1.44-2.37)
Alcohol abuse 33 4.3 232 2.8 1.57 (1.08-2.28) p>0.05
Drug addiction 22 2.9 102 1.2 2.39 (1.5-3.81) p>0.05
andQSZiigL;:zr?i;g:m 25 33 122 1.5 2.27 (1.47-352) | 1.78 (1.14-2.79)
'&'I‘S"z;:;‘g gallbladder 44 5.8 301 3.6 1.63 (1.18-2.25) p>0.05
Employee 60 7.9 852 10.3 0.75 (0.57-0.98) p>0.05
Retired person 93 12.2 679 8.2 1.56 (1.24-1.96) p>0.05
Permanent resident 409 53.7 3422 41.3 1.65 (1.42-1.91) 1.19 (1-1.42)
Homeless person 94 12.3 685 8.3 1.56 (1.24-1.97) p>0.05
Feign citizen 113 14.8 2711 32.7 0.36 (0.29-0.44) 0.59 (0.46-0.75)

Note: group 1 — TB/COVID-19 patients, group 2 — newly diagnosed patients with tuberculosis and relapses of tuberculosis that have not been added to the TB/
COVID-19 registry. PTB — pulmonary tuberculosis, CAD — coronary artery disease, COPD — chronic non-specific lung diseases.

The analysis of information about patients with tuberculosis
combined with COVID-19, who were entered in the registry,
has shown significant differences in clinical manifestations and
immune status of these patients in the initial and final 2-year
periods of the pandemic.

Table 3 provides the results of testing for immunoglobulins
M (IgM) and G (IgG) obtained when the TB/COVID-19 patients
sought medical care in 2020-2023. These data can show the
phase of the infectious process course at the time when the
patient sought medical care, time since SARS-CoV-2 infection.

Considering provisions of the regulatory documents [1, 6],
detection of IgM and IgG levels below normal (1 and 10,
respectively) can indicate that less than 7 days have passed
since the patient was infected with coronavirus [1, 6, 13-15];
when this IgM level is exceeded and IgG remain within normal
(lgM > 1, IgG within normal range) — that there is acute infection,
and the patient got infected 1-3 weeks ago [6, 14]; when the
levels of immunoglobulins of both classes are elevated — that
the infectious process history is 3—10 weeks [15]; when IgM are
within normal range and IgG are above normal (IgG = 10, IgM
within normal range) — that the patient was exposed to the
virus more than 10-12 weeks ago [15].

Comparison of the 2-year periods (2020-2021 and 2022—
2023) has shown a significantly reduced share of cases with the
IgG and IgM below normal in the second period: 55.4% and
29.3%, respectively (o < 0.05), the decrease in the number of cases
with the combination, when only IgM are above normal (7.4%
and 4.3%, respectively; p = 0.095), and a significantly increased
share of patients with only IgG above normal: 18.6% and 43.0%,
respectively (o < 0.05). Furthermore, the results obtained for
616 patients with concomitant HIV infection were similar.

In Moscow, mass vaccination against novel coronavirus
infection (COVID-19) was started in December 2020. That
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is why patients assigned to the last group (IgG = 10, IgM
within normal range) also could have elevated IgG levels due to
vaccination since 2021. Furthermore, elevated IgG levels can
persist for a long time past novel coronavirus infection (about
6 months or more according to different reports) [14, 16, 17].

The findings reflect the pandemic subsides in 2022-2023
and, to some extent, immunization of the population (and
therefore tuberculosis patients) due to past contacts with
COVID-19 patients and mass vaccination.

The COVID-19 pandemic transformation into routine seasonal
infection in 2022-2023 is also evident from the description of
clinical symptoms and severity of the course of novel coronavirus
infection at the time of case registration.

This registry have been used to monitor the symptoms,
course, clinical variants, and manifestations of novel coronavirus
infection, disease severity in the registered TB/COVID-19 cases
for 4 years (Fig. 3).

While in the first two years of the pandemic dry cough,
feeling of tightness in the chest, and decreased sense of smell
and taste (significance of the decrease in the share of each
symptom; p < 0.05), as well as dyspnea (p = 0.2) prevailed
among the disease symptoms, sore throat and runny nose were
more commonly reported during the next two years (p < 0.05),
i.e. the symptoms of ordinary acute viral infection (Fig. 3A).

