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Introduction: Tuberculosis (TB) remains one of the leading infectious causes of morbidity and mortality worldwide.
Extrapulmonary tuberculosis (EPTB) accounts for a substantial proportion of reported cases and continues to present
important diagnostic and health-system challenges, particularly in countries with persistent drug-resistant TB burden.
Objective: To synthesize current global evidence and Kazakhstan-specific data on EPTB, with particular emphasis on
diagnostic innovation, primary health care (PHC)-related detection barriers, and priority strategies for strengthening TB
control in the post-COVID period.

Methods: A structured narrative review with systematic search procedures was conducted in accordance with PRISMA
2020 reporting principles. Literature published between January 2015 and September 2025 was identified through
PubMed/MEDLINE, Scopus, Web of Science, Google Scholar, and official institutional sources. From 412 initially
identified records, 45 sources met eligibility criteria and were included in the final synthesis.

Results: In 2024, an estimated 10.7 million people developed TB and 1.23 million deaths were attributed to the disease
globally. EPTB accounts for approximately 15-16% of reported TB cases, although the true burden is likely
underestimated. The COVID-19 pandemic disrupted case detection and continuity of care, exposing structural
weaknesses in TB programmes. Kazakhstan has achieved substantial reductions in TB notifications over the past decade
and expanded access to molecular diagnostics, digital monitoring, and PHC integration. However, major challenges
remain, including a high burden of multidrug-resistant TB, geographic inequalities in access to specialized services, and
delayed recognition of extrapulmonary disease.

Discussion: The study demonstrated that effective tuberculosis (TB) control depends not only on biomedical
advancements but also directly on the healthcare system's ability to coordinate diagnosis and treatment. A key finding is
that extrapulmonary tuberculosis (EPTB) often remains overlooked clinically due to its non-specific symptoms and the
requirement for complex diagnostic methods. The challenges in detecting EPTB in Kazakhstan and neighboring regions
necessitate strengthening integration at the primary health care (PHC) level and increasing the clinical alertness of
physicians. Furthermore, the effectiveness of innovative treatment regimens for multidrug-resistant tuberculosis (MDR-
TB) is limited by the speed of diagnosis and the availability of socio-economic support for patients.

Conclusion: Effective TB elimination requires earlier PHC-based identification of EPTB, equitable access to rapid
molecular diagnostics, broader implementation of shorter evidence-based regimens, and resilient patient-centred
systems of care. Kazakhstan demonstrates meaningful progress, but accelerated modernization and targeted health-
system reforms remain necessary to achieve End TB targets

Keywords: extrapulmonary tuberculosis, tuberculosis epidemic, drug-resistant tuberculosis, innovative technologies,
primary health care, Kazakhstan

JKAhAHJIBIK KOHTEKCTTEIT KASAKCTAHJIAFBI TYBEPKYJIE3: JUATHOCTUKAJIBIK
YKOHE JIEHCAVJIBIK CAKTAY XXYUECTHET'T MOCEJIEJIEPTE APHAJIFAH
KYPLUTBIMJIAJIFAH HAPPATUBTIK IIOJTY
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Kipicme: TyGepkyne3 (TbB) omempaik JeHreine ChHIPKATTAHYIIBUIBIK TEH OIM-XKITIMHIH JKETEKIN WH()EKIHSIIBIK
cebenrepiHig Oipi Oonbin Kana Gepeni. OkneneH Toic TyOepkyne3 (OTTBH) TipkenreH >kargainapsly eneyni Oeirin
Kypaiapl sxoHe ocipece mopire Tesimai Th »ykremeci cakramraH einepnae AMArHOCTHKA MEH JCHCAYJBIK CakKTay
XKyiteciHe KaTbICThl MaHBI3/Ibl KUBIHIBIKTAP TYBIHAATA/IBI.
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Makcartbl: [[MarHOCTHKANBIK WHHOBAIMSIIAD, AJFAIIKBl MEIUIMHAIBIK-CAHUTAPISUTBIK kKoMek (AMCK) neHrewinmeri
aHbpIKTay Keneprinepi skaHe COVID-19 nannemusiceinan keiinri kesenne Th O0akpuiaybslH KyIIEHTy cTpaTerusiiapbliHa
6aceiMIbIK Oepe oThiphin, OTTH OolibiHIIa skahaHbIK KoHE KazakcTaHFa KaThICTBI ACPEKTEPl KYHeENey.

