Research

Variations in tuberculosis prevalence, Russian Federation: a
multivariate approach
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Vladimir Krasnov? & Yakov Schwartz?

Objective To analyse the epidemiological trends of tuberculosis in the Siberian and Far Eastern federal districts, the areas with the highest
disease burden in the Russian Federation.

Methods We applied principal coordinate analysis to study a total of 68 relevant variables on tuberculosis epidemiology, prevention and
control. Data on these variables were collected over 2003-2016 in all 21 regions of the Siberian federal district and Far Eastern federal
district (total population: 25.5 million) through the federal and departmental reporting system. We identified the regions with a favourable
or unfavourable tuberculosis epidemiological profile and ranked them as low or high priority for specific interventions.

Findings The median number of tuberculosis notifications in the regions was 123.3 per 100000 population (range: 54.5-265.7) in 2003,
decreasing to 82.3 per 100000 (range: 52.9-178.3) in 2016. We found large variations in the tuberculosis epidemiological profile across
different regions. The principal coordinate analysis revealed that three aggregated indicators accounted for 55% of the variation. The first
coordinate corresponded to tuberculosis prevalence and case notifications in the regions; the second to the severity of the disease among
patients; and the third to the percentage of multidrug-resistant tuberculosis among tuberculosis patients. The regions where intervention
was most urgently needed were Chukotka Autonomous Okrug, Jewish Autonomous Oblast and Tyva Republic.

Conclusion The variability in tuberculosis epidemiology across regions was likely due to differences in the quality of antituberculosis
services. Precision in defining necessary interventions, as determined through the principal coordinate analysis approach, can guide focused
tuberculosis control efforts.

Abstracts in S5 H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

During the 1990s the tuberculosis epidemic in the Russian
Federation worsened due to an economic recession in the
country at that time. National tuberculosis case notifications
reached a peak of 90.7 per 100 000 in the population of 146.6
million in the year 2000. The robust measures to control tu-
berculosis taken by the government between 2000 and 2010
led to a reduction in case notifications to 48.3 per 100000
in the population of 144.5 million by 2017. Despite these
measures, the tuberculosis situation in the Asian part of the
Russian Federation remained less favourable compared with
the European part. For example, in the year 2017, tuberculosis
case notifications in the Siberian federal district (population:
19.3 million) and Far Eastern federal district (population:
6.1 million) were as high as 83.3 and 86.1 per 100 000 respec-
tively.'* Identification of the key factors that determine the
unfavourable epidemic situation in these districts is therefore
a top priority for research. The evidence collected can then be
used to plan focused interventions.

Tuberculosis surveillance and monitoring were estab-
lished in their present form in these two federal districts in
2003 with data pm dozens of variables are collected annually
by the government. We aimed to identify the variables that
are closely correlated and to understand how they interact and
contribute to the tuberculosis epidemic in different regions of
Siberian and Far Eastern federal districts. We used multivari-
ate principal coordinate analysis,” a method that allowed us to
condense the complex, multidimensional data set into a small

number of aggregated indicators for each region. Description
of the regions’ tuberculosis status in terms of these indicators
would enable us to characterize and compare the epidemiol-
ogy of tuberculosis among regions. The results are intended
to inform the development of a unified prevention, care and
control policy that addresses each region’s specific needs.

Methods
Data source

The study was a retrospective epidemiological analysis cov-
ering all tuberculosis cases notified in the Asian part of the
Russian Federation from 2003 to 2016.

We analysed data obtained from federal and department
reports for each of the 21 regions in the Siberian and Far
Eastern federal districts which constitute the Asian part of
the Russian Federation. The health authority reports cover all
registered patients with records of all forms of tuberculosis.
A total of 68 variables of tuberculosis incidence, treatment
and outcomes are collected. The method of data gathering
is identical in all regions of both federal districts. Access to
the epidemiological data is restricted to clinical specialists
and medical statisticians. The raw data are obtained by re-
gional tuberculosis centres from tuberculosis hospitals and
outpatient departments at regional, municipal and township
levels using official ministerial guidelines, and collated for
analysis in Novosibirsk Tuberculosis Research Institute. The
data are regularly checked for consistency and reliability by
experienced research personnel at the Institute who frequently
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conduct supervisory visits in the ob-
served regions.