Mild COVID-19 cases were significantly more often
registered in the last two years (Fig. 3B). The share of those
increased from 41.6% to 60.9% (p < 0.01), while the share
decreased of both moderate (from 48.2% to 20.6% (p < 0.01))
and severe (from 6.4% to 4.9% (p = 0.19)) COVID-19.

It should be noted that the COVID-19 classification
based on severity changed in accordance with the regulatory
documents [1]. Initially, there were three degrees: mild,
moderate, and severe forms. After Version 5 (08.04.2020) of the
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Fig. 2. Factors associated with the presence of COVID-19 in tuberculosis patients, univariate (A) and multivariate (B) analysis. Odds ratio (OR) of detecting COVID-19
co-infection in the presence of this symptom in a tuberculosis patient or the relationship between this symptom and the fact of having COVID-19 (Moscow, 2020-2023)

Temporary methodological guidelines “Prevention, Diagnosis,
and Treatment of Novel Coronavirus Infection (COVID-19)”
was issued, the classification became as follows: mild course,
moderate course, severe course, extremely severe course.

Furthermore, the decrease in the share of individuals having
the COVID lung damage without respiratory failure from 45.1%
to 17.6% is reported, along with the growth of the number
of cases of COVID upper respiratory tract (URT) lesion: from
47.1% to 64.5% in both cases, p < 0.05 (Fig. 3C).

[t should be noted that 222 patients, who were readmitted
to hospital due to COVID-19 in 2020-2023 had the structure of
the clinical variants and severity of novel coronavirus infection
similar to that reported for primary hospital admissions during
the period of the pandemic subside (2022-2023). The COVID
upper respiratory tract lesions at readmission were reported in
62.2% of cases, COVID lung damage without acute respiratory

failure (ARF) — in 29.2% of cases, and mild-to-moderate
disease course — in 69.8% and 25.0% of cases, respectively.
The share of COVID upper respiratory tract lesions and mild
disease course was higher at readmission (p < 0.05) relative to
the data reported for those, who sought medical care for the
first time, in whom these indicators were 53.3% and 48.8%,
respectively.

The average COVID bed-days of a patient with TB/
COVID-19 decreased every year (from 15.5 days in 2020 to
14.4,12.8, and 10.6 days, respectively, in 2021-2023), which
was due not only to the fact that the course of novel coronavirus
infection (COVID-19) became milder, but also to the fact that
the terms of the COVID-19 convalescent discharge from the
COVID bed for isolation changed.

We conducted analysis of the novel coronavirus infection
treatment outcomes in the tuberculosis patients undergoing

Table 3. Results of immunoglobulin IgM and IgG tests obtained when detecting COVID-19 in patients with tuberculosis (Moscow, 2020-2023)

Both are below IgM >1, 1gG Both are above 1gG =10 IgM
. . > =
Year Total (examination results are lgM =1 lgG =10 normal* normal (<10)** normal.** normal (<1)™**
available upon admission)

Abs. % Abs. % Abs. % Abs. % Abs. % Abs. %

2020 218 51 23.4 65 29.8 134 61.5 19 8.7 32 14.7 33 15.1
2021 337 95 28 143 425 172 50.7 22 6.5 73 21.5 70 20.6

2022 249 70 28 164 65.6 74 29.6 11 4.4 59 23.6 105 42
2023 7 1 12.5 6 75 1 12.5 0 0 1 12.5 5 62.5
Bcero 811 217 26.6 378 46.5 381 46.7 52 6.4 165 20.2 213 26.1

Kk Hkk

Note: * — no more than 7 days have passed since the infection; ** — acute infection, infection history 1-3 weeks.
exposure to the virus took place more than 10-12 weeks ago.

— infection history 3—10 weeks; — body’s
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A Some clinical symptoms of COVID-19

W 2020-2021 W 2022-2023

Dry cough Dyspnea Feeling of Decreased Sore throat Runny nose
tightness sense of smell
B in the chest and taste
COVID-19 severity
M Easy
45.0% 53.0%
B Middle
M Severe
C
2020 2021 2022 2023
Clinical variants of COVID-19
2.2%
ARDS

5.4% 6.8%

17.6%

2020 2021

2022

17.7%
I Covid lung damage with

acute respiratory failure

M Covid lung damage
without respiratory failure

721%

H Covid upper respiratory
tract infection

2023

Fig. 3. Results of monitoring the course of COVID-19 in 1837 patients with TB combined with COVID-19, who were admitted for treatment for the first time in 2020-
2023 in Moscow. Severe cases also include extremely severe COVID-19 (ARDS or pneumonia with ARF and the need for mechanical ventilation)

treatment in Moscow, primarily occupying COVID beds in
hospitals: the share of those cured in 2020-2023 was 84.9%
(95% Cl: 83.2-86.4%), 5.2% were referred to continue
treatment of COVID-19 in outpatient settings, and 9.9%
(95% CI: 8.6-11.4%) died. Given the fact that the patients,
who had mild coronavirus infection or showed regression
of the infection due to treatment, were referred to continue
treatment in outpatient settings after discharge from hospital,
it can be considered that the total share of the patients with
TB/COVID-19 cured is 90.1%.