Onaicrepi: PRISMA 2020 karunatrapblHa colikec JKyHeni i3aey 371eMeHTTepl 0ap KypbhUIbIM/aifaH HappaTUBTIK IOy
xyprizinai. 2015 xbutFel KagTap MeH 2025 >KbUIFBI KBIPKYHEK apajibIFbIHAAFE xKapusiansivaap PubMed/MEDLINE,
Scopus, Web of Science, Google Scholar 6a3amapsIHaH %oHE PeCMH HHCTHTYIIHOHAIIBIK ASPEKKO3IEPACH 13AECTipiii.
Bacranke! 412 >xa30aHbly inriHeH 45 nepekkes ipikTey KpUTepuiliepiHe COUKec KeIill, KOPHITHIHABI TajayFa eHTi31i.

Horukenepi: 2024 xputel onemae mamamer 10,7 muH anam Th-men aysipabr, an 1,23 MiIH e11iM jKaFmadbl TipKeJi.
OTTDB Oapnblk TipKenTeH karmaimapablH mamMameH 15-16%-brH Kypaiasl, amaiiza HaKTHl Tapaixybl OymaH KOFaphl
6omysl MymkiH. COVID-19 nmanneMuscel aHBIKTay KOPCETKIIITEpi MEH eMICYAiH Y3IiKci3mirine tepic acep erim, Th
OarmapiaManapblHbIH KYPBUIBIMABIK 9JICi3 TYCTaphiH kepcerTi. Kazakcranma coHFBI OHXBUIABIKTA Th KepceTkimrepi
TOMCHJICTI, MOJICKYJIAJIBIK TUATHOCTHKA, MUQPIBIK MOHUTOPUHT koHe AMCK-nien unTerpanus keHeirinni. CoHbIMCH
Karap, ken gopire te3imai Th xykremeci, MaMaHIAHIBIPBUIFAaH KOMEKKE KOJDKSTIMIUTIKTIH TeHCI3iri xoHe OTTh-He
KEIlI aHBIKTay MaceleNepi cakTary/a.

Taakpuiay: Tyoepkyne3ai (TB) Trimai Oakpiiay Tek OHOMEIUIIMHAIBIK JKETICTIKTEpPre FaHa eMec, JACHCAYIBIK CaKTay
KYHECIHIH IMarHOCTHMKa MeEH eMaeyll Yilectipy KaOineTiHe Tikened OalnaHbICTHl ekeHIH Kkepcerti. Herisri
TYKBIpEIMAApABIH Oipi — exmeneH Teic TybOepkynesnin (OTTH) cmemmdukambk emec Oenrimepi MeH KypAeni
UATHOCTHKANBIK 9MICTePAl KaKET eTyiHe OaiIlaHbICTHI KIMHUKANBIK Ha3apIaH THIC KAIBI OTHIpFaHIBIFBL. Ka3zakcTan
MeH Kepmriyiec aiiMaktapaa OTTH aHbIKTaymarsl KUBIHABIKTAp ANFAIIKE MEIUIMHANBIK-CAaHUTApIEIK kemek (AMCK)
JeHreHiHIeri MHTETpalusIHbl KYIISUTY 1 KoHe JopirepiiepIiH KIMHAKAIBIK CAaKTHIFBIH apTTRIPYABI Tanamn etexi. Jopire
te3imMai  TyOepkynesni (KAT-TH) emaeymeri WHHOBAUMSUIBIK — PEXUMICPOIH  THIMIUITT  JIHATHOCTHKAHBIH
KBUITAMIBIFBIMEH JKOHE QJICYMETTIK-9KOHOMHUKAJIBIK KOJIAYMEH IICKTEe 1.

