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Introduction. One of the main factors affecting TB burden is HIV progression and, in turn, PLWH predominantly die of TB.
The study purpose was to identify high risk regions of HIV, HIV/TB coinfection in NWFD of Russia between years of 2007 to 2018.
Materials and methods. K-means method was applied to identify HIV, HIV/TB incidence, prevalence and mortality rates, as
well as share of heterosexual HIV transmission route clusters in 10 regions of NWFD. The need data were extracted from rel-
evant forms of federal statistical observation between 2007 to 2018. NAO was excluded from cluster analysis due to absence of
HIV/TB coinfection cases in study period. For holistic understanding of HIV/TB coinfection trends, TB incidence, prevalence
and mortality rates were estimated too without including them in cluster analysis.

Results. Along with significant reduce in TB cases there was increase in HIV case data in most regions, especially in
Arkhangelsk oblast where HIV incidence raised by 617.8% in period analyzed. Meanwhile Kaliningrad oblast became the only
region where HIV incidence (-21.5%) and mortality (-=65.6%), also HIV/TB incidence (=55.0%) is failed in 2007 -2018.
Heterosexual HIV transmission risk was high in almost all regions, especially in NAO (100.0%), Pskov (89.2% ), Novgorod
(78.8%) oblasts. K-means method detected the highest HIV spread in Arkhangelsk oblast (first cluster), lowest — in
Kaliningrad, Leningrad, Murmansk oblasts and St. Petersburg (third cluster). Other regions with intermediate HIV case data
formed second cluster. HIV/TB coinfection most rapidly spreads in Arkhangelsk, Pskov and Novgorod oblasts (first cluster),
most slowly — in Kaliningrad, Leningrad oblasts and in St. Petersburg (third cluster). In other regions, spread of HIV/TB coin-
fection has average rate, forming second intermediate cluster.

Conclusion. Along with significant improvement in TB epidemic, spread of HIV and HIV/TB coinfection in regions of NWFD
considered as uneven. In regions with high concentration of HIV cases, HIV and HIV/TB coinfection rates are slowed down.
Conversely, highest rates of HIV cases, as well as of HIV/TB coinfection case data, are observed in regions with low HIV accu-

mulation, indicating the need to strengthen TB measures in PLWH in regions with a low spread of HIV.
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Beenenune. OjiHuUM 13 0CHOBHBIX (haKTOPOB, BJHsiOIMX Ha Gpemst TyGepkysesa (TD), siBisieTcss nporpeccupoBaHue sruieMHuu
BUY-undexuuy, B cBOIO ouepelb, oAU, Kusyiire ¢ BUY, npeumyiectsento ymupaior ot Th.

Llenib. Ompesieienne PerHOHOB BLICOKOTO pHcKa pacrpocTpaHenns BUU-undbexiwn 1 konndexuun BUY/TH B C3DO Poccnn
3a 2007-2018 rr.
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MarepuaJbl U MeToapbl. [ K1acTepusalnu TeppuTOPUH Mo AMHAMHKeE MOKasaTtesel 3a60/1eBaeMOCTH, MOPaXKEHHOCTH U CMEPT-
Hoctn nipu BUU-undeximn u BUY/TB, a TaksKe 1o/1e retepocekcyaabHOT0 pUcKa pacrpoctpanenus BUY-nudeximn 6611 nipu-
meHeH MeTos K-cpenux B 10 pervonax C3PO. Ananusupyembie JaHHbie ObLIH MOJYYeHbl U3 COOTBETCTBYIOLIMX hopM dejie-
paJsibHOrO cTaTHCTHUeCKOro HabofeHus 3a nepuox ¢ 2007 no 2018 r. HAO Obl1 HCKIIOUEH U3 KJIAaCTEPHOro aHa/ln3a u3-3a
oTcyTeTBHsT caydaes koundexiuun BUY/TB 3a nceneayembiii nepuos, Takke aist QAOCTHOTO MOHUMAHUST TeHACHIMA Pacipo-
crpanennst Kounbexkimn BUU/TB olennBanach IMHAMUKA 3a60J€BAa@MOCTH, PaclpoCTPAHEHHOCTH H cMepTHocTH oT TB 6Ge3
BKJIIOYEHHS 3THX JIAHHBIX B KJIACTEPHbIH aHAJIH3.