A detailed description of all
variables collected by the federal au-
thorities and their calculation rules
and periods of data collection are
available from the data repository.°
These variables are recommended for
epidemiological reporting as key fac-
tors in control of epidemic tuberculo-
sis.”® Variables cover a wide range of
characteristics, including: (i) case no-
tifications and the number of notified
tuberculosis cases stratified by age and
by urban or rural population; (ii) data
on tuberculosis patients who were
difficult to treat, including those with
multidrug-resistant (MDR) tuber-
culosis or extensive fibrotic changes
and cavities (verified by a medical
board of experts reviewing difficult
cases using clinical and tomography
data);*-!" (iii) coverage of tuberculo-
sis diagnostics, including any type
of examination; and (iv) outcomes of
tuberculosis treatment.

Data analysis

We used principal coordinate analy-
sis for the study. In this method,
the differences between regions are
represented by a small number of
coordinates. The method has several
advantages compared with more com-
monly used methods such as principal
component analysis. First, principal
coordinate analysis has low sensitiv-
ity to the presence of outliers in the
data. Second, the method can reflect
the relationships between the variables
analysed regardless of whether they
are linear or not. Third, it has good
applicability when the number of vari-
ables (in our case the epidemiological
data) is much greater than the number
of observations (in our case the differ-
ent regions).

We first compiled a table containing
the values of all the variables, by year and
region. We prepared the table for princi-
pal coordinate analysis by transforming
the initial data to standardize the scatter
of the analysed variables.">"* Without
these transformations, the effect of
variables with relatively small variances
would contribute insufficiently to the
analysis. For this purpose, we calculated
the median values and interquartile
ranges for all variables of the initial
data and then converted the data using
the formula:
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Where a, is the initial value of variable j
for the region i, Medj is a median value
and the IQR interquartile range of the
variable j over all regions, and x; is the
final transformed value.

All collected variables should be
used to achieve a comprehensive de-
scription of the difference in the epi-
demic situation between the regions. It
is possible to choose a suitable metric,
then to calculate the differences (called
distances) between regions and finally
to construct the matrix of distances. For
the present study we chose Manhattan
distances and calculated the distances
between the regions using the formula:
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where i and k are the regions between
which the distance is calculated, and 1,
2, ... j are the variables. We chose this
metric because the values of variables for
pairwise correlation of two regions were
mostly identical or slightly different, but
there were several variables with large
differences of values. In this case, the
Manhattan distance will smooth these
differences.

To analyse the matrix of the Man-
hattan distances, information from the
distance matrix is used to form a limited
number of new variables (coordinates)
that are the measures of (dis) similarity
between regions and that explain most
of the interregional variability. The
regions are visualized as points on the
coordinate axes of the scatterplot. Simi-
larity between regions is represented as
the simple geometric distance between
points. The shorter the geometric dis-
tance, the higher the similarity.

We assessed the explanatory value
of the principal coordinates using the ei-
genvalues of each coordinate. We divid-
ed the eigenvalues of each coordinate by
the sum of the eigenvalues of the entire
coordinate set. The data transformation
is considered informative if two or three
coordinates with relatively large eigen-
values (encompassing more than 50% of
the total variance) are obtained, while
for other axes the eigenvalues are small.
The principal coordinate values we ob-
tained are dimensionless quantities. In
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our case, it was convenient to present
the administrative regions as points on
a three-dimensional scatterplot.

The epidemiological meaning of a
coordinate can be understood from the
value of its correlation with 68 initial
epidemiological variables, according to
the epidemiological meanings of these
variables. The Spearman correlations
between variables and coordinates were
calculated for each year of observation.
Only strong relationships with correla-
tion coeflicients > 0.6 in absolute value
were considered.

We used R programming language,
version 3.4.0 (R Foundation for Statis-
tical Computing, Vienna, Austria) for
statistical analysis."

Results
Tuberculosis time trends

The median number of tuberculosis
case notifications was 123.3 per 100 000
population in 2003, ranging from 54.5 to
265.7 per 100000 across the 21 regions
(Fig. 1). Notifications remained some-
what stable up to the year 2010, after
which they decreased in most regions,
to a median of 82.3 per 100000 in 2016
(range: 52.9-178.3 per 100 000).

In the analysis by region, we found
that tuberculosis prevalence (Fig. 2)
and mortality (Fig. 3) between the years
2003 and 2016 decreased in all regions
except Chukotka Autonomous Okrug.
Case fatalities among the mid-year aver-
age number of tuberculosis patients were
stable in all regions during the whole
observation period (median: 11.7% in
2016; Fig. 4). The exceptions were in
Novosibirsk Oblast, Kemerovo Oblast
and Irkutsk Oblast, where case fatalities
increased from 11.8% to 16.3%, 18.5% to
23.2% and 15.0% to 17.8%, respectively
between 2010 and 2016. The percentage
of smear-positive patients among those
with respiratory tuberculosis increased
in most regions between the years 2003
and 2005 and stabilized thereafter (me-
dian: 47.7% in 2016; Fig. 5).