Kopbiteinasl: Th-uer taimni xoro ymiH OTTB-uet AMCK neHreifinne epre aHbIKTay, KeIel MOJICKYJIaJIbIK
MUArHOCTHUKAFa TEH KOJDKCTIMIUIIK, KBICKAPTBUIFAH JONENII CeMJCY PEKHMICPIH KEHEHTy KOHE MaI[MeHTKE
OarmapiaHFaH TYPaKThl KbI3MET KepceTy xkykenepi Kaxker. Kazakcranna alTapibikTail mporpecc OaiikanransiMeH, End
TB MakcarTapbiHa )KeTY YIIiH O/1aH 9pi )KaHFBIPTY KSHE HbICaHANbI pedopMaap Tajarn eTiaei.

Tyidingi ce3mep: TyOepKyse3; OKIEACH ThIC TYOCpKyJie3; KO Jopire Te3iMiai TyOepKyJie3; aaFallKbl METUIIMHAIBIK-
CAaHUTAPHSIIBIK KOMEK; MOJIEKYIIANBIK JUarHocTuka; Kazakcras.

TYBEPKVYJIE3 B KASAXCTAHE B I''IObAJIbHOM KOHTEKCTE:
CTPYKTYPUPOBAHHbBIM HAPPATUBHBIM OB30P JUATHOCTUYECKUX 1
CUCTEMHBIX ITPOBJIEM 3/IPABOOXPAHEHUM
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Beenenne: Tyoepkyie3 (TB) ocraercst oqHON U3 BeAyIUX HHPEKIIMOHHBIX MPUYKH 3a00JICBAEMOCTH M CMEPTHOCTH B
mupe. Brenerounsni TtyGepkynes (BJITB) cocraBnsieT 3HAYMTENbHYIO JOJIIO 3apETHCTPHPOBAHHBIX CIIydaeB
MPOJOIDKAET CO3/aBaTh CEPbE3HBIC TUATHOCTHYECKHE W OpTaHU3AIMOHHBIC TPYTHOCTH, OCOOCHHO B CTpaHax C
COXPaHSIOMIIMCS BRICOKHM OpeMeHeM JIeKapcTBeHHO-ycTorurnBoro Th.

Hens: CucreMaTH3MpOBaTh COBPEMEHHBIC TI00aNbHBIC TaHHBIC W MaTtepuaibl o Kasaxcrany, kacatomuecs BJITB, ¢
aKIIEHTOM Ha TUarHOCTHYECKUE HHHOBALIMY, Oapbephl BBIBICHUS Ha YPOBHE IIEPBUYHON MEIUKO-CAHUTAPHOW ITOMOIIN
(ITMCII) u npropuTETHBIC HAIIPABIICHAUS YCWICHHUS MPOTUBOTYOSPKYIE3HOTO KOHTPOJIA B IOCTKOBHIHBIN TIEPHO.
Metoasi: I[lpoBeneH CTPYKTypHpPOBAHHBIM HAppPaTUBHBIA 0030p C CHCTEMAaTHYECKHM ITOWCKOM IJIUTEPATyphl B
coorBercTBuM ¢ npuHiunamu PRISMA 2020. IMy6nuxauuun 3a nepuox c siHBaps 2015 r. mo cenrsops 2025 r.
otbupanuce B 6a3zax PubMed/MEDLINE, Scopus, Web of Science, Google Scholar, a Ttakke mo odunmamsHbIM
WHCTUTYLIMOHANBHBIM HCTOYHUKAaM. M3 412 mepBOHAaYanbHO BBISBIECHHBIX 3amucedl 45 MCTOYHHKOB COOTBETCTBOBAIN
KPUTEPHSIM BKIIFOUEHHUS M BOIIUIM B UTOTOBBIN aHAJIHN3.