Pe3syabTatbl n nx ob6cyxaenue. Hapsity co 3HaunTe/IbHBIM CHIKeHHEM ciydaeB Th, B GoJibLIMHCTBE PerHOHOB HAGJIIOAETCS POCT
pacnipoctpanenusi BUY-uHdekimn, ocobeHHo B ApxaHreibekoit 06aacTH, rie 3ab6oseBaemocts BUY-nHdekipmeil 3a anannsupye-
MBIt Iepuoj1 yBeuuuaach na 617,8 %. Mesxkiy Tem Kanuuunrpackas o6/1acThb cTaa eIMHCTBEHHbIM perdoHoMm, rie B 20072018
IT. CHU3WJHCh 3a60s1eBaeMocTh (—21,5% ) n eMeptHocTh o1 BUU (~65,6 %), a Takske 3aGoneraemocts BUU/TBH (-55,0%). Puck
reTepocekcyaibioil nepenaun BHUY Gbl1 BLICOKHM MOUYTH BO Beex peronax, ocobenno B HAO (100,0%), Iekose (89,2%),
Hosropojie (78,8 % ). Metonom k-cpenux yeranoseno nanGoabiiee pacrpocrpanenie BUU-undekiuu B Apxauresbekoit o6,1a-
CTH (NepBbIf KJIacTep), HauMeHbllee — B Kasmuunrpanckoit, Jlenunrpanckoii, Mypmanckoit o6nactsx u Cankr-Iletep6ypre (Tpe-
THH KaacTep). Jlpyrue perdonbl ¢ MpoMeKyTOUHbIMH JJaHHBIMU O ciydasx BUY-undexunu copmupoBann BTopoil kiaacrep.
Koundekims BUU/TB nantosiee 6uictpo pacrpoctpansiercs B Apxanresbekoli, [ekosekoit 1 Hosroposickoil o6actsix (nepBbiil
KJacrep), Hanbosiee MeieHHO — B Kasnnunurpaznckoit, Jlennnrpazckoit oonactsix u Cankr-IlerepOypre (TpeTHii kiacrep). B npy-
IHX pervonax pacrpocrpatenue Koundexuun BUY/TB umeer cpenue teMribl, 00pazoBaBLie BTOPOil POMEKYTOUHbIH KJ1acTep.
3akaouenue. Ha done 3nauntenbHoro yayuuenus curyauuu no Th pacnpocrpanenne BUY-undekunn 1 KouHpeKuuu
BUY/TB B pernonax C3®O sipasiercst HepaBHoMepHbIM. B pernonax ¢ Bbicokoil KymyJisiuueii cayuaes BUY-undexiun pacnpo-
crpanenne BUY-nudekimu n koundexuun BUU/TH sameamunoch. K naoGopor, cambie BEICOKHE NOKas3aTe/H 3a60/1eBaeMOCTH
BUY-nudekimeii, a TaksKe camMoe BBICOKOe pacripocTpanenue KonHdekimn BUY/TH nabaonaoTest B pernoHax ¢ HU3KHM ypoB-
HeM HakoruieHust BUY, uto ykasbiBaeT Ha HEOOXOAUMOCTb yCHieHUst Mep 1o 6opbbe ¢ TyGepkysesom cpeau JIKB B pernonax

C HU3KUM ypoBHeM pacnpoctpanennst BUY-undexuuy.