Principal coordinates

In the principal coordinate analysis, we
found that the first three coordinates
explained 55.1% of the variability of
the initial epidemiological data across
regions: the first coordinate explained
28.6% of the variability, the second ex-
plained 14.1% and the third explained
12.4%.
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Epidemiological favourability

The first coordinate correlated in-
versely with 13 variables, including:
tuberculosis case notification by chest
X-ray screening examination per 1000
people; tuberculosis case notification
in the total population, in rural and
in urban populations (as percentages
of the total population) and among
adolescents aged 15-17 years; tuber-
culosis prevalence per 100000 people
among adolescents and adults; and
tuberculosis relapse and mortality. An
inverse relationship was also found
between this coordinate and the preva-
lence of tuberculosis with extensive
fibrotic changes and cavities; and the
proportion of patients with that type
of tuberculosis among all tuberculosis
patients. There was a positive correla-
tion with two variables: the percentage
of respiratory tuberculosis patients
with bacteriological conversion; and
the proportion of closure of cavities
among tuberculosis patients. The
Spearman correlation coefficients and
P-values of all variables correlated with
the first coordinate are available from
the data repository."”

The first coordinate could be inter-
preted as an aggregated indicator of in-
terregional variations of epidemiological
tuberculosis transmission and severity,
and we called it the epidemiological fa-
vourability coordinate. The high values
of this coordinate reflect both a low level
of tuberculosis transmission and a high
efficiency of antituberculosis measures.
The higher the proportion of cured pa-
tients, the lower the relapse rate and the
prevalence of tuberculosis.

Severe tuberculosis

The second coordinate correlated
negatively with six variables, including:
tuberculosis case notifications in the
total population and in urban areas;
the total number of people registered
for treatment; the number of followed
patients co-infected with HIV and
tuberculosis; tuberculosis-related case
fatality and mortality; and the propor-
tion of tuberculosis patients who died
outside hospitals in 2006, 2011 and 2014.
There was a positive correlation of this
coordinate with one variable: the density
of tuberculosis specialists in the region.
The Spearman correlation coefficients of
all variables correlated with the second
coordinate are available from the data
repository.'®
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Fig. 1. Tuberculosis case notifications in the Asian part of the Russian Federation,

2003-2016
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Notes: We analysed data obtained from federal and department reports. We calculated median values
of tuberculosis case notifications as the ratio of all tuberculosis cases notified for the first time (including
postmortem diagnoses) during the year to the mid-year total population of the region.

Fig. 2. Tuberculosis prevalence in the Asian part of the Russian Federation, 2003-2016
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Note: We calculated median values of tuberculosis prevalence as the median ratio of followed
tuberculosis patients during the year to the mid-year total population of the region.

The correlations indicate that the
regions characterized by high values
of the second coordinate were those
with a relatively low prevalence of
severe tuberculosis. Moreover, these
relationships probably indicate that
a high concentration of tuberculosis
specialists in a region increased the
cure rate and lowered tuberculosis re-
lated mortality. The second coordinate
therefore reflects the interregional
variations in the efficacy of interven-
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tions in preventing severe tuberculosis
and in reducing mortality and could
be called the control of severe tuber-
culosis coordinate. This coordinate
correlated inversely with tuberculosis
case notifications in urban popula-
tions, but no relationship was found
in rural populations. This finding can
probably be explained by the higher
availability of antituberculosis services
and the higher number of tuberculosis
specialists in the cities.
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Fig. 3. Tuberculosis mortality in the Asian part of the Russian Federation, 2003-2016
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Note: We calculated median values of tuberculosis mortality as the ratio of all registered deaths of
tuberculosis patients caused by tuberculosis during the year to the mid-year total population of the

region.

Fig. 4. Case fatalities in the Asian part of the Russian Federation, 2003-2016
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Note: We calculated median values of case fatality as the ratio of all tuberculosis-related deaths among
tuberculosis patients during the year to the mid-year average number of tuberculosis patients in the

region.

MDR tuberculosis

The third coordinate correlated nega-
tively with seven variables, including:
the proportions of MDR tuberculosis
cases among tuberculosis patients; MDR
tuberculosis case notifications; and the
percentage of cavity closures in newly
diagnosed patients. This coordinate was
therefore associated with the control
of MDR tuberculosis. The detailed list
of variables correlated with the third
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coordinate is available from the data
repository."’