PesyabTaTei: B 2024 1. B Mupe 3apeructpupoBaHo okosno 10,7 miaH HOBBIX ciydaeB Th um 1,23 mumH cmepred,
CBsI3aHHBIX ¢ 3a0oneBanueM. Ha nomo BJITH mpuxonures nmpumepHo 15-16% 3aperucTpupoBaHHBIX CiIy4daeB, OJIHAKO
peanbHOe Opemsi MoxkeT ObITh Bbime. [langemus COVID-19 Hapymmia BBISBISEMOCTb W HENPEPHIBHOCTH JICUEHHUS,
BBISIBUB CTPYKTYpHBIE C€a0OCTH NPOTHBOTYOEpKyJie3HbIX mHporpamMm. B Kaszaxcrane 3a mocnemnee necstuieTrne
JIOCTUTHYTO 3HAUUTEIIBHOE CHU)KEHUE Nokaszarenedl Th, paclnpeHo HDpUMEHEHHE MOJIEKYJISIPHON JMarHOCTUKH,
1(poBOro MOHUTOPHHra U MHTErpanuu nomony B cucremy IIMCII. Bmecrte ¢ TeM COXpaHSIOTCS BBICOKHIH YpOBEHB
MIIY-TB, TeppuTopHanbHble pPa3Iuuusi B AOCTYHHOCTH CIELUAIN3UPOBAHHOM MOMOINM M MO3JHSS AMAarHOCTHKA
BHEJIETOYHBIX (hOpM.

O6cyxnenne: DPGheKTUBHBIN KOHTPOJIb HalX TyOepkyne3om (TB) HampsMyro 3aBUCHUT HE TOJBKO OT JOCTHDKEHUN
OMOMETUIIMHBL, HO M OT CIIOCOOHOCTH CHCTEMBI 3JpPAaBOOXPAHEHUS OOECTeYMBATH YETKYI0 KOOPAMHAIIUIO MEXTY
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JIUATHOCTUKOW W jedeHneM. OJHUM W3 KITIOYEBBIX BBIBOJIOB HMCCIEIOBAaHUS CTalO TO, YTO BHEJIETOYHBIM TyOepKyJje3
(BJITB) 3agacTyro ocCTaeTcssi BHE TOJSA 3PEHHS KIWHHUIMCTOB W3-32 HECMEeNU(MUUHOCTH €ro CHMITOMOB H
HEOOXOIUMOCTH PIMEHEHHS CJIOKHBIX AUarHOCTHYECKHX moaxoaoB. Crnoxuoctu B BeisiBiieHnH BJITH B Kazaxctane u
COTIPENIeNbHBIX PETHOHAX IHUKTYIOT HEOOXOAMMOCTH YKpEIUICHHS WHTETPAallid Ha YpPOBHE MEPBHYHON MEIHKO-
canurapaoit oMo (IIMCII) 1 HOBBIIICHUST KIMHAYECKOW HACTOPOKEHHOCTH MEIUIMHCKOTO IepcoHana. B To xe
BpeMst 3()()EeKTUBHOCThP HMHHOBALMOHHBIX PEXHMOB Tepamuu TyOepKyle3a ¢ MHOXECTBEHHOH JIeKapCTBEHHOM
ycroiurBocThio (MJIY-TB) BO MHOTOM JTUMUTHPYETCS CKOPOCTHIO MOCTAHOBKM AMArHO3a M KaYyeCTBOM COIMAJILHO-

3KOHOMHUYECKOMN NOAACPIKKH MallUCHTOB.

