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ABSTRACT. Despite the achieved success in the fight against tuberculosis, the disease remains an immediate problem for a 
number of countries including Russia. To a large extent, the reasons for the high incidence and mortality of the population 
are not only medical but also social in nature, which leads to the emergence of geographical patterns in the spread of the 
disease. The purpose of the study is to identify the spatio-temporal conditions that shape the epidemiological situation of 
tuberculosis in Russia at both the national and regional levels. Using GIS technologies, an analysis of the current spread of 
the infection in the Russian Federation was carried out based on data for the period from 2006 through 2017. Typological 
classification of regions according to the dynamics and magnitude of the incidence rate has been developed. Based on the 
cartographic analysis that was carried out, regions with the most unfavorable tuberculosis situation in the Russian Federation 
were identified for a more detailed study at the municipal level.
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INTRODUCTION

 Tuberculosis is one of the most pressing and 
challenging health issues in the world as well as a socio-
medical problem for many countries. Tuberculosis affects 
1/3 of the world population (Shelkova, Romanenko 2013). 
According to the World Health Organization (WHO), 7.1 
million people were diagnosed with TB for the first time in 
2019 and up to 7.0 million – in 2018, which is a large increase 
from 6.4 million in 2017 and 5.7–5.8 million annually in 
the period 2009–2012 (Global tuberculosis report 2020). 
The infection returns to industrialized countries in a more 
severe and life-threatening form (Vasilieva et al. 2017). 
People are generally susceptible to tuberculosis, as only 
1–3% of people have a genetically determined resistance 
to the pathogen (Shelkova, Romanenko 2013).
 The goal set by the World Health Organization for the 
world community is to constantly reduce mortality and 
incidence among the population. It is planned to reduce 
mortality by 2025 by 75% compared to 2015 and incidence 
by 50% (The WHO End TB ... 2014; Krasnov et al. 2016). In 
that context, a significant number of recent studies have 

been devoted to the diagnosis, prevention and treatment 
of tuberculosis including latent forms, as well as the study 
of the body’s reactions to the pathogen (Berry et al. 2013; 
Alsultan, Peloquin 2014; Lee et al. 2015; Lyon, Rossman 
2017; Manina et al. 2017).
 Among other things, there is a severe problem of the 
combination of HIV infection and tuberculosis. According 
to WHO, most of the countries with significant HIV/TB 
coinfection are located in Africa, the Republic of South Africa 
being one of the most affected countries (Global tuberculosis 
report 2020). A particular danger in this case is the difficulty 
of diagnosing tuberculosis in patients with HIV which, as a 
result, leads to a high mortality rate (Hosseinipour et al. 2016; 
Mbu et al. 2018). The problem of coinfection of these two 
diseases is also associated with the currently topical issue of 
drug resistance of the causative agent of tuberculosis and the 
need to create new drugs.
 The Russian Federation is among the countries most 
severely affected by tuberculosis as every third patient in the 
WHO European Region is from Russia (Vasilieva et al. 2017). On 
average, more than 100 new cases of the disease appear and 
about 20 people die of tuberculosis daily in Russia (Nechaeva 
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2018). In 2017, 70.9 thousand people with active tuberculosis 
were registered on the territory of the Russian Federation (the 
diagnosis was established for the first time in their lives) i.e. 
48.3 cases per 100,000 people (Healthcare in Russia 2019). 
Young children are most susceptible to the disease, especially 
in the first months of their lives. The main source of infection 
for them are adults suffering from tuberculosis in active 
phases (Shelkova, Romanenko 2013).
 Russia is a country with a high incidence of both common 
tuberculosis (TB) and multidrug-resistant tuberculosis (MDR-
TB) (Global tuberculosis report 2020). In subsequent years, 
the detection and control of multidrug-resistant tuberculosis 
will be the main focus of research both in Russia and abroad 
(Chung-Delago et al. 2015; Barkanova et al. 2018; Girum et al. 
2018).
 The importance of studying the spatial patterns of the 
infection spread is closely connected to the impact that the 
external environment has on the human body. The strategy 
for solving the priority tasks in the spheres of social policy and 
healthcare should be based on knowledge of the geography 
of various indicators of the epidemiological situation.
 There is an obvious need to fill the existing gap in the study 
of spatially differentiated levels in the Russian Federation, both 
national and regional. Without the compilation of modern 
maps representing incidence and mortality in Russia as a 
whole and in individual regions, in particular, it is impossible 
to provide information support for high-quality monitoring 
of the epidemiological situation.
 World Health Organization has assigned itself a task to 
ensure a wide exchange of experience in studying the level 
of health of the world population and introducing the best 
examples of health care organizations based on science-
based preventive measures (The End TB Strategy 2014). The 