The data show that the more pa-
tients newly registered for treatment,
the higher the proportion of diagnosed
cases with MDR tuberculosis. Between
the years 2005 and 2010, the tubercu-
losis epidemic was particularly severe
in certain regions, which prompted
government-supported interventions.
The measures included additional fi-
nancing, strengthening of tuberculosis
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services, more training courses for
tuberculosis specialists, an increased
number of radiological examinations
and an increase in the number of tu-
berculosis surgeries. These actions may
have led to an increase in the number of
diagnosed bacteriological conversions
with a subsequent decrease in trans-
mission and, ultimately, tuberculosis
notifications and mortality after 2010.
However, we cannot exclude that during
these interventions some patients were
still treated inadequately, leading to low
cure rates and an increased number of
patients with MDR tuberculosis.'*

Geographical variations

The values of the three coordinates for
all regions are shown on a map of the
Russian Federation (Fig. 6) and three-
dimensional scatter plot (Fig. 7; avail-
able at http://www.who.int/bulletin/
volumes/97/11/19-229997). Of the 21
regions, Tomsk Oblast had the highest
value for the first coordinate, associated
with epidemiological welfare. The lowest
values of the epidemiological welfare
coordinate were in Tyva Republic and
Chukotka Autonomous Okrug. The
value of the second coordinate, associ-
ated with control of severe tuberculosis,
was highest in Chukotka Autonomous
Okrug and lowest in Jewish Autono-
mous Oblast, Irkutsk Oblast, Altai Krai
and Primorskiy Krai. The value of the
third coordinate, associated with control
of MDR tuberculosis, was also highest in
Chukotka Autonomous Okrug region,
but lowest in Sakha Republic, Tyva Re-
public and Tomsk Oblast.

The prevalence and incidence of
tuberculosis in Chukotka Autonomous
Okrug and Tyva Republic over the
study period are available from the data
repository.”**' Chukotka Autonomous
Okrug was the only region with a steady
increase in tuberculosis case notifica-
tions and prevalence during 2008-2016.
Tyva Republic had the highest tubercu-
losis prevalence and case notifications
over the whole period of observation.

Tuberculosis case notifications in
the urban populations of the Jewish
Autonomous Oblast, Irkutsk Oblast,
Altai Krai and Primorskiy Krai regions
were higher over the years 2010-2016
than in most of other regions (avail-
able from the data repository).” These
four regions are characterized by their
markedly low values of the second coor-
dinate and thereby unfavourable profile
of severe tuberculosis. Irkutsk Oblast

Bull World Health Organ 201 9;97:737—745A| doi: http://dx.doi.org/10.2471/BLT.19.229997
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had the highest prevalence of HIV
and tuberculosis co-infection between
2010 and 2015 (available from the data
repository).” The Jewish Autonomous
Oblast had high tuberculosis mortal-
ity from 2004 (available from the data
repository).*

Discussion

We found large variations in the epide-
miology of tuberculosis across different
regions of the Asian part of the Russian
Federation. Using principal coordinate
analysis, we could identify regions
with a more favourable tuberculosis
epidemiological and control situation.
The more favourable epidemiological
profile of tuberculosis in Tomsk Oblast
may be attributed to the drug-resistant
tuberculosis programme, which was
implemented only in this region. The
programme was financed by the Global
Fund to Fight AIDS, Tuberculosis and
Malaria according to WHO recom-
mendations, implemented between 2000
and 2013. The programme has been
recognized as one of the most successful
projects to manage MDR tuberculosis
in the world.”

We could also rank regions as high
or low priority for specific interven-
tions. The heterogeneity observed can
be explained mainly by differing levels of
antituberculosis services in different re-
gions. Each region in this part of Russian
Federation has its own specific charac-
teristics and needs specific interventions
to improve the situation. The regions
where intervention is most urgently
needed were Chukotka Autonomous
Okrug, Jewish Autonomous Oblast and
Tyva Republic. Although tuberculosis
prevalence, notification and mortality
rates have decreased in Tyva Repub-
lic over the past 14 years, the general
situation of tuberculosis control in this
region was unfavourable compared with
other regions. In Chukotka Autonomous
Okrug during 2011-2016, tuberculosis
case notifications in the rural popula-
tion were 3.0-5.7 times higher than in
the urban area, which consists only of
Anadyr town. In rural areas this variable
had a range of 226.7-373.1 per 100 000
population from 2011 to 2016 versus
63.6-86.2 per 100 000 population in the
urban area. In rural areas, where most of
the population is of indigenous ethnic-
ity, medical support is difficult to access.
Patients from indigenous populations
tend to seek medical care late during
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Fig. 5. Proportion of smear-positive tuberculosis in all followed patients with
respiratory tuberculosis in the Asian part of the Russian Federation, 2003-2016
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Note: We calculated median values of the percentage of smear-positive tuberculosis cases among
followed patients with respiratory tuberculosis during the year of observation.