BruiBoabl: Dddexrunas mmksunanus Tb tpebyer Gonee panHero BwisiBneHus BJITH na yposne IIMCII, paBHoro
JIOCTYNa K OBICTPBIM MOJIEKYJISIPHBIM TECTaM, PaclIMpeHHs NMPUMEHEHHs COKPAIleHHbBIX JOKa3aTeIbHBIX CXEM JICUCHHUS
n HopMHPOBaHUS YCTOWYMBBIX NAlMEHT-OPUEHTUPOBAHHBIX Mojienield momony. KaszaxcraH 1eMOHCTpUPYET 3HAYMMBIN
nporpecc, oxHako aist poctikeHus nened End TB HeoOxoaumbl maibHe#Ias MOJIepHHU3AIMS CUCTEMBI U aJlpecHbIe

pedopmEr.

KiioueBble cjioBa: BHEJETOYHBIM TyOepKyne3, amuAaeMus TyOepKyiesa, JICKapCTBEHHO-YCTONUMBBIA TyOepKyIes,
WHHOBAIMOHHBIE TEXHOJIOTHH, IEPBUYHAS MEIUKO-CAHUTapHas momoipb, Kasaxcran

Introduction

Tuberculosis (TB) remains one of the leading
causes of death from a single infectious agent
worldwide, despite decades of coordinated
global control efforts. According to the World
Health Organization (WHO), an estimated
10.7 million people developed TB in 2024,
while 1.23 million deaths were attributed to
the disease, including substantial mortality
among people living with HIV [1]. Although
considerable progress has been achieved over
the last two decades through expanded access
to diagnosis, treatment, and prevention, TB
continues to disproportionately affect low- and
middle-income  countries and  socially
vulnerable populations [1,2,30].

The global response to TB experienced major
disruption during the COVID-19 pandemic.
Reductions in screening activities,
interruptions in treatment continuity, diversion
of health-care personnel, and restricted access
to primary health care (PHC) services
contributed to delayed diagnosis and increased
transmission risk in many settings [11,12,14].
Although case notification rates have
gradually recovered in several countries, the
pandemic exposed structural weaknesses in
TB programmes and underscored the need for
more resilient, decentralized, and patient-
centred systems of care. In parallel, TB
remains strongly associated with poverty,
undernutrition, migration, overcrowding, and
HIV co-infection, confirming its status as both
a biomedical and socially determined disease
[1,8].

An additional challenge is the persistent
burden of drug-resistant tuberculosis (DR-TB),
particularly multidrug-resistant or rifampicin-
resistant TB (MDR/RR-TB). WHO estimates
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indicate approximately 400,000 incident
MDR/RR-TB cases annually worldwide, while
treatment success remains substantially lower
than for drug-susceptible TB despite the
introduction of shorter and all-oral regimens
[1,3-7]. This continuing gap highlights the
importance of rapid molecular diagnostics,
timely drug-susceptibility testing, optimized
adherence support, and equitable access to
second-line treatment [5,31].

Within the broader TB agenda,
extrapulmonary tuberculosis (EPTB) remains
comparatively  under-recognized. EPTB
accounts for approximately 15-16% of
reported TB cases globally, although the true
burden is likely underestimated because of
diagnostic  complexity and incomplete
reporting systems [13-15]. Unlike pulmonary
TB, EPTB frequently presents with non-
specific clinical manifestations, often requires
invasive or technically demanding specimen
collection, and may involve multiple organ
systems, including lymph nodes, pleura,
bones, joints, the genitourinary tract, and
central nervous system [15,16,21,22]. Delayed
diagnosis is common and may result in
avoidable complications, disability, and
prolonged morbidity [17].