KamtoueBblie cioBa: BUY-undekuust, coueranune TB/BUY, KaactepHblil anaaus, C3P0O
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Introduction. According to the World Health
Organization (WHO) data approximately 10.0 mil-
lion people are developed tuberculosis (TB) and 1.3
million died of the disease in HIV-negative popula-
tion along with registration of additional 214 000 TB
deaths in people living with HIV (PLWH) in 2020 [1,
2]. Human immunodeficiency virus (HIV) is one of
the most important risk factors for active TB [3]. The

Russian Federation (RF) carries the one of the
biggest burden of HIV in Eastern Europe and Central
Asia with more than 80% of the sectoral HIV bur-
den!. On the other hand, TB burden in the country
level is reduced significantly in the past years, includ-
ing penitentiary system which is remaining as a per-
manent source of the infection [4, 5]. Northwestern
Federal District (NWFD), like the rest of seven RF

I BUY-nudbexuus B ctpanax Boctounoii Esponbi i LlentpasibHoit Asun. PernoHanbHbie 10CTHXKeHUS H npoO/eMbl. CeMuHap

o peaynbratam Koudepenimn 1AS-2017. http://www.hivrussia.info/wp-content/uploads/2019/01/VICH-infektsiya-v-stranah-
VETSA.-Reginalnye-dostizheniya-i-problemy-1AS-2017.pdf. lata o6pauienus: 24.12.2021.
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districts, is plagued by the HIV epidemic being the
second, after Central Federal District, with the level
of TB prevalence [6, 7]. In 2018 NWFD identified
4.7% of HIV/TB cases from the total 41 428 coin-
fected subjects in Russia as a whole [8].

Despite the importance of HIV/TB coinfection and
the epidemiological and clinical correlation between
the two diseases, there are still few publications on
their geographical cluster distribution. We found only
a number of studies from each country endeavored to
observe spatial clustering patterns between HIV, TB
and HIV/TB coinfection. In the study provided in
1990t in New York metropolitan region the authors
found out that the high HIV prevalence in certain
region have accompanied by a high number of TB
cases[9]. A study provided in Uganda identified space
cluster of each infection (HIV, TB and HIV/TB coin-
fection), and concluded that TB and HIV rates were
significantly affected each other [10]. Another analy-
sis conducted in China identified five prefectures in
Western part of country as the high risk clusters of TB
[11]. In South Africa, also was showed an uneven
concentration of TB cases in the country [12].
Heterogeneous concentration of HIV/TB cases were
identified in the regions of Kenya and Brazil [ 13, 14].
In Ethiopia, despite the dramatically decrease in HIV
prevalence, there are still have remained unique risk
factors that accelerated HIV transmission forming
high risk regions [15].

In Russia there were no publications identified the
high risk regions of HIV, TB and their combination by
geographical cluster distribution. We found very few
cluster studies related to HIV and TB risk factors and
molecular epidemiology of TB. So, Yakovlev A.A. ana-
lyzing the factors influencing on TB in Primorskiy
Kray, identified the poverty, unemployment, alcohol
consumption and drug use, also pollution and TB mor-
tality as the negative clusters [16]. A molecular epi-
demiological study conducted in Omsk oblast has
demonstrated that 77.0% of clustering isolates of
Mycobacterium Tuberculosis belonged to the Beijing
genetic family [17]. Considering the external migration
as the HIV risk factor, and clustering the regions of
Asia and Africa by certain HIV patterns, Dmitriev R.V.
concluded that the major contribution to the HIV epi-
demic in Russia have made migrants from Asia, espe-
cially from former Soviet countries [18]. Cluster analy-
sis provided in Perm Kray showed that one of the crite-
ria for choosing the optimal antiretroviral treatment
(ART) regimen is the assessment of the patterns of
gender, HIV/AIDS stage at the beginning of ART,

comorbidity, HIV  transmission  risk  [19].
Fedyaeva O.N and coauthors clustering of HIV-infect-
ed patients by patterns of adherence to ART, identified
that the key factors of non- adherence of patients to the
treatment were marital status, education, alcohol con-
sumption, change in ART regimen, polypharmacy,
neuropathy, unknown fever, high viral load [20].

We have to say, that we did not find any cluster
analysis related to the HIV/TB coinfection challenges
in Russia, though the method can most accurately
identify the high risk regions which is helpful in prior-
itizing resource assignment. Thus, the aim of our
study was to identify the high risk regions of HIV and
HIV/TB coinfection in NWFD of Russia by cluster
method in order to know where the targeted interven-
tions are most needed.