experience of South Africa, a country also struggling with 
the control and prevention of tuberculosis, will contribute to 
similar programmes in the Russian Federation. The methods of 
spatial medical-geographical analysis developed and applied 
in the Russian Federation can in turn inform geographically 
differentiated tuberculosis prevention measures in South 
Africa and elsewhere.
 The purpose of this study is to identify the spatio-
temporal features of the current epidemiological situation 
of tuberculosis in the Russian Federation in order to develop 
targeted preventive measures in the fight against the most 
lethal global infectious organism (World Health Organization 
2020)

MATERIALS AND METHODS

 The territory of Russia is divided into 85 federal subjects 
(hereinafter territorial units -TU): oblasts, republics, krais, 
autonomous oblasts, autonomous okrugs and federal cities 
(Fig. 1). The study used primary statistical information on 
incidence and mortality due to tuberculosis in the Russian 
Federation for the period from 2006 through 2017. Data 
were collected at the national level for each of the 85 regions 
of the Russian Federation from various sources, including 
publicly available statistical digests, information materials and 
articles by the Federal State Statistics Service (Rosstat), the 
Ministry of Health of the Russian Federation, Federal Research 
Institute for Health Organization and Informatics of Ministry 
of Health of the Russian Federation, The Moscow Research 
and Clinical Center for Tuberculosis Control of the Moscow 
Government Department of Health and Research Institute of 
Physiopulmonology at Sechenov University.
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Fig. 1. Federal subjects of the Russian Federation
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 Authors selected the following indicators, expressed 
in absolute values and per 100,000 population, that reflect 
the current situation of tuberculosis in Russia to the fullest 
extent: the incidence of all forms of tuberculosis, incidence 
of pulmonary tuberculosis, incidence of tuberculosis 
in children and mortality from tuberculosis and other 
consequences.
 The calculation of standardized mortality rates (Everitt, 
Skrondal 2010) was carried out according to a direct 
standardization method based on the information on 
the absolute number of deaths from tuberculosis in the 
regions of the Russian Federation. This was implemented 
to eliminate the influence of the age and sex structure of 
the population. All the collected statistical materials were 
combined into one database in the form of attribute tables 
in the QGIS software. The resulting database became the 
basis for creating GIS layers (QGIS), which were then used 
to produce a series of analytical and typological maps for 
the period from 2006 to 2017.
 This was followed by a more detailed dynamic 
typological classification for all of the regions of the Russian 
Federation for each of the analyzed indicators, which was 
made using the original classification algorithm with 
several sequential operations: normalization, weighting 
and dimensionality reduction for the data, all carried out by 
variances and mathematical expectations (Tikunov 1997). 
This made it possible to clarify the spatio-temporal pattern 
of the distribution of the incidence and mortality rates. The 
principal component analysis was applied to correct the 
original space of features distorted by cross-correlations as 
well as to identify latent variables that reflect the essence 
of a process or phenomenon.
 In the applied typological algorithm, the entire set 
of parameters for any territorial unit (TU) is denoted by 
X={x1,…,xN}, where xi- i -th ТU, N- the number of TUs. 
The initial TUs are represented in the form of a TU-sign 
matrix, which reflects the measurement of signs on TU and 
contains rows and columns:

where 
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 The next step includes the application of the principal 
component method. This method solves the problem of 