Kazakhstan represents an important setting for
examining these challenges. The country has
achieved substantial reductions in overall TB
incidence over the past decade and has
actively modernized TB services through the
introduction of molecular diagnostics, digital
monitoring  approaches, and  broader
integration of TB care into PHC structures
[9,10]. However, several unresolved issues
remain, including a high burden of MDR-TB,
inequalities in access to specialized services,
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and persistent gaps in early identification of
extrapulmonary disease [9]. These priorities
are particularly relevant in the post-COVID
period, when health systems are reassessing

surveillance capacity and continuity of
essential services [14].
Despite  numerous WHO reports and

international reviews on TB control, relatively
few publications have specifically examined
the intersection of EPTB detection, health-
system readiness, diagnostic innovation, and
post-pandemic service recovery in Central
Asian  settings [2,30,34]. Moreover,
Kazakhstan’s experience may offer relevant
lessons for countries managing TB control
under conditions of epidemiological transition
and persistent drug resistance [9,34].
Therefore, the aim of this structured narrative
review was to synthesize current global
evidence and Kazakhstan-specific data on
extrapulmonary tuberculosis, with particular
focus on diagnostic innovations, PHC-related
detection challenges, and priority strategies for
strengthening TB control in the post-COVID
era.

Materials and Methods

Study design

This study was conducted as a structured
narrative review with systematic search
procedures and transparent source selection
methods. This design was considered
appropriate because the available evidence on
tuberculosis (TB), extrapulmonary
tuberculosis (EPTB), and post-pandemic TB
service recovery is heterogeneous and includes
surveillance  reports, policy documents,
observational studies, clinical investigations,
and review articles that are not sufficiently
comparable  for  formal  meta-analysis.
Therefore, PRISMA 2020 principles were

(OTV3VI0MYAbMOHONOrMA

identification, screening, and reporting, while
the review was not intended as a quantitative
systematic review.

Review objectives and analytical scope

The review was designed to synthesize
evidence across three interconnected domains:
1. global epidemiology of TB and drug-
resistant TB;

2. diagnostic and health-system challenges
related to EPTB;

3. Kazakhstan-specific ~ developments in
molecular diagnostics, primary health care
(PHC) integration, and post-COVID service
recovery.

Particular emphasis was placed on translating
international evidence into the context of a
middle-income country with a persistent
burden of multidrug-resistant tuberculosis
(MDR-TB).

Search strategy

A structured literature search was conducted
for publications issued between 1 January
2015 and 30 September 2025. Earlier
landmark policy documents were additionally
considered when required for historical

continuity, including the WHO End TB
Strategy.
Searches were performed in

PubMed/MEDLINE, Scopus, Web of Science
Core Collection, and Google Scholar. Grey
literature and official reports were identified
through targeted searches of the websites of
the World Health Organization (WHO),
European Centre for Disease Prevention and
Control (ECDC), Stop TB Partnership,
UNICEF Kazakhstan, and the Ministry of
Health of the Republic of Kazakhstan.

The search strategy combined indexed terms
and free-text keywords using Boolean
operators (AND, OR). Search syntax was
adapted to each database (Table 1).

applied to improve transparency in

Table 1 - Representative search strings included:

Database Example search strategy

PubMed ("Tuberculosis"[Mesh] OR tuberculosis) AND ("Extrapulmonary tuberculosis” OR EPTB)

PubMed ("Tuberculosis, Multidrug-Resistant"[Mesh] OR MDR-TB OR RR-TB) AND (diagnosis OR
treatment)

PubMed tuberculosis AND ("Primary Health Care" OR PHC)

PubMed tuberculosis AND (COVID-19 OR pandemic)

Scopus /WoS TITLE-ABS-KEY (tuberculosis AND Kazakhstan)

Scopus / WoS TITLE-ABS-KEY (“extrapulmonary tuberculosis" AND diagnostic)

Scopus / WoS TITLE-ABS-KEY ("multidrug-resistant tuberculosis" OR MDR-TB)

OBLUIECTBEHHOE 3010POBbE 1 OPrAHW3ALIUA 3[1PABOOXPAHEHWA
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Google Scholar "tuberculosis Kazakhstan"
Google Scholar "extrapulmonary tuberculosis Kazakhstan"

Additional searches were conducted in
Russian to improve retrieval of regional and
national  publications not indexed in
international databases. Reference lists of
eligible studies and major WHO reports were
also manually screened to identify further
relevant sources.

