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ABSTRACT

Background. Tuberculosis (TB) infection remains relevant as one of the leading
public health problems in Russia.

The aim. To characterize the dynamics and trends of epidemiological manifesta-
tions of TB infection in the Omsk region.

Materials and methods. An observational descriptive-evaluative epidemiologi-
cal study was carried out in the Omsk region from 2009 to 2021. The data available
in the Federal statistical observation forms NN 7, 8, and 33, and results of the bacte-
riological study of patients with respiratory TB were analyzed.

Results. In the Omsk region, an improvement in the epidemiological situation
was observed from 2009 to 2021. It was associated with a decrease in TB prevalence
by 3.7 times (from 325.6 to 86.7), mortality — by 5.8 times (from 21.1 to 3.6), incidence —
by 2.7 times (from 130.7 to 48.4 per 100,000). At the same time, proportion of mi-
croscopy/culture-positive patients infected with multidrug-resistant Mycobacterium
tuberculosis strains increased from 9.2 to 29.8 % among all patients, and from 15.5
to 30.6 % among newly diagnosed patients. There was a trend towards an increase
in the number of cases with primary extensive drug resistance of M. tuberculosis.
The incidence of tuberculosis associated with HIV infection has increased 10 times
and reached 15.6 per 100,000 population.

Conclusions. Inthe Omsk region, there is a change in the structure of M. tubercu-
losis strains with a predominance of multiple and extensive drug resistance along
with decrease in TBincidence and mortality. New approaches are needed to organize
the system of epidemiological surveillance and control of TB infection.

Key words: tuberculosis, incidence, prevalence, drug resistance, M. tuberculosis,
HIV infection

For citation: Kostyukova l.V., Pasechnik O.A., Mokrousov L.V. Epidemiological manifesta-
tions of tuberculosis infection in the Omsk region: dynamics and trends. Acta biomedi-
ca scientifica. 2023; 8(2): 263-271. doi: 10.29413/ABS.2023-8.2.26

263



KocTiokoBa U.B. 7,
NaceuHnk O.A. 2,
Mokpoycoe U.B. 3

T BY300 «KnuHuueckun
NPOTUBOTY6ePKYNEIHBIN AUCNaHCEP»
(644058, . OmcK, yn. LlenuHHas, 2, Poccun)
2 OrbOY BO «OMCKIi1 roCyAapCTBEHHbII
MeANLMHCKUI yHnBepcuTeT» MH3apaBa
Poccnm (644099, r. OmcK, yn. JleHuHa, 12,
Poccunsa)

3 ®OBYH «CaHkT-TeTepbyprckui
Hay4YHO-MCCNefoBaTeNIbCKUA UHCTUTYT
3aNNZEMUONOTN U MUKpobronorum
nmeHu MNactepa» (197101,

r. CankT-lMeTepbypr, yn. Mupa, 14, Poccua)

ABTOp, OTBETCTBEHHbDIN 33 MEPENUCKY:
MNaceuHuk OKcaHa AnekcaHApPOBHa,
e-mail: opasechnik@mail.ru

(7atba nonyyeHa: 29.10.2022
(7atba npuHATa: 21.02.2023
(raTba onybnukoBaHa: 05.05.2023

PE3IOME

O6ocHosaHue. TybepkynésHas UHpeKyusa CoOXpaHaem C80l0 AKmMyaabHOCMb
KAk 00Ha u3 sedyujux npobsiem obwecmseHHo20 30pasooxpaHeHus Poccuu.
Lenob uccnedosaHusa: xapakmepucmuka OUHAMUKU U meHOeHUyul 3nudemuo-
Jio2uyeckux nposssieHuli mybepkynésHol uHgekyuu Ha meppumopuu Omckou
obnacmu.