analyzing the existing system of attributes that describe 
TU. The method of principal components is used to 
correct the original feature space distorted by mutual 
correlations, reduce the amount of stored data without 
losing a significant part of information about TU, visualize 
TU in the feature space (which is achieved, for example, by 
displaying TU in the form of points on a plane) and reveal 
hidden indicators that reflect the essence of the process or 
phenomenon.
 The simplest interpretation of the principal component 
method is geometric. In a multidimensional parameters’ 
space, TU are considered as points, whose cloud’s 
geometrical arrangement, in the case of the normal 
distribution, resembles an M-dimensional ellipsoid. The 
main axes of the imaginary ellipsoid are treated as the new 
parameters, sorted in the descending order of the TUs’ 
dispersions along the axes.
The most general relation is used to calculate the distance 
for M quantitative parameters:
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 Our classifications aimed to obtain homogeneous TU 
groups in M-dimensional attribute space, i.e., possible 
“types” of TU. For this, the largest distance is selected 
from the obtained Euclidean distances and the two 
territorial units that it connects become the nuclei of 
the homogeneous clusters. Clusters are formed by the 
distribution of the remaining territories between the two 
cores according to the minimum Euclidean distances. 
In the case of a larger number of clusters, to determine 
the third and all subsequent cores, each of all remaining 
territorial units is substituted in the form of a core, and the 
rest is distributed between the three cores according to 
the minimum distance. The procedure for determining the 
4-th core and formation of a typology with 4 types is similar 
to that described above. The maximum possible number 
of groups tmax is specified in advance, similarly to the 
minimum value tmin.The resulting number of groups can 
be analyzed using the absolute and relative heterogeneity 
coefficients and, thus, the optimal number of clusters can 
be chosen: 
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where k – the number of identified groups, p – the number 
of the orthogonalized coefficients to calculate distances,   
tmin, tmax– the maximal and the minimal number of groups,   
Iik- indicator (binary), pointing to the presence (1) or 
absence (0) of TUi in group k.
 A sharp increase in Ak or Ok with a decrease in the 
number of the identifiable clusters indicates an increase 
in heterogeneity within the identified clusters, while, on 
the contrary, a smooth increase in the coefficients is a 
sign of its uniform increase. The threshold followed by a 
sharp increase in heterogeneity can be optimally taken as 
the final number of clusters. In our analysis, the isolation 
of five clusters in all calculations turned out to be optimal 
(Tikunov 1997).
 The «TB hot spots» of the Russian Federation were 
determined using cluster analysis. Several groups of regions 
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with similar mortality and incidence rates among the adult 
population were identified. The k-means grouping was 
used as a clustering method. As a result of the iterations of 
the cluster analysis, it was recognized that it was optimal 
to single out three groups characterized by a gradual 
increase in both the incidence and mortality rates among 
the entire population, which reflects the unfavourability of 
the epidemic situation.

RESULTS AND DISCUSSION

Incidence and mortality from tuberculosis and its temporal 
dynamics in the Russian Federation

 Tuberculosis in Russia remains one of the country’s main 
epidemiological problems. At the same time, during the analyzed 
period, there was a tendency towards a decrease in incidence 
and mortality from tuberculosis for all considered indicators. 
The incidence rate was 82.6 per 100,000 population in 2006 but 
over 10 years it has dropped by almost half to 48.3 per 100,000 
population in 2017.
 The mortality is also characterized by a rapid decline, from 20 
per 100,000 population in 2006 to 6.5 per 100,000 population in 
2017. While there is a decrease in mortality from TB, the «all-cause 
fatality rate of TB» indicator is rising. The fatality rate depends on a 
number of factors (for example, the clinical form of tuberculosis, 
patient’s age, social status and presence of coexisting pathologies) 
and thus indirectly reflects the effectiveness of treatment of 
patients with tuberculosis.
 The decrease in the incidence rate among children was less 
pronounced. It remained at 16.0 per 100,000 population from 
2006 through 2012; since 2013 a decrease in the number of cases 
was constantly observed and the incidence rate in 2017 was 
registered at 9.7.
 It should be noted that the decrease in the incidence of 
tuberculosis occurred following a wider roll-out of tests for latent 
TB infection and a decrease both in the number of postmortem 
diagnostics and one-year mortality. According to the Central 
Research Institute for Organization and Informatization of 
Healthcare of the Ministry of Health of the Russian Federation, 
the periodic screenings for tuberculosis cover about 70% of the 
population. The best timely detection of tuberculosis is observed 
in Volga, Ural, Siberian  Far Eastern regions and to a lesser extent 

Central and Southern federal districts. The low detection rate of 
tuberculosis corresponds to the Northwest region. The quality of 
detection rate in the North Caucasian Federal District requires 
clarification.