Three quarters (77.7%) of fatalities were caused by
COVID-19, 8.5% (95% Cl: 4.9-13.5%) — by HIV infection, and
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7.4% (95% Cl: 4.9-13.5%) — by tuberculosis. Other causes of
death accounted for 6.4%.

DISCUSSION

During the pandemic of novel coronavirus infection the
temporary registry of patients having tuberculosis combined
with COVID-19 was realized, which ensured the necessary
control of information about registration, management and
treatment outcomes of the patients.

Successful prompt realization of the TB/COVID-19
temporary registry through efforts of the head anti-tuberculosis
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medical institution of the region became possible due to the
use of flexible software shell of Barclay-SV MDBMS [11]. The
development of this registry represents an example of prompt
modification and development of the regional tuberculosis
surveillance system in cases of challenges in the form of
significant spread of novel hazardous infections. A state
certificate was obtained for the registry.

The registry realized made it possible to perform ongoing
and retrospective assessment of the structure of affected
individuals, determine the factors most strongly statistically
associated with the fact of getting novel coronavirus infection in
tuberculosis patients, such as concomitant disorders, including
HIV infection and pulmonary tuberculosis forms, population
groups. Facts of having HIV infection, CAD and hypertension,
kidney and genitourinary diseases increased the chance of
developing novel coronavirus infection by tuberculosis patients
almost 1.5-2-fold (OR = 1.9, 1.8, and 1.8, respectively), and
disseminated pulmonary tuberculosis, caseous pneumonia,
lung tissue destruction and bacterial excretion increased it
1.4-1.6-fold (OR = 1.6, 1.7, 1.4, and 1.6, respectively).

The registry operation enabled continuous control over the
routing of patients, among whom one fifth were transferred
to the MRCCTC COVID beds from non-tuberculosis medical
institutions, and the treatment outcomes in tuberculosis/

References

1. Profilaktika, diagnostika i lechenie novoj koronavirusnoj infekcii
(COVID-19). Vremennye metodicheskie rekomendacii Minzdrava
Rossii. Versija 1 (29.01.2020) — Versija 18 (26.10.2023).
Dostupno po ssylke: https://minzdrav.gov.ru/ministry/med_
covid19. Russian.

2. Bogorodskaja EM, redaktor. Protivotuberkuleznaja rabota v
gorode Moskve v period pandemii COVID-19 (2020 g.). M.: Izd-
vo «Sputnik +», 2021; 277 s. Russian.

3. Vasileva IA, Testov VV, Sterlikov SA. Jepidemicheskaja situacija
po tuberkulezu v gody pandemii COVID-19 — 2020-2021
gg. Tuberkulez i bolezni legkih. 2022; 100 (3): 6-12. DOI:
10.21292/2075-1230-2022-100-3-6-12. Russian.

4. O vvedenii rezhima povyshennoj gotovnosti. Ukaz Mjera Moskvy
ot 5 marta 2020 g. Ne 12-UM. Dostupno po ssylke: https://www.
mos.ru/authority/documents/doc/43503220/?ysclid=m42ryx
ni7570692807. Russian.

5. Bogorodskaja EM, Belilovskij EM. Jepidemiologija tuberkuleza v
Moskve v period pandemii novoj koronavirusnoj infekcii COVID-19.
Pedagogika professional'nogo medicinskogo obrazovanija. 2022;
1. Dostupno po ssylke: https://www.profmedobr.ru/articles/
jepidemiologija-tuberkuleza-v-moskve-v-period-pandemii-novoj-
koronavirusnoj-infekcii-covid-19. Russian.

6. Ageev FA, Ambrosi OE, Anciferov MB, i dr. Klinicheskij protokol
diagnostiki novoj koronavirusnoj infekcii (COVID-19) u bol'nyh,
nahodjashhihsja na stacionarnom lechenii v medicinskih
organizacijah gosudarstvennoj sistemy zdravoohranenija goroda
Moskvy. Hripun A. ., redaktor. M.: GBU «NIIOZMM DZM», 2021;
32 s. Russian.