the disease and often after developing
advanced tuberculosis lesions. These
patients often then become a source of
transmission within the community.
Factors promoting a steady increase of
tuberculosis notifications include the
crowded living conditions in some tradi-
tional houses (yarangas) and insufficient
access to health care.” The high tubercu-
losis mortality and case fatality in Jewish
Autonomous Oblast can be explained by
the presence of the Federal Penitentiary
Service interregional tuberculosis hos-
pital. This hospital serves tuberculosis
patients from prisons located not only
in this region, but also from neighbour-
ing regions. All deaths in this hospital
are of prisoners, thereby increasing the
overall regional tuberculosis mortality
by 15-20%.”

We found low values on the co-
ordinate associated with control of
severe tuberculosis in Irkutsk Oblast
and Jewish Autonomous Oblast. These
data demonstrate the need to improve
tuberculosis detection and treatment, to
address the issue of HIV and tubercu-
losis co-infection in Irkutsk Oblast and
to decrease tuberculosis deaths in the
prison hospital in Jewish Autonomous
Oblast.

The high values of MDR tubercu-
losis control in Chukotka Autonomous
Okrug and Jewish Autonomous Oblast
do not imply a low burden of MDR
tuberculosis, but rather reflect a lack of
capacity for diagnosing these patients.

Bull World Health Organ 2019;97:737—-745A| doi: http://dx.doi.org/10.2471/BLT.19.229997

These were the only regions in which
tuberculosis facilities were not equipped
with the Xpert® Mycobacterium tuber-
culosis/rifampicin (MTB/RIF) rapid
automated nucleic acid amplification
assay (Cepheid, Sunnyvale, United
States of America) until the year 2016.
The Xpert MTB/RIF assay was gradu-
ally implemented in most regions dur-
ing the years 2013-2016, which could
potentially bias the data on variables
related to MDR tuberculosis. However,
the proportion of multidrug resistance
among all patients with tuberculosis
increased during this period in only two
regions (Irkutsk Oblast and Altai Krai)
and thus the risk of bias is unlikely. The
low rates of reported MDR tuberculosis
before the implementation of the Xpert
MTB/RIF assay in Irkutsk Oblast and
Altai Krai are likely explained by the
previous poor rates of detecting MDR
tuberculosis.

The high levels of MDR tuberculosis
in Sakha Republic and Tomsk Oblast
can be attributed to the high quality of
tuberculosis diagnostic services in these
regions. In contrast, in Tyva Republic,
high numbers of multidrug-resistant in-
fections may be explained by inadequate
treatment and compliance, and inad-
equately qualified medical personnel.*
If the quality of diagnostic services in
Tyva were improved, the multidrug-re-
sistance levels would likely be even high-
er. Indeed, in the years 2011-2016 the
proportion of smear-positive patients
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who were tested for drug sensitivity in
the Tyva Republic varied between 44.8%
and 67.8%, whereas in Tomsk Oblast
and Sakha Republic the proportion was
above 85%. Of note, Tyva Republic had
the highest tuberculosis prevalence and
case notifications among all 21 regions.

This study has some limitations.
We included variables in the analysis
that were measured longitudinally, but
each value was considered indepen-
dently; we could therefore not describe
the time trends of the variables using
principal coordinate analysis. Since
we did not have data at the individual
level, correlations between variables
could also be marginally affected by
some unmeasured confounders. As this
work focused on a large geographical
area with a high burden of tuberculosis,
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specific population subgroups, such as
marginalized communities or inhabit-
ants from hard-to-reach rural areas,
may not be completely covered by the
analysis. However, the proportion of
these people in the total population is
small and we believe that the potential
bias is negligible.

The overall burden of tuberculosis
in the Asian part of the Russian Fed-
eration is still serious. The quality of
diagnosis and treatment, and the avail-
ability of qualified medical personnel
operating in properly equipped facilities
are the most important factors that can
improve individual care and population
control of tuberculosis. Precision in de-
fining and implementing the necessary
interventions, as defined through the
principal coordinate analysis approach,

can guide efforts to control tuberculosis
in this vast territory. ll

Acknowledgements

JE is also affiliated with the institute of
Mathematical Statistics and Actuarial
Science, University of Bern, Bern, Swit-
zerland. MCR is also affiliated with the
Institute of Global Health, University of
Geneva, Geneva, Switzerland.