Spatial heterogeneity of tuberculosis

 Considering the territorial heterogeneity in the distribution of 
the long-term average annual incidence rate of tuberculosis (all 
forms) for the period from 2006 through 2017, it should be noted 
that there is a pronounced differentiation between the European 
part of the Russian Federation and the rest of the country (Fig. 2). 
The incidence can be defined as «significantly below average» or 
«below average» in almost all regions of the European part of the 
Russian Federation except for Kaliningrad Oblast and the border 
regions of Russia (Pskov, Smolensk and Bryansk oblasts). The most 
burdened regions (where the incidence rate is «significantly above 
average») are located beyond the Urals, mainly in the southern 
border regions of the Russian Federation (Kurgan, Tyumen, Omsk 
oblasts and other regions). This category also includes almost all 
of the regions of Eastern Siberia and the Far East except for the 
Republic of Sakha (Yakutia), Magadan and Sakhalin oblasts, and 
Kamchatka Krai.
 While analyzing the structure of cases, according to the 
Central Research Institute for Organization and Informatization of 
Health Care, it should be noted that among the newly registered 
patients with tuberculosis, 86.4% belong to the permanent 
residents of Russia. The proportion of foreign nationals from 
the countries of the former USSR is about 3.5%; the highest 
proportion of foreign citizens with tuberculosis is observed 
in Moscow (31.7%) and St. Petersburg (14.5%). The share of 
tuberculosis cases in the institutions of the Federal Penitentiary 
Service (FSIN) accounts for 8%.
 Among the affected people, about 65% are men (excluding 
the cases in the institutions of the Federal Penitentiary Service, 
where there are mainly young men), and about 35% are women.
The age structure is as follows: 30% of cases are among the 18-34 
age group, about 30% are among the 35-44 age group and 35% 
correspond to the group of 45 years old and more.
 While there are positive trends in the situation with 
tuberculosis in the Russian Federation as a whole, the problem 
of multidrug-resistant tuberculosis (MDR-TB) remains relevant 
as the number of MDR-TB patients is growing. The proportion 
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Fig. 2. Long-term average annual incidence rate of TB (all forms) for the period from 2006 to 2017
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of patients with MDR-TB among patients with pulmonary 
tuberculosis was 30% in 2010 and 54% in 2017. Among newly 
diagnosed TB patients, the proportion of patients with MDR-TB 
was 14% and 27% in 2010 and 2017, respectively. Among those 
who were registered and died of tuberculosis in 2017, 44% of 
patients had MDR-TB; among those who died from other causes, 
27.5% had MDR-TB.
 The modern paradigm of epidemiological research provides 
for a joint analysis of the spread of tuberculosis and HIV infection. 
This is because there has been a drastic increase in the number 
of tuberculosis cases in patients previously infected with HIV over 
the past decades.
 While there is a stable decrease in the incidence of 
tuberculosis, at the same time an increase in the incidence of HIV 
is taking place (Fig. 3). The turning point came in 2014 when the 
number of people with identified HIV antibodies exceeded the 
number of cases of tuberculosis (per 100,000 population) (Central 
Research Institute for Health Organization and Informatization of 
the Ministry of Health of the Russian Federation 2020). A similar 
situation in terms of mortality occurred a year later, in 2015. Thus, 
there is still a risk of additional cases of tuberculosis among HIV-
infected people due to a decline in their immune protection. 

The spread of HIV/TB coinfection is observed primarily in the age 
groups of 25–44 years, which is typical for all regions of the Russian 
Federation. Moreover, every second patient registered as having 
died of HIV infection dies from the progression of tuberculosis 
at the late stages of HIV infection (Central Research Institute for 
Health Organization and Informatization of the Ministry of Health 
of the Russian Federation 2020).
  The incidence rate among children by regions overall repeats 
the picture typical for the entire population of Russia (Fig. 4). The 
European Russia can be characterized as the most favorable 
territory (except for Kaliningrad, Bryansk, Yaroslavl oblasts as well 
as the Republics of Kalmykia and Adygea). A relatively positive 
situation is observed in the regions of Western Siberia. At the same 
time, the incidence rate is above average or significantly above 
average throughout Eastern Siberia and the Far East (except for 
Sakhalin and Amur oblasts, Khabarovsk and Zabaikalsky Krais).
 Considering the age structure of tuberculosis incidence in 
children of 0–14 years old, it should be noted that approximately 
40-50% of cases appear to be in the age group of 7-10 years, 
about 40% at the age of 3-6 years and about 10% at the age of 
1-2 years.
 