7. Bogorodskaja EM. Viijanie pandemii COVID-19 na organizaciju
protivotuberkuleznoj pomoshhi v gorode Moskve. Tuberkulez i
social'no znachimye zabolevanija. 2020; 4: 3-9. Russian.

8. Bogorodskaja EM, Kotova EA. Organizacija protivotuberkuleznoj
raboty v g. Moskve v period pandemii novoj koronavirusnoj
infekcii COVID-19. Protivotuberkuleznaja rabota v gorode Moskve
v period pandemii COVID-19 (2020 g). M.: Izd-vo «Sputnik +»;
2021: 16-30. Russian.

9. Bogorodskaja EM, Kotova EA. Organizacija protivotuberkuleznoj
raboty v gorode Moskve v period prodolzhajushhegosja
rasprostranenija  COVID-19. Protivotuberkuleznaja rabota v
gorode Moskve vo vtoroj god pandemii COVID-19 (2021 g.). M.:

CQOVID-19 patients were as follows: the total share of those
cured reached 90.1%.

The information obtained made it possible to assume termination
of significant effects of the pandemic on public health system in
2022-2023, which could affect distribution of appropriate resources.
The leading clinical symptoms of the infection changed in the last
two years of the pandemic, COVID-19 more often progressed to the
COVID upper respiratory tract lesion, and the share of cases of COVID
lung damage and severe course of novel coronavirus infection was
significantly reduced. Immunological testing performed in patients
also confirmed the fact of getting out of the pandemic since 2022
and gradual formation of population immunity.

CONCLUSIONS

Prompt arrangement of temporary monitoring of the effects of
the novel coronavirus infection pandemic on epidemiology of
tuberculosis has demonstrated the necessary flexibility of the
regional TBSS. Realization of the registry of patients having
the combined tuberculosis/COVID-19 infection in Moscow
has enabled prompt and retrospective analysis of data of the
patients, control over their routing, treatment outcomes, spread
of COVID-19 across tuberculosis patients, and effectiveness of
the applied anti-epidemic measures in general.

MRCCTC Belgorod: KONSTANTA, 2023; s. 17-30. Russian.

10. Kotova EA, Sumarokova EV, Belilovskij EM. Sochetannaja
infekcija COVID-19 sredi bol'nyh tuberkulezom v gorode Moskve.
Tuberkulez i social'no znachimye zabolevanija. 2023; 11 (1): 12—
15. DOI: 10.54921/2413-0346-2023-11-1-12-15. Russian.

11. Belilovskij EM, Borisov SE. Osnovy organizacii sistemy
jepidemiologicheskogo monitoringa tuberkuleza. Sovremennye
problemy zdravoohranenija i medicinskoj statistiki. 2021; 1: 1-26.
Russian.

12. Tadolini M, Codecasa LR, Garcia-Garcia J-M, Blanc F-X,
Borisov S, Alffenaar J-W, et al. Active tuberculosis, sequelae
and COVID-19 co-infection: first cohort of 49 cases. European
Respiratory Journal. 2020; 56 (1): 2001398. Dostupno po
ssylke: https://www.scopus.com/record/display.uri?eid=2-s2.0-
850851932108&origin=inward&txGid=60b5e75024a82cf39dc7d4
888ee584a6.

13. BogorodskayaE, Borisov S, Belilovsky E, Sumarokova E, Chizhova O,
Characteristics of tuberculosis patients co-infected with COVID-19.
European Respiratory Journal. 2021; 58 (65): PA1031. DOI: https://
doi.org/10.1183/13993003.CONGRESS-2021.PA1031.

14. Pashhenkov MV, Haitov MR. Immunnyj otvet protiv
jepidemicheskih koronavirusov. Immunologija. 2020; 41 (1): 5-18.
DOI: 10.33029/0206-4952-2020-41-1-5-18. Russian.

15. Fedorov VS, Ivanova ON, Karpenko IL, lvanov AV. Immunnyj otvet
na novuju koronavirusnuju infekciju. Klinicheskaja praktika. 2021;
12 (1): 33-40. DOI: https://doi.org/10.17816/clinpract64677.
Russian.