Materials and methods. An analytical epidemio-
logical study in 11 regions of NWFD predominantly
from 2007 to 2018 was conducted. For cluster analy-
sis of 10 regions of NWFD by estimating of HIV and
HIV/TB coinfection incidence, prevalence and mor-
tality rates along with a share of heterosexual HIV
transmission risk in 2017, considered as the most
intensive route promoting the generalization of the
HIV epidemic, the k-means method was used with a
normalization of variables to the maximum indicator.
The optimal number of clusters was validated by a
preliminary grouping of regions and constructing a
hierarchical tree. The Nenets Autonomous Okrug
(NAO) due to the absence of HIV/TB coinfection
cases in the region in the study period was excluded
from cluster analysis. The HIV/TB mortality was
estimated by applying to proportion of TB deaths
among all died PLWH, as well as among HIV/TB
patients died of all causes in the period from 2007 to
2015. The timeframe from 2007 to 2015 for analysis
of TB deaths among PLWH in the study has been
chosen due to stopping to register these data sepa-
rately in the country since 2016. NAO has been a part
of Arkhangelsk oblast until 2008, so the regional
HIV, TB and HIV/TB coinfection data were available
only from 2009. For holistic understanding of the
HIV/TB coinfection trends in NWFD the TB inci-
dence, prevalence and mortality rates in 2007-2018
were evaluated too, but without including them in
cluster analysis due to the almost equal changes of
TB patterns in regions in the period analyzed.
Statistical measures of obtained data were performed
on the SPSS 17.0 platform.

Epidemiological data were extracted from the rele-
vant forms of federal statistical observation: No. 61



80 HIV Infection and Immunosuppressive Disorders, 2022, Vol. 14, No. 3

«Information on the patients with HIV infection»,
renamed in 2015 to «Information on the disease
caused by the human immunodeficiency virus»,
No. 33 «Information on patients with tuberculosis»,
No. 8 «Information on active tuberculosis» and No. 4
«Information on the HIV testing». The study was
approved by the Ethic Committee of St. Petersburg
Research Institute of Phthisiopulmonology in 2020
(protocol no. 85/1).

Results and discussion. A trend of significant
reduce in TB incidence, prevalence and mortality
from 2007 to 2018 was registered almost in all
regions of NWFD, excluding NAO, where TB preva-
lence during the period analyzed has increased by
47.1% (Table 1). Conversely, there was an increase
in HIV data almost in all regions, except Kaliningrad
oblast (Klg). The region, along with simultaneously
improvement in the TB epidemic, was the only one in
NWED, where HIV incidence and mortality from
period of 2007 to 2018 has declined by 21.5% and
65.6 %, respectively, allowing the oblast

came out from the number of territories of the RF
with a high HIV burden.

In St. Petersburg (SPT) and Leningrad oblast
(Len), reduce in HIV incidence, and slowdown it in
Murmansk oblast (Murm) (-36.7 %, —47.8% and
2.9%, respectively) are leveled by a high rates of HIV
prevalence (618.4%, 601.7% and 442.6%, respec-
tively) compared to the average HIV prevalence rate
in NWFD as a whole (10.2%) between 2007 to 2018.

In Arkhangelsk oblast (Arkh) increase in HIV inci-
dence amounting to 617.8% in 2007-2018 has dra-
matically prevailed over its rates in other regions and
NWFD as a whole (-13.5%). Meantime in the
region a crucial improvement in the TB epidemic at
the period analyzed is observed, what was confirmed
by a highest decrease in TB prevalence (-82.6%)
and mortality (-83.5%) rates to compare to data in
other 10 regions of NWFD.