Funding: The work was supported by
the Novosibirsk Tuberculosis Research
Institute. Olivia Keiser was supported
by a professorship grant from the Swiss
National Science Foundation (grant
number 163878).

Competing interests: None declared.

oy

il f sdee o cs-"ﬁ)‘ SN ¢ Jdl L) J S|

L cans.aasdl b g S f;L:j b @ iS
L] 5sm dnozg ol S5e AW Hlas O LS.WJ.H KERNER]
Slast J) JsY ‘\J}\H g YN e 557 3 ol
gyl d:\.b-\!\ M} bl @ oYU ollsly Jl
4,“..]\ J‘ el d:\.b—ﬁl\ BTN RWE Y S ST R R A
JMJ\ JA o o:.a\a..l‘ ‘u}:b’d )L&l\ JMJ\ U")l 44),\“
Chukotka _» Jal ‘Jo; J i CQ.:-\)\ ol sblllesls
Tyva; Jewish Autonomous Oblast, <Autonomous Okrug
.Republic
O (bl e Judleby 8 cpldl of Sl e l.:..:,.»\Jl
ey el o0l ot 85 5 Lalisd ubjwl\ "
JJ!—@L}JM).A\;«@))JMJ\;)%M\JJM&@
sl 538 M s pedl a5 Ul o5 of cLsM»JJ\ KEPNER

el 2

ub¢d\dbu\d‘}¢sMpw‘duuY\&x:uafﬂ
ses &\&J‘;Jl sbull P chaAY\ S b &
s ATV G 2 5ol
68 ] Ll pl) (oo ) ST LS (3 L 2l
MUMQU))UM‘&\;}& M\ubu\j\&l\
2003ws;ﬁ\d%u\wn»dfubw@f.w
Gl b alaie (3 27 J1 (JUBYI o (32076 ()
Oseke 25.5: 0181 dlal) aJadl gasV¥l G2l bl
S B 6515315 1l EN1 ol I3 (e (G
Lz Lad s ¢ Jdd &30S0 e ST A sl 1 5 a0l 15
s MU Bl daisen Sl e LT LT e
(ULl 3 Jdb HLoNT wl)las] sae Jauge &b puiladl
(265.7 ) 54.5: uldl 3lks) deus 100000 s 123.3
GUx) dewd 100000 JsU 82.3 (1) Laasily <2003 &
wldet| baxr5 2016 ple 3 (178.3 ] 52.9: Ll

HE

BB EZFEREER | STENHFE
B8 & &R T B R R 513 A
X (F{aA| A0 R BCH X)) Py By fﬁ%%%&
Fik BNKXRAELTANE NERFRTHR
. TG A sl 68 MK EIHATH R, 2003 £
% 2016 4F 3 &) 38 3 B AP TR E R G V1A | T EK
HARERAKIRGIA 21 MERUET T EHE
(B AW 12550 7). FAMFE T AAH KA AL
T AT A 5 AR By [X 80 £ 3 4 2 T T R 2 8
R AR 28 2 Bk 8 11 28

g R 2003 F, FREHNEZKFERFS T HK
4 123.3/100000 A (& B : 54.5-265.7), 2016 4 T %
| 82.3/100000 (3% F : 52.9-1783), AT 4 I 7 [l M

X B R AT R F R EFERKZ R AR
BR, EAGAEITETEN 5%, & —MLARI N
TAMWRGERREREFOAEMR ; F-IRT
REWKRTERE SN TERAEH FIT
ZWERKNE b, REMFET KX 2 £
FHBK, RABBMNMEREME,

B A HRERRRTRENLERRTREET TR
G A R R, TITE AR AT O A
ETHEEEH T AR FERER TENE+ I
.

Bull World Health Organ 201 9;97:737—745A| doi: http://dx.doi.org/10.2471/BLT.19.229997 743



Research
Tuberculosis in the Asian part of the Russian Federation

lvan Meshkov et al.

Résumé

Variations de la prévalence de la tuberculose, Fédération de Russie: une approche a variables multiples

Objectif Analyser les tendances épidémiologiques de la tuberculose
dans le district fédéral sibérien et le district fédéral extréme-oriental,
qui présentent la charge de morbidité la plus élevée au sein de la
Fédération de Russie.