Eligibility criteria

Sources were included if they met one or more
of the following criteria:

o peer-reviewed original studies addressing
TB  epidemiology, EPTB, diagnostics,
treatment  outcomes, or health-service
organization;

 Systematic reviews or high-quality narrative
reviews relevant to the review objectives;

« WHO, ECDC, or other international
institutional reports containing quantitative
indicators;

« official national reports from Kazakhstan
providing surveillance or programmatic data;

e publications examining disruption or
recovery of TB services during and after the
COVID-19 pandemic.

Sources were excluded if they were duplicate
records, lacked identifiable methodology, had
no direct relevance to the review question, had
inaccessible full text, or had been superseded
by newer and methodologically stronger
evidence without unique historical relevance.
Study selection

The initial search identified 412 records. After
duplicate removal, titles and abstracts were
screened for relevance. Full texts of potentially
eligible records were then reviewed. Final
inclusion was based on methodological
credibility, recency, relevance to predefined
domains, and contribution to synthesis. A total
of 45 sources were retained for final analysis.
The study selection process is presented in
Figure 1.

_ Records identified through database searching
= (412)
=
é Databases: PubMed (n=132), Scopus (n=156),
= Web of Science (n=88), Google Scholar (n=36)
E Additional records identified through other sources
— (n=0)
A A
Records after duFllcates removed Records excluded
ol = (n=200)
g * Not relevant to review topic
& i (n=150)
; Records screened .
B (n=278) — * Not primary research/low
- evidentiary value (n=30)
» Otherreasons (n=20)
E- ! Full —text reports excluded
= (n=33)
= Full-text It d fi . .
BO ui-extreports a.s_sesse or —_— » Insufficient methodological
= eligibility (n=78)
= relevance (n=7)
» Superseded by more recent
evidence (n=12)
» Duplicate data / overlapping reports
+ (m=14)
§ Sources included in
= final review
S (n=45)

Figure 1 - PRISMA 2020 flow diagram of literature search, screening,
eligibility assessment, and final source inclusion

Evidence hierarchy and source weighting
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To address differences in evidentiary strength,
included materials were interpreted according

Table 2 - Evidence hierarchy and source weighting

(TI3VONYNbMOHONOTMA >
to a predefined hierarchy (Table 2).

Level Source category Analytical priority
I WHO, ECDC, official surveillance datasets Highest
I Systematic reviews and meta-analyses High
11l Peer-reviewed original studies Moderate to high
[\ National reports and administrative statistics Moderate
\Y Regional contextual literature Supportive only

Where conflicting estimates were identified,
preference was given to more recent and
higher-level evidence.

Data extraction and synthesis

For each included source, information was
extracted on publication year, geographic
setting, study design, population or data
source, principal findings, and relevance to
one or more review domains. Narrative
synthesis was subsequently organized into the
following thematic areas:

e global TB and MDR-TB trends;

« epidemiology and diagnostic complexity of
EPTB;

 innovations in diagnostics and treatment;

o PHC integration and barriers to access;

« impact of COVID-19 on TB services;

» Kazakhstan-specific achievements, gaps,
and transferable lessons.

Comparative interpretation was used to
identify recurring patterns, inconsistencies
across settings, and implications for policy and
practice.

Methodological limitations

Because of heterogeneity in study designs and
outcome measures, pooled quantitative
synthesis was not appropriate. Some
Kazakhstan-specific indicators were derived
from administrative reports rather than peer-
reviewed studies. However, triangulation of
international and national evidence was used
to strengthen contextual validity.

Ethical considerations

This review used only publicly available
aggregated data and previously published
literature. No human participants were
involved; therefore, ethical approval and
informed consent were not required.

83

Results

Global tuberculosis trends and post-pandemic
recovery

Tuberculosis remains a major global public
health challenge despite measurable long-term
progress in mortality reduction. According to
the WHO Global Tuberculosis Report 