16. Novikova LI, Bochkareva SS, Aleshkin AV, Kombarova SYu,
Karpov OYe, Pulin AA, i dr. Dinamika antitel k razlichnym antigenam
koronavirusa SARS-CoV-2 u  bol'nyh s podtverzhdennoj
infekciej Covid-19. V sbornike: Molekuljarnaja diagnostika i
biobezopasnost' — 2020. Vserossijskaja nauchno-prakticheskaja
konferencija s mezhdunarodnym uchastiem (6-8 oktjabrja
2020 goda): sbornik materialov. M.: FBUN CNII Jepidemiologii
Rospotrebnadzora, 2020; s. 159-165. Russian.

17. Tovanova AA. Sozdanie kollektivnogo immuniteta kak osnovnaja
profilakticheskaja mera pri rasprostranenii novoj koronavirusnoj
infekcii (COVID-19). Vestnik Sankt-Peterburgskogo universiteta.
Medicina. 2022; 17 (3): 212-20. DOI: https://doi.org/10.21638/
spbu11.2022.306. Russian.

BECTHUK PIMY | 1, 2025 | VESTNIK.RSMU.PRESS | DOI: 10.24075/VRGMU.2025.003



ORIGINAL RESEARCH | EPIDEMIOLOGY

JNutepatypa

1.

BULLETIN OF RSMU | 1, 2025 | VESTNIK.RSMU.PRESS | DOI: 10.24075/BRSMU.2025.003

[MpochrnaxkTuka, QMarHoCTUKa 1 eYeHne HOBOM KOPOHaBUPYCHOW
nHbexuym (COVID-19). BpemeHHble MeToanHeckme pekoMeHaaLm
MuHaapaea Poccumn. Bepens 1(29.01.2020) — Bepeusa 18 (26.10.2023).
[LoctynHo o cebuike: https://minzdrav.gov.nu/ministry/med_covid19.
Boropopackast E. M., penakTop. MNpoTnBoTybepKynesHas paboTa
B ropoae Mockse B nepuop naHaemumn COVID-19 (2020 r.). M.:
13a-Bo «CnyTHUK +», 2021; 277 c.

Bacunbesa . A., TectoB B. B., Ctepnukos C. A. Onuaemmyeckas
cuTyauys no Tybepkyneay B rogbl naHaemum COVID-19 — 2020—
2021 rr. Tybepkynes 1 6onesHn nerkux. 2022; 100 (3): 6-12. DOI:
10.21292/2075-1230-2022-100-3-6-12

O BBeOeHUM pexxrMa MoBbILLEeHHOM roTOBHOCTU. Yka3 Mapa
Mockabl 0T 5 mapTta 2020 . Ne 12-YM. [JOCTynHO NO CCbISIKe:
https://www.mos.ru/authority/documents/doc/43503220/?ysclid
=m42ryxni7570692807.

Boropoackass E. M., Benunosckun E. M. Snuaemuonorus
TyOepkynesa B Mockse B nepurop, naHaeMiv HOBOV KOPOHaBIRYCHOM
mHdekum  COVID-19.  Teparorvka  npodeccroHanbHOro
MeanuUmMHCKoro obpasoBaHus. 2022; 1. [oCTyrnHO Mo CCbifKe:
https://www.profmedobr.ru/articles/jepidemiologija-tuberkuleza-v-
moskve-v-period-pandemii-novoj-koronavirusnoj-infekcii-covid-19.
AreeB ®. A., Ambpocu O. E., AHumdepos M. B. 1 ap. KnnHuyeckumin
NPOTOKON [AMArHOCTUKM HOBOW KOPOHaBUPYCHOM WHMEKLMN
(COVID-19) y 605bHbIX, HAXOASALLMXCS Ha CTaLMOHAPHOM NeYeHn
B MEeOVLUMHCKNX OpraHn3aumnsx rocyfapCTBEHHON CUCTEMbI
30paBooxpaHeHns ropoda Mocksbl. XpunyH A. V1., pegaktop. M.:
BY «HVO3MM [O3M», 2021; 32 c.

Boropoackas E. M. BnusaHve naHgemun COVID-19 Ha
opraHvsauuio  NpoTUBOTYOEpKyNe3Ho MOMOLLM B ropofe
MockBe. Tybepkynea 1 colmanbHO-3Ha4YnMble 3ab0oneBaHus.
2020; 4: 3-9.