Méthodes Nous avons appliqué une analyse en coordonnées
principales pour étudier un total de 68 variables pertinentes sur
I'épidémiologie, la prévention et le controle de la tuberculose. Des
données sur ces variables ont été collectées entre 2003 et 2016
dans les 21 régions du district fédéral sibérien et du district fédéral
extréme-oriental (population totale: 25,5 millions) a I'aide du systeme
de notification fédéral et ministériel. Nous avons déterminé les régions
présentant un profil épidémiologique de la tuberculose favorable ou
défavorable, puis nous les avons assimilées a un degré de priorité faible
ou élevé concernant des interventions spécifiques.

Résultats Le nombre médian de notifications de cas de tuberculose
dans les régions considérées s'élevait a 123,3 pour 100 000 habitants
(étendue: 54,5-265,7) en 2003, puis diminuait pour atteindre 82,3 pour

100 000 habitants (étendue: 52,9-178,3) en 2016. Nous avons constaté
d'importantes variations du profil épidémiologique de la tuberculose
entre les différentes régions. L'analyse en coordonnées principales
a révélé que trois indicateurs agrégés contribuaient pour 55% aux
variations. La premiére coordonnée correspondait a la prévalence et
aux notifications de cas de tuberculose dans les régions considérées;
la deuxieme correspondait a la gravité de la maladie chez les patients
atteints; et la troisiéme correspondait au pourcentage de tuberculose
multirésistante chez les patients atteints. Les régions ol les interventions
étaient les plus urgentes étaient le district autonome de Tchoukotka,
I'oblast autonome juif et la République de Touva.

Conclusion La variabilité de I'épidémiologie de la tuberculose entre
les régions était probablement due a des différences dans la qualité
des services antituberculeux. Il peut étre utile de définir précisément
les interventions nécessaires, comme déterminé a l'aide de la méthode
d'analyse en coordonnées principales, pour orienter les efforts de lutte
contre la tuberculose.

Pestome

Pa3HuLa B NoKa3saTensAx pacnpocTpaHeHHOCTH Ty6epKynesa B Poccuiickon Oefepaumn: MHOrodpakTOpHbIii

noaxon
Llenb AHanw3 TeHgeHUMI pasBUTA SMMAEMUONIONMYECKON CUTYaLMM
no Tybepkynesy 8 Cnbrpckom v LanbHeBoCToUHOM defepanbHbix
OKpyrax, To eCTb B 06M1acTAX C MaKCMMalbHbIM HpemeHem
3aboneBaHua Ha Tepputopun Poccurickon Gepepaumn.

MeTogbl ABTOPbI MPUMEHWUAN aHANM3 MaBHbIX KOOPAMHAT 414
n3yyeHua B obLlEN CNOXHOCTM 68 peneBaHTHbIX GakTopoB
SNUAEMNOSIOTMYECKOM CUTYaLMK MO TYGepKynesy, ero npodunaxT/ike
1 KoHTponto. 3a nepuopn ¢ 2003 no 2016 rof 6binv cobpaHsi
ZlaHHble Mo TUM GakTopam B 0OLIEN CNIOXHOCTY B 21 cyObekTe
Cubupckoro dpenepanbHoro okpyra n anbHeBOCTOYHOrO
dbenepanbHoro okpyra (06Las YMCIeHHOCTb HaceneHus: 25,5 MiH
4enoBek) Ha OCHOoBe deflepanbHON ¥ BEJOMCTBEHHOMN CUCTEM
OTYETHOCTU. ABTOPbLI OMNpefenvny pernoHsl ¢ 6aaronpUATHbLIM
1 HebnaronpuATHLIM 3MUAEMUONOTMYECKUM Npodunem no
TybepKynesy v KnaccudmumpoBanmn 1Ux no rpynmnam C HU3KUM
1 BbICOKMM YPOBHEM HeobXo4MMOCTU Cheumanv3npoBaHHOro
BMelLaTenbCTRa.

PesynbTtathl CpeaHee yMcno yBefomMeHU O 3aboneBaHum
TybepKyne3om B pervoHax cocTtasuno 123,3 Ha
100 000 HaceneHua (arnanasoH 54,5-265,7) 8 2003 roay; s10T

nokasatenb cokpatunca fo 82,3 Ha 100 000 HaceneHua (AnanasoH:
52,9-178,3) B 2016 rogy. ABTOPbI BHIABWAN 3HAUUTENBHYIO Pa3HNLLY
B dakTOopax anuaemuonormyeckoro npoduna no Tybepkynesy 8
Pa3HbIX pernoHax. AHanm13 rnaBHbIX KOOPAWHAT BbIABIM TPV CBOAHbIX
MoKa3aTend, OTBeTCTBEHHble 3a 55% cnyyaeB pasnnuma GakTopos.
MepBas KOOpAMHaTa COOTBETCTBOBANA PACMPOCTPAHEHHOCTH
TybepKynesa 1 yBeAOMEHVAM O CIly4asx 3ab0neBaHwA B PErMoHax,
BTOpaA COOTBETCTBOBANA TAXECTV 3a60NeBaHNA NalUMeHTOB,
a TpeTbA — MPOLEHTHON [01e MybTUPE3NCTEHTHON GOPMBI
TybepKynesa cpeav naumeHTos. K ynucny pervioHos, TpedytoLmx
Hanbonee CPOYHOIO BMeELATENbCTBA, OTHOCATCA YyKOTCKUIA
ABTOHOMHbIV OKPYT, EBpelicKas aBToHOMHasA 06nacTb v Pecnybnvika
ThiBa.

BbiBop Pa3HuLa B NOKa3aTenax anuaeMyonormieckom cutyaumm no
TybepKynesy B pa3sHblx PervoHax, BeposaTHee Bcero, 0bycnosneHa
Pa3HbIM YPOBHEM KauecTBa NpoTUBOTYOepKyIe3HbIX MEPONPUATUIA.
TouHoe onpefeneHie HEOOXOAVMbBIX BMELIATENbCTB, BbIABIEHHbIX
MEeTOAOM aHanu3a rnaBHbIX KOOPAMHAT, MOXeT MOMOYb B
KOHLeHTpaumm ycunui no opsbe c TybepKynesom.

Resumen

Variaciones en la prevalencia de la tuberculosis, Federacion de Rusia: un enfoque multivariado

Objetivo Analizar las tendencias epidemioldgicas de la tuberculosis en
los distritos federales de Siberia y Extremo Oriente, las zonas con mayor
carga de morbilidad de la Federacion de Rusia.

Métodos Se aplicé el andlisis de coordenadas principales para estudiar
un total de 68 variables relevantes en epidemiologia, prevencién y
control de la tuberculosis. Los datos sobre estas variables se recopilaron
entre 2003y 2016 enlas 21 regiones del distrito federal de Siberia y del
distrito federal del Extremo Oriente (poblacién total: 25,5 millones) a
través del sistema de presentacién de informes federal y departamental.
Se identificaron las regiones con un perfil epidemiolégico favorable o
desfavorable de la tuberculosis y se clasificaron como de baja o alta
prioridad para intervenciones especificas.

Resultados El nimero promedio de notificaciones de tuberculosis
en las regiones fue de 123,3 por cada 100 000 habitantes (rango: 54,5-
265,7) en 2003, disminuyendo a 82,3 por cada 100 000 habitantes
(rango: 52,9-178,3) en 2016. Se encontraron notables variaciones en el
perfil epidemioldgico de la tuberculosis entre las diferentes regiones.
El andlisis de las coordenadas principales reveld que tres indicadores
agregados representaban el 55 % de la variacion. La primera coordenada
correspondia a la prevalencia de la tuberculosis y las notificaciones de
casos en las regiones; la sequnda a la gravedad de la enfermedad entre
los pacientes; y la tercera al porcentaje de tuberculosis multirresistente
entre los pacientes con tuberculosis. Las regiones en las que la
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intervencién era mds urgente eran el Distrito Autonomo de Chukotka,
la Provincia Auténoma Hebrea y la Republica de Tyva.

Conclusion La variabilidad en la epidemiologia de la tuberculosis entre
regiones se debi6 probablemente a las diferencias den la calidad de los

Research
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servicios de tratamiento antituberculoso. La precision en la definicién
de las intervenciones necesarias, determinada a través del enfoque
de andlisis de coordenadas principales, puede guiar los esfuerzos
focalizados de control de la tuberculosis.
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Fig. 7. Location of administrative regions in the Asian part of the Russian Federation
in three principal coordinates in accordance with the values of tuberculosis
epidemiological variables
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Notes: The administrative regions are represented as points plotted accordingly to their values on the
principal coordinates. The values of the epidemiological welfare and control of severe tuberculosis
coordinates correspond to the x- and y-axes respectively and the values of the multidrug-resistant
tuberculosis control coordinate are shown by the white—black gradient of the points. For positive
correlations, the higher the value of the principal coordinate, the higher the value of associated
epidemiological variables. For negative correlations, the higher the value of the principal coordinate, the
lower the value of associated epidemiological variables. Groups of administrative regions are coded as
follows: 1. Amur Oblast, Kemerovo Oblast and Novosibirsk Oblast; 2. Altai Republic and Buryatia Republic,
Khabarovsk Krai, Khakassia Republic, Krasnoyarsk Krai and Omsk Oblast; 3. Zabaykalsky Krai.
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