Fig. 4. Long-term average annual incidence rate of TB among children 0-14 years for the period from 2006 to 2017

Fig. 3. TB and HIV incidence rate (per 100 000 population) in Russia for the period from 2006 to 2017
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Fig. 5. Long-term average annual mortality from TB for the period from 2006 to 2017

 Although the spatial pattern of mortality from tuberculosis 
in general repeats the distribution of the incidence, it is far more 
mosaic and uneven (Fig. 5).
 A number of regions that have both high incidence and 
high mortality rates stand out, for example, Krasnoyarsk and 
Altai Krais, Omsk and Tyumen oblasts, and some others. The 
opposite situation is observed in other regions where high 
incidence correspond to low mortality rates, for example, the 
Republic of Sakha (Yakutia), Magadan and Tomsk oblasts. The 
peak of mortality from tuberculosis in the regions of the Russian 
Federation falls at the age of 35-64 years.
 In general, it is possible to conclude based on all the 
considered indicators, that the unfavorable situation in terms of 
tuberculosis is confined to the Asian part of Russia. 

Typological classification of regions of the Russian Federation 
according to the level and dynamics of the epidemic indicators 
of tuberculosis 

 A typological classification based on dynamic characteristics 
made it possible to identify regional patterns in the 
epidemiological situation over the considered time interval 
as well as some features, representative of the territory of the 
Russian Federation as a whole.
 Analysis of the created typological map on the incidence of 
tuberculosis in the entire population for the period from 2006 
to 2017 showed that all identified types are characterized by a 
tendency towards a decrease in incidence (Fig. 6). The greatest 
changes can be detected in the regions, belonging to the 
following types: type II (high incidence rate accompanied by 
a pronounced downward trend) represented by the Republic 
of Tyva, Primorsky Krai, Jewish Autonomous Oblast; type III 
(decrease in the incidence rate since 2007) represented by only 
14 regions located mainly beyond the Urals; and type IV (average 
incidence rate) represented by 11 regions mainly located along 
the southern border of the Russian Federation and Kaliningrad 
region. Types V and VI have an average incidence rate with a 
gradual downward trend. At the same time, the incidence rate for 
regions included in type V (mainly the regions of the European 
Russia and Yamalo-Nenets Autonomous Okrug) is slightly higher 
than for the regions included in type VI. Type I is characterized 
by the lowest incidence rate with a similar decreasing trend and 
includes 18 European regions of the country.

 In general, the correspondence of the spatial pattern of the 
long-term average annual incidence rate (obtained as a result 
of a cartographic analysis) to the selected typological units 
taking into account the observed dynamics of the indicator, 
suggests that the epidemiological situation is reflected 
objectively and that both methodological techniques were 
used appropriately.
 Considering the typological classification for the incidence 
rate of pulmonary tuberculosis, the observed spatio-temporal 
pattern is similar to the incidence rate for all forms of TB with 
the difference that the selected types are characterized by a 
smoother decrease and the absence of any peaks (Fig. 7).
 The groups identified based on the incidence of 
tuberculosis in children differ in terms of their dynamics (Fig. 8). 
Type II (high incidence rate with a zigzag downward trend) links 
together regions with a severely unfavorable epidemiological 
situation for tuberculosis in children, particularly Kamchatka 
Krai and Magadan Oblast. Type VI (high incidence rate with 
a mild downward trend) also corresponds to a number of 
disadvantaged regions. This type includes 8 regions located 
in different parts of the country (Kaliningrad Oblast, Republic 
of Kalmykia, Astrakhan Oblast, Republics of Altai and Tyva, 
Kemerovo Oblast, Primorsky Krai and Chukotka Autonomous 
Okrug). Type III is marked by an average incidence rate with a 
single spike in 2013. It includes 12 regions, almost all of which 
are in Siberia and the Far East except for Yaroslavl and Bryansk 
oblasts (which are located in European Russia). Types IV and V 
combine regions with an average incidence rate and a mildly 
pronounced downward trend. These are mostly the European 
regions of the Russian Federation. Type I characterizes regions 
with the most favorable situation demonstrating consistently 
low incidence rates during the entire study period. This type 
includes 21 regions located exclusively in European Russia. 
 It should be noted, that the use of a typological 
classification for the incidence in children demonstrates a 
more uneven spatial pattern in comparison with the long-
term average annual indicator, especially in Siberia and the Far 
East regions. This could be a result of fairly significant annual 
fluctuations of incidence in these regions.
 The results of the typological classification reveal an even 
greater differentiation of regions in terms of mortality (Fig. 9). 
The most unfavorable situation was registered in only one 
region, i.e., the Republic of Tyva (type II, characterized by high 
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Fig. 6. Types of regions of the Russian Federation by the rate and dynamics of the incidence of TB