Boropoackass E. M., KortoBa E. A. OpraHusauus
npoTUBOTYOEpPKynesHo pabotel B I Mockee B nepuop
naHoeMuM HOBOW KOPOHaBMpycHo UWHdekumn COVID-19.
[MpoTnBoTYHEPKYNE3Hasa pabota B ropoae MockeBe B mnepuof,
naHoemn COVID-19 (2020 ). M.: 3a-Bo «CriyTHUK +»; 2021: 16-30.
Boropoackas E. M., KotoBa E. A. OpraHuzauus
npoTUBOTYOEpPKyne3Ho paboTel B ropoge MockBe B
nepuon npopomkarollerocs pacnpocTpaHeHns COVID-19.
[MpoTrBOTYOEPKYNE3HasA paboTa B ropoae MockBe BO BTOPOM
ron, naHoemun COVID-19 (2021 ). M.: MHIMUBT Benropoga:

10.

11.

12.

13.

14.

15.

17.

KOHCTAHTA, 2023; c. 17-30.

KotoBa E. A., Cymapokosa E. B., Bennnosckuii E. M. CoyeTaHHast
nHdekums COVID-19 cpean 60nbHbIX TyOepKynesomM B ropoae
Mockee. Tybepkynes 1 couumanbHo 3HauYMble 3aboneBaHus.
2023; 11 (1): 12-15. DOI: 10.54921/2413-0346-2023-11-1-12-15.
Benunosckuin E. M., Bopucos C. E. OcHOBbI opraHusaLmn
CUCTEMbI 3MMAEMMONIONMHYECKOrO MOHUTOPUHIa Tybepkynesa.
CoBpeMeHHble NPobneMbl 34pPaBOOXPaHEHNST U MEANLIMHCKOW
cTtatncTukun. 2021; 1: 1-26.

Tadolini M, Codecasa LR, Garcia-Garcia J-M, Blanc F-X,
Borisov S, Alffenaar J-W, et al. Active tuberculosis, sequelae
and COVID-19 co-infection: first cohort of 49 cases. European
Respiratory Journal. 2020; 56 (1): 2001398. docTynHo no
cebinke:  https://www.scopus.com/record/display.uri?eid=2-
52.0-850851932108&origin=inward&txGid=60b5e75024a82cf39
dc7d4888ee584a6.

Bogorodskaya E, Borisov S, Belilovsky E, Sumarokova E, Chizhova O,
Characteristics of tuberculosis patients co-infected with COVID-19.
European Respiratory Journal. 2021; 58 (65): PA1031. DOI:
https://doi.org/10.1183/13993003.CONGRESS-2021.PA1031.
MawerHkos M. B., XantoB M. P. VIMMyHHbIN OTBET MNpPOTUB
3ANNAEMNYECKINX KOPOHaBMpPYyCcoB. ViIMmyHonorns. 2020; 41 (1):
5-18. DOI: 10.33029/0206-4952-2020-41-1-5-18.

®enopos B. C., VeaHosa O. H., Kapnenko W. J1., ViBaHos A. B.
VIMMYHHBI OTBET Ha HOBYIO KOPOHABUPYCHYK WHMEKLMIO.
KnuHudeckass npaktuka. 2021; 12 (1): 33-40. DOL:
https://doi.org/10.17816/clinpract64677.

Hosukosa J1. ., Bodkapesa C. C., AnelkvH A. B., Kombaposa C. HO.,
Kaprnos O. 3., MynuH A. A. n gp. OuHamvka aHTuTen K
pasnuyHbIM aHTUreHam kopoHasupyca SARS-CoV-2 y 605bHbIX
c noaTBepxaeHHon WHdekumen Covid-19. B cbopHuKe:
MonekynspHas auarHocTika u 6uobesonacHocTe — 2020.
Bcepoccuinickaa  Hay4HO-NpakTudeckas KoHgepeHuns ¢
MeXayHapoaHbIM  ydacTvem (6-8 okTabps 2020 ropa):
cbopHuk matepuanos. M.: ®BYH LHWN 3Snupemmonorum
PocnoTtpebHansopa, 2020; ¢. 159-165.

ToaHoBa A. A. CoagaHve KOMNeKTUBHOMO MMMYHUTETa Kak
OCHOBHas MpodunakTnieckass mMepa npu pacrnpoCTpaHeHun
HOBOWI KOpOHaBupycHol nHdekLmm (COVID-19). BecTHnk CaHKT-
[NeTepbyprckoro yHmBepcuTeTa. MeguumHa. 2022; 17 (3): 212-
20. DOI: https://doi.org/10.21638/spbu11.2022.306.