On the other hand, in St. Petersburg, Leningrad
and Murmansk oblasts, along with a notable reduce
in the spread of HIV, mainly determining by decrease
or slowed down in HIV incidence (see above), the TB
epidemic continues to remain as a big challenge.
Thus, in St. Petersburg, TB incidence is declining
much slowly than in NWFD as a whole (—-22.0% ver-
sus —53.9%), in Leningrad and Murmansk oblasts,
the TB prevalence is also decreasing more slowly
than in NWFD as a whole, amounting to —46.2%
and —52.0% versus —58.5%, respectively in 2007 -
2018. In Novgorod (Nov), Pskov (Pskov) oblasts,

NAO and Komi Republic (Komi), the HIV epidemic
as well as the TB cases are equally considered as
unfavorable. The similar situation was noted in
Vologda oblast (Vol), but with the lower HIV and TB
patterns rates than in the last listed regions.

In most regions, the heterosexual transmission
risk of HIV is predominated in 2017, especially in
NAO (100.0%), Pskov (89.2%), Novgorod (78.8 %),
Murmansk (63.4 %) oblasts, thereby intensifying and
exacerbating the generalization of HIV infection in
the regions.

Based on the analyzed above variables and on pre-
liminary constructed dendrogram, the regions of
NWED formed three clusters of «typical» territories
(Fig. 1). Using the k-means method, Arkhangelsk
oblast was assigned to the first cluster as the territory
with the highest HIV patterns rates (Table 2).

Dendrogram obtained using the nearest-neighbor method
Grouping clusters by scalable distance

0 5 10 15 20 25
Len 6 1 1 1 1 1

SPT 10
Klg 3
Murm
Kar
Komi
Nov
Vol
Pskov
Arkh 1
Fig. 1. Cluster distribution dendrogram of the regions of NWFD
by HIV incidence, prevalence, mortality rates and share of het-
erosexual HIV risk

Puc. 1. KnacrepHast genporpamma pacrpejiesieHust perioHoB

C3dO no 3a6o1eBaeMOCTH, pacrpocTpaHeHHOCTH, CMEPTHOCTH

ot BUY-undekuun u 1oJie retepocekcyasbHOTO PUCKA 3apazke -
nust B4

© N 00 Ul A+~ N

The second cluster included Vologda, Novgorod,
Pskov oblasts, Karelia (Kar) and Komi republics as
regions with a relatively equal level of spread of HIV
infection. The third cluster consisted of regions with
high rates of decline in HIV case data in 2007-2018:
Kaliningrad, Leningrad, Murmansk oblasts and
St. Petersburg.

The analysis of the trends of HIV/TB coinfection
incidence rate also revealed a significant decrease in
Kaliningrad oblast (-55.0%), after NAO, where
there no HIV/TB coinfection case during the study
period have been registered (Table 3).

In addition, in Kaliningrad oblast, assigned to the
region with a high cumulation of HIV cases at the
beginning of the HIV epidemic in Russia, the lowest
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Table 2

Cluster distribution of the regions of NWFD by HIV rates and share of the heterosexual HIV transmission route (k-means
method)

Tabauua 2

KnacrepHoe pacnpenenerue pernoHoB C3®0 no yposHio pacnpocrpanenusi BAU-undekuuu u nose rerepocekcyanbHoro
nytu nepenaun BUY (meron k-cpenHux)

Clusters Regions Number
1 Arkhangelsk oblast 1
2 Vologda, Novgorod, Pskov oblasts, Komi and Karelia republics 5
3 Kaliningrad, Leningrad, Murmansk, and St. Petersburg 4
Valid 10
Omitted 0

share of TB deaths in all died PLWH (20.1%) was
occurred in 2015 to compare to St. Petersburg
(30.3%) and Leningrad oblast (23.0%) also consid-
ered as the regions with a high HIV prevalence [7].
So, Kaliningrad oblast, similarly to the case of the
HIV epidemic, came out from the number of territo-
ries with a high HIV/TB coinfection burden.