Fig. 7. Types of regions of the Russian Federation by the rate and dynamics of the incidence of pulmonary TB
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Fig. 8. Types of regions by the rate and dynamics of the incidence of TB among children 0-14 years

Fig. 9. Types of regions by the rate and dynamics of TB mortality
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mortality with a pronounced downward trend). Type VI is also 
marked by a fairly high mortality rate but a less pronounced 
downward trend. This type includes 7 regions located mainly 
in the south of Siberia. Types III, IV, V and I differ only in 
magnitude and have similar tendencies towards a reduction 
of mortality rates. The vast majority of regions (31) belong to 
type I which has the lowest mortality rate.
  The results of the typological classification show that 
the identified types differ mostly by the incidence and 
mortality rates but the dynamics of indicators for all types 
is characterized by a downward trend.

Hot spot regions of the Russian Federation

 Analysis of the cartographic material created using 
cluster analysis (Fig. 10) made it possible to identify 
regions with various levels of incidence and mortality 
from tuberculosis over the analyzed period, i.e., the hot 
spot regions of Russia and the more favorable regions. 
The tuberculosis hot spots are found in some regions 
of European Russia (Kaliningrad, Smolensk, Bryansk 
oblasts), southern regions (Rostov Oblast, the republics 
of Kalmykia and Adygea), the Siberian and the Far East 
regions (Krasnoyarsk Krai, Novosibirsk and Omsk oblasts, 
Republics of Altai and Buryatia, Zabaikalsky, Khabarovsk 
and Kamchatka krais, Sakhalin and Magadan oblasts). Less 
unfavorable, average situation was revealed mainly in the 
regions of southern Siberia and the Far East (Primorsky Krai, 
Amur Oblast, Jewish Autonomous Oblast, Irkutsk Oblast, 

Republic of Tyva and Altai Krai). The rest of the regions 
of the Russian Federation have a low degree of epidemic 
tension thus being the safest. The analysis made it possible 
to differentiate the territory of the Russian Federation and 
identify epidemically unsafe regions in which more detailed 
research is required at the municipal level. The obtained 
results confirm the conclusions of the cartographic analysis 
presented above.

CONCLUSIONS

 An analysis of the current spread of tuberculosis in the 
Russian Federation was carried out using GIS technologies 
and epidemic data for the period from 2006 through 2017. 
As a result of the study, the spatial and temporal features of 
the epidemic situation in Russia were revealed in terms of 
the incidence of tuberculosis for the entire population (of 
all forms of TB), incidence of pulmonary TB, incidence of TB 
in children and mortality from TB. Typological classification 
of regions was developed based on the dynamics and 
magnitude of the incidence rate; it was revealed that 
there is an overall downward trend in incidence and 
mortality from TB in recent years. The highest burden 
regions of the Russian Federation in terms of tuberculosis 
with consistently high levels of incidence and mortality 
throughout the analyzed period were identified. The 
obtained results can be used for a further detailed study of 
the tuberculosis spread at the municipal level as well as for 
planning anti-tuberculosis measures in Russia.

Fig. 10. The unfavourability of the epidemic situation in regions of the Russian Federation based on cluster analysis of 
the incidence and mortality rates (all forms of TB)
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