Memooel. posedeHo HaboOamesibHoe onUCamesibHO-oUeHOYHoe SNUOeMUo-
Jloeuyeckoe ucciedosaHue Ha meppumopuu Omckol obracmu 3a nepuoo ¢ 2009
no 2021 . iccnedosaHsl 0aHHble cmamucmuy4eckux omyémHoeix gpopm NO 7, Ne 8
u Ne 33, pesynemamesi 6akmepuozpamm 60s16HbIX MybepKy1E3oM.
Pesynemamel. Habno0anoce ynydweHue 3nudemuosioeudeckol cumyayuu,
CB8A3AHHOE C COKpaujeHuem pacnpocmpaHéHHocmu mybepkynésHol uHpekyuu
8 3,7 pasa (c 325,6 8 2009 2 do 86,7 8 2021 2.), cMepmHocmu om my6epkynésa —
8 5,8 paza (c 21,1 0o 3,6 Ha 100 meic. HaceneHus), 3abonegaemocmu — 8 2,7 pasa
(c 130,7 0o 48,4 cnyyas Ha 100 meic. HaceneHus). Bmecme ¢ mem ommeyeHo
usmMeHeHUe CmpyKmypebl CJlyuydes UHpeKkyuU — 8 KOHMuUHzeHme 60s1bHbIX mybep-
Kynésom 0osia bakmepuossidesiumesnet wmammos Mycobacterium tuberculosis
C MHOXecmeeHHoU siekapcmeaeHHoU ycmoudusocmesio (MJ1Y) eo3pocnia 6osee uem
8 3 paza (c 9,2 00 29,8 %), 0o/ 8nepsvble 8bis8IeHHbIX 6bakmMepuosbioeumernel
wmammos c MJ1Y so3pocnac 15,5 0o 30,6 %. OmmeyeHa meHOHUYUS K y8esludeHUo
Ko/iu4decmaa csy4aes ¢ nep8uyHol WUpoKoU 1ekapcmaeHHoU ycmou4yusoCcmoio
M. tuberculosis. 3abonesaemocme mybepkyné3om, couemarHsim ¢ BUY-uHpekyued,
so3pocsna g 10 pas (0o 15,6 ciydas Ha 100 meic. HaceneHusl).

3aknouyeHue. B Omckol obnacmu Habswodaemcsa usMmeHeHUe CMpyKmypel
b6akmepuosbiOesieHUs ¢ npeobnadaHuem MHOXecmeeHHOU U WUpoKoU fiekap-
cmeeHHoU ycmoliyugocmu Ha (hoHe MeHOeHYUU K CHUXeHUo 3abosesaemocmu
U cMepmHocmu HaceneHus om mybepkynésa. Tpebyemca cosepwieHcmeosaHue
OpeaHU3ayuu cucmemsl 3NUOEMUOII02UYeCK020 HA030pa U KOHMPOJIA 3a mybep-
KynésHol uHgpekyued.

Kniouyesnle cnosa: mybepkynés, 3a60/1eeaemocms, pacnpocmpaHEHHOCMS,
nekapcmeeHHas ycmoutyugocme, M.tuberculosis, BUY-uHpexkyus
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OBJECTIVES

Tuberculosis (TB) infection remains relevant as one
of the leading public health problems. Worldwide, about
10 million new cases of tuberculosis have been reported
annually in recent years, which were 127 (114-140) cases
per 100,000 population in 2020 [1].

The World Health Organization has set a global
goal of eliminating tuberculosis by 2035 [2], and efforts
to improve the system of tuberculosis care and increase
the coverage of the population with measures intended
for preventing care and avoiding the spread of tubercu-
losis have allowed the world community to save an esti-
mated 63 million lives by 2020 [3].

The estimated number of tuberculosis cases in the Eu-
ropean Region of the World Health Organization has been
consistently decreasing since 2000. The average annual
decrease in TB incidence was 5.2 % in the period between
2011 and 2020 and 6.4 % in 2019-2020, which is much high-
er than the global rate of decrease in TB incidence (1.9 %)
and is an example of the fastest rate of decrease worldwide
compared to other regions [4].

The epidemiological situation in the Russian Feder-
ation has improved significantly, with a significant de-
crease in the incidence of tuberculosis among the popu-
lation, which characterises the epidemic situation. How-
ever, the increasing number of patients with multidrug-
resistant and extensively drug-resistant tuberculosis
(MDR/XDR) and HIV infection has an extremely negative
impact [5].

Molecular epidemiological studies conducted in Rus-
sia during the past 20 years emphasize the special role
of the dominant strains of Mycobacterium tuberculo-
sis of the Beijing genetic family, which is characterized
by a generally strong association with multidrug resist-
ance [6, 7]. The results of a study conducted in the Omsk
region made it possible to characterize the genetic di-
versity of M. tuberculosis strains circulating in the region
and also to establish the leading role of the Beijing genetic
family (65.6 %) [8]. In the population structure of the Bei-
jing M. tuberculosis genetic family in the Omsk region,
strains of modern sublineage (86.3 %), in particular clus-
ters 94-32 (60.7 %) and BO/W148 (25.0 %) prevailed [7].
Cluster 94-32 strains were characterized by a high lev-
el of multidrug resistance (53.8 %). The proportion of an-
cient sublineage strains was higher than in other regions
of Russia and amounted to 13.7 %. Particular clinical rel-
evance has been shown for ancient sublineage strains
of genotype Beijing, 52.5 % of which were character-
ized by pre-extensive and extensive drug resistance [7].
Among the dominant strains of modern Beijing sublin-
eage, the BO/W148 and 94-32 clusters can be observed,
in which 33 and 12.4 % of the strains had pre-extensive
and extensive drug resistance [8].

Considering the relevance of the co-epidemic
processes of tuberculosis and HIV infection, criteria
were previously proposed to assess the impact of HIV
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infection on the development of the tuberculosis epi-
demic process. Simultaneous development of epidem-
ic processes of tuberculosis and HIV infection, high ac-
tivity of epidemic processes of both infections with in-
volvement of the general population, as well as pos-
itive statistically significant correlations of incidence
and prevalence rates indicate the integration of the ep-
idemic processes of HIV infection and tuberculosis and
require additional assessment of the quality of preven-
tive and diagnostic measures [9]. Among TB patients
combined with HIV infection, the primary MDR rate
reached 31.3 % in Russian regions with high HIV prev-
alence [10, 11]. Among the deceased patients with co-
morbidities, multidrug resistance represented 40 %,
and the efficacy of treatment of such patients was low
and did not exceed 7.3 % of patients [10].

The aim of this study aimed to describe the dynamics
and trends of epidemiological manifestations of TB infec-
tion in the territory of the Omsk region over a multi-year
period (2009-2021).

MATERIALS AND METHODS

The study is based on the observation of the epidem-
ic process of TB infection in the Omsk region. Retrospec-
tive epidemiological analysis of incidence of tubercu-
losis among the population has been carried out using
data from statistical reporting forms No. 7-TB “Informa-
tion about newly diagnosed patients and relapses of tu-
berculosis disease”, No. 8 “Information about incidence
of active tuberculosis”, No. 33 “Information about tuber-
culosis patients» over the period 2009-2021. Disease in-
cidence and disease prevalence, as well as extensive in-
dicators characterizing the structure of incidence have
been evaluated.

Trends in the development of the epidemic pro-
cess were determined by straight-line equalization
of the dynamic series of indicators using the least
squares method and calculation of the coefficient of de-
termination (R2).

Bacteriological examination of patients, determination
of the sensitivity spectrum of isolated Mycobacterium tu-
berculosis strains to the anti-tuberculosis drugs was car-
ried outin accordance with the standard procedure of mi-
crobiological examination [12].

To compare demographic and clinical and ep-
idemiological characteristics of two cohorts of pa-
tients newly diagnosed in 2009 (n = 2638) and in 2021
(n=922),the PR prevalence ratio and its confidence in-
tervals (Cl) were calculated. Among the factors evaluat-
ed were gender, age, place of residence, clinical form
of the disease, HIV status, massiveness of bacteriuria,
and drug resistance pattern observed in patients dis-
charging bacteria.

Data analysis was performed using Microsoft Of-
fice 2010 application (Microsoft Corp., USA).



RESULTS

The dynamics of TB infection prevalence in the Omsk
region was characterized by a pronounced trend to-
wards a decrease in the number of cases. The TB prev-
alence rate decreased by 3.7 times (from 325.6 in 2009
to 86.7 in 2021), and the patient cohort under follow-up
medical care included 1,651 patients at the beginning of
2022 (Fig. 1). It should be noted that in the last two years
the number of TB patients has not significantly changed,
in 2020 the prevalence rate decreased by 24.3 % as com-
pared to 2019 and amounted to 84.3 per 100 thousand
population, and in 2021 it increased by 2.8 %.

The multi-year dynamics of tuberculosis incidence
in population have had a similar trend, in 2021 the low-
est incidence rate was observed (48.4 per 100,000 popu-
lation), which is 2.7 times lower than in 2009 (2,638 cases),
and 1.7 times lower than the average annual rate (83.9 cas-
es per 100,000 population).

The mortality rate of the population caused by tubercu-
losis decreased 5.8 times, from 21.1 cases per 100,000 popu-
lation (n =289) to 3.6 (n =68) cases per 100,000 population.

The incidence of bacteriologically proven tubercu-
losis decreased less intensively; thus, during the ana-
lysed period, the incidence of bacillary forms of tubercu-
losis decreased from 47.4 to 26.3 cases per 100,000 popu-

325,6
7000 ® 2056 350
. 6000 | M---. e 2747 300
g 0% | W , 5
5000 R 250 B
§ ! Q-Q@s....].94g 3
8 4000 | B B OB OB gttt e, 1 _?:5:.9 164 200 8_
M B B B e » o
S 3000 21338 1345 150 S
8 - 104,8 843 86.7 8
E20| M ® B B B B B B B B &G : | 100 T
- I B B B B BN B B EE B T e 5]
1000 I I l 50 ©
0 0
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Emmm number of cases
per 100 000 population
------ linear (per 100 th. population)
FIG. 1.

Dynamics of the spread of tuberculosis infection in the Omsk region (per 100,000 population, 2009-2021)

140 , 130,7
120
C
o
= 100 R2=0,9243
=
Q.
g 80
S 52
S 60 | 474 48,4
S . 396 401 402 agq g5 439 443 426 396 .
S 4 Tt genenesngeeeeesogpaeri s Moo, M el 225 263
5 M A LR R TR YW 4]
o [
20 R2=10,4672
0
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
={J==tuberculosis incidence m— bacillary forms
= = - linear (tuberculosis incidence) +sessee linear (bacillary forms)
FIG. 2.

Dynamics of the incidence of tuberculosis in the population of the Omsk region (2009-2021)

266



lation, while the average annual rate was 38.7 cases
per 100,000 population (Fig. 2).

The epidemic process of tuberculosis in the Omsk re-
gion was characterized by a number of qualitative changes.
Thus, since 2009, the proportion of MDR bacterial excretion
in the structure of bacteriological excretion among new-
ly diagnosed TB cases has doubled from 13.1 % to 26.4 %
(Fig. 3). Between 2016 and 2020, the proportion of MDR cas-
es among newly diagnosed TB patients discharging bacte-
ria averaged 30.5 %.

During the analyzed period, the average annual in-
cidence of MDR-TB was 8.2 diagnosed in the population
was 8.2 cases per 100,000 population. In the period be-
tween 2009 and 2014, the dynamics of MDR-TB incidence

was stable (annual average — 7.2 cases per 100,000 popula-
tion);in 2015-2016, the incidence increased to an average
of 10.5 cases per 100,000 population. Incidence has been
declining since 2017, with a yearly average of 8.6 cases
per 100,000 population, reaching a rate of 6.5 TB cases
per 100,000 population in 2021.

In the Omsk region, the prevalence of MDR-TB tend-
ed to decrease (Fig. 4). At the same time, the proportion
of MDR strains of M. tuberculosis among patients with active
tuberculosis under follow-up medical care more than tri-
pled from 9.2 % (606/6565) to 29.8 % (478/1651), although
atthe end of 2021, only 66.2 % (478/721) of bacterial excre-
tors under follow-up care were isolating MDR strains, twice
as many as in 2009 (32.6 %).
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Changes in the incidence pattern of TB infection
were evaluated by comparing two patient cohorts
who were first diagnosed with active TB in 2009 and 2021,
i. e. at the beginning and end of the study period.

The evaluation revealed statistically significant dif-
ferences in the groups of newly diagnosed patients.
By the end of the study period, there was a statistically sig-
nificant increase in the proportion of males among TB cas-
es, rising from 67.1 % in 2009 to 71.9 % in 2021 (PR =0.79;
95% Cl: 0.67-0.94).

The age structure of TB patients has changed, the pro-
portion of young population decreased: adolescents
from 1.9 % to 1.0 % (PR = 0.56; 95% Cl: 0.27-1.16), 18-
24-year age group individuals from 28.6 % to 16.8 %
(PR =0.11; 95% Cl: 0.07-0.18), 25-34-year age group
from 15.6 % to 2.0 % (PR = 0.5; 95% Cl: 0.41-0.61). Howev-
er, there was a 2-fold increase in the proportion of the 35—
44 years age group, from 17.9 % to 35.1 % (PR =2.48; 95% Cl:
2.1-2.9).

Newly diagnosed patients were represented predom-
inantly by urban residents, with a statistically significant
increase in their proportion over the period under study,
from 68.5 % to 74.2 % (684/922) (PR = 0.46; 95% Cl: 0.39-
0.54).

Clinical forms of tuberculosis were characterized
by an increase in the proportion of respiratory tubercu-
losis increasing from 97.6 % to 99.1 % (PR = 0.37; 95% Cl:
0.17-0.77), with a decrease in the proportion of tuberculosis
of extrapulmonary localizations to 0.9 %in 2021 from 2.4 %
in 2009. The proportion of destructive forms of TB decreased
from 42.2 % (840/1989) to 37.8 % (288/761) (PR=1.2;95% Cl:
1.01-1.42). The proportion of fibrous cavernous tubercu-
losis in the structure of respiratory tuberculosis decreased
by a factor of 8.6 t0 0.5 % (4/761) compared to 4.3 % in 2009
(PR =0.12;95% Cl: 0.04-0.35).

It should be noted that by the end of the follow-
up period, the proportion of HIV-infected patients
in the group of newly diagnosed patients significantly
increased, which largely determined the clinical forms
of tuberculosis and the characteristics of bacterial ex-
cretion. Among TB patients who underwent screening
for human immunodeficiency virus antibodies, the pro-
portion infected with HIV was 37.0 % (298/804) compared
to 1.5%in 2009 (34/2160) (PR =36.8; 95% Cl: 25.4-53.19).
The incidence of tuberculosis combined with HIV infec-
tion has increased almost 10-fold since 2009, reaching
15.6 cases per 100,000 population in 2021 against 1.6 cas-
es per 100,000 population.

The proportion of bacteria-excreting patients among
newly diagnosed patients increased from 43.6 % to 54.5 %
(PR=0.64; 95% Cl: 0.55-0.750), with bacterial excretion be-
ing diagnosed by simple bacterioscopy in 36.2 % of cases
(334/922) at the commencement of treatment compared
with 34.2 %in 2009 (904/2638) (PR=1.09; 95% CI: 0.93-1.27).

The proportion of bacteriologically proven MDR M. tu-
berculosis strains doubled from 15.5 % to 30.6 % (PR=0.42;
95% Cl: 0.31-0.55).
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In 2021, the pattern of drug resistance among newly di-
agnosed patients excreting bacteria who have been exam-
ined for drug susceptibility in 2021 is represented by 13.9%
mono-resistant strains (33/237), 18.1 % poly-resistant strains
(43/237), 54.8 % MDR strains (130/237), and 13.0 % XDR
M. tuberculosis strains (31/237). The incidence of tuberculo-
sis with XDR increased 4-fold in follow-up control for the pe-
riod 2011-2021 and amounted to 1.6 cases per 100,000 pop-
ulation, while the average annual level was 1.1 cases per
100,000 population.

In the contingent of patients discharging bacteria ex-
amined for drug sensitivity, the proportion of bacteriologi-
cally proven strains with MDR was 15.7 % (152/966), pre-ex-
tensive drug resistance — 30.4 % (294/966), extensive drug
resistance — 27.3 % (264/966).

DISCUSSION

The complex of measures to control TB infection ac-
tively implemented in our country over the past two
decades has contributed to a decrease in the intensity
of the epidemic process, which manifests itself in a de-
crease in the number of patients annually diagnosed,
as well as in the patient cohort as a whole. In our study,
the dynamics of population incidence of active forms
of tuberculosis decreased by more than 3 times. By 2020,
the target indicators of the first stage of implementation
of the Strategy for TB elimination in relation to the baseline
level of 2015 [2], which is the starting point for analyzing
the effectiveness of the WHO global strategy implementa-
tion, were achieved in the Omsk region and reached 36.9 %
(target indicator — decrease of TB incidence by 20.0 %
by 2020), 85.8 % (target indicator — decrease of deaths
by 35 % by 2020).

Although the worldwide incidence of tuberculosis
has generally declined, the incidence of multidrug-re-
sistant tuberculosis has increased by almost 10 % annu-
ally [3, 13].

The current trend of increasing incidence of multiple
or rifampicin-resistant tuberculosis remains a hot public
health problem. In 2020, the global rate of effective treat-
ment of drug-resistant TB remained only 59 % of cases,
which is a heavy economic burden on health systems, pa-
tients and their families, and reduces the effectiveness
of TB control measures in different regions and countries
worldwide [3, 14].

Russia has experienced a significant portion
of the worldwide burden of drug-resistant tuberculo-
sis [4, 5, 15]. Our study revealed a change in the nature
of bacteriological excretion among newly diagnosed
patients; despite the decrease in the number of de-
tected cases in the structure of drug resistance, a more
than 2-fold increase in the proportion of multidrug-re-
sistant bacteriological excretion (up to 26.4 %) was ob-
served, while the dynamics of the incidence of multid-
rug-resistant tuberculosis in the population remains sta-



ble with along-term average of 8.1 cases per 100,000 pop-
ulation (R? = 0.161). In addition, at the end of the study
period in the Omsk region, 66.2 % of culture-positive pa-
tients had MDR strains.

The results of the study showed that during the
period of observation in the Omsk region the age
group at risk has changed, the highest incidence rate
was among persons between 35 and 44 years of age,
the proportion of which was 35.1 %, and the incidence
rate was 109.0 per 100,000 population of this age. In ad-
dition, those aged 35-44 years in the Omsk region
are a group at risk of HIV infection; in 2021, the propor-
tion of this age group in the age structure of HIV-infect-
ed people was 42.9 % [16]. The increasing burden of co-
infection of tuberculosis and HIV infection is confirmed
by a 10-fold increase in the incidence of comorbidity
over the study period.

It should be noted that the epidemiological man-
ifestations of TB infection were significantly influ-
enced by the epidemic process of the new coronavi-
rus infection COVID-19. A study of the clinical struc-
ture of newly diagnosed TB patients in the country dur-
ing the COVID-19 pandemic revealed a worsening of
the clinical forms of TB and an increase in their epidem-
ic risk [17]. In our study, there was a statistically sig-
nificant increase in the proportion of newly diagnosed
patients discharging bacteria from 43.6 % to 54.5 %
(PR =0.64), including those detected by simple bacte-
rioscopy to 36.2 % (PR = 1.09). At the end of the study,
despite a statistically significant increase in the pro-
portion of respiratory tuberculosis cases, no worsen-
ing of the clinical structure of the patients was ob-
served, the proportion of destructive forms of respir-
atory tuberculosis and fibrous cavernous tuberculosis
decreased significantly.

CONCLUSION

Despite the observed favourable trends in the devel-
opment of the tuberculosis epidemic process, decrease
in thetuberculosis incidence, prevalence and mortality,
there is a change in the structure of bacterial excretion
with the prevalence of multiple and extensive drug re-
sistance, as well as active involvement of HIV-infected
patients in the epidemic process. For further timely as-
sessment and prognosis of the manifestations of the ep-
idemic process of TB infection, as well as to character-
ize the quality and effectiveness of preventive and an-
ti-epidemic measures under conditions of drug-resist-
ant TB extension, it is necessary to improve the organ-
ization of the system of epidemiological surveillance
and control of TB spread.
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