Meanwhile, the highest increase in HIV/TB coin-
fection incidence is observed in the regions with a low
cumulation of HIV cases [7]. These regions are
Arkhangelsk, Pskov, Novgorod oblasts and Komi
Republic, where HIV/TB coinfection incidence rates
between 2007 to 2018 has raised by 600.0%,
220.0%, 120.8% and 266.7 % respectively, when in
the period analyzed in NWFD as a whole there was no
change in HIV/TB coinfection incidence rate (0.0%).
The HIV/TB coinfection prevalence also had a
notable trend to rise in mentioned regions amounting
by 150.0% in Arkhangelsk oblast, 565.0% in Pskov
oblast, 587.5% in Novgorod oblast and by 211.5% in
Komi Republic in period of 2007 to 2018. There are in
Murmansk and Vologda oblasts an increase in
HIV/TB coinfection incidence and prevalence was
registered too, amounting respectively by 104.3%
and 100.0%, by 311.8% and 190.9% in 2007-2018.

Interestingly in St. Petersburg and Leningrad
oblast, as we noted above, belonged to the regions
with a high HIV occurrence, the HIV/TB coinfection
incidence rates were the lowest in NWFD aiter
Kaliningrad oblast, amounting 14.8% and 79.6 %
respectively in the period analyzed. The most expres-
sion of slowing down of HIV prevalence in NWFD
from 2007 to 2018 was registered in St. Petersburg
(16.7%), then in Kaliningrad oblast (40.3%) and
Leningrad oblast (82.0%) what significantly less
than in regions with a low HIV prevalence.

Low rates of HIV/TB coinfection incidence, preva-
lence and proportion of TB deaths in PLWH in
Karelia Republic is due to registration artifact when

incarcerated patients infected with HIV/TB arrived to
the regional penitentiary TB facilities from other
regions of R were taken into account in 2007.

The total number of HIV patients died of TB from
2007 to 2015 in NWFD was 43900 subjects which
amounted by 25.2% of all deaths in PLWH and by
80.6% of those who coinfected with HIV/TB and died
of any causes in the period analyzed.

Dendrogram obtained using the nearest-neighbor method
Grouping clusters by scalable distance
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Len 6
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Komi 5
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Fig. 2. Cluster distribution dendrogram of the regions of NWFD
by HIV/TB coinfection incidence, prevalence rates (2007 —
2018) and share of TB deaths among PLWH (2007-2015)

Puc. 2. KnacrepHasi ieniporpamMmma pacrpejiesieHusi perioHoB

C3®dO no 3a6onepaemocty Konndexuueis BUU/TH, ee pacrpo-

ctpanennoctH (2007-2018 rr.) u nose cmepTeli oT TyHepKyaesa

cpemn JDKB3 (2007-2015 rr.)

Figure 2 and Table 4 are illustrated that the cluster
analysis using the k-means method identified the
Arkhangelsk, Pskov and Novgorod oblasts as regions
with the highest dynamical changes in the spread of
HIV/TB coinfection in NWFD (the first cluster).
Vologda and Murmansk oblasts, as well as Komi
Republic, having an intermediate level of the HIV/TB
coinfection spread, were included in the second cluster.

The third cluster is formed by Kaliningrad and
Leningrad oblasts, also by St. Petersburg as the
regions with the negative or lowest rates of HIV/TB
coinfection data. The inclusion of Karelia Republic in
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this cluster is due to the registration artifact of
HIV/TB coinfected patients who arrived in the
regional penitentiary system from other territories of
Russia in 2007.

Conclusion. Our analysis shows that along with an
overall improvement in the TB epidemic, there is geo-
graphical heterogeneity in spread of HIV and HIV/TB
coinfection in NWFD. The HIV/TB co-infection, as
well as the HIV epidemic, has the highest rates of
spread in regions with a low cumulation of HIV cases,
especially in Arkhangelsk, Pskov, Novgorod oblasts
and Komi Republic. In St. Petersburg, Leningrad and

Kaliningrad oblasts, assigned as the regions with a
high concentration of HIV cases, the rate of its spread,
as well as the rates of HIV/TB coinfection cases, are
significantly decreased or slowed down in the period
analyzed. The most expression of the changes is
observed in Kaliningrad oblast, allowing the region to
came out from the number of HIV and HIV/TB coin-
fection high-burden areas during the study period. The
study determines the need to strengthen TB measures
in PLWH in regions with a low concentration of HIV
cases, but with a high rate of spread of HIV along with
a predominance of heterosexual transmission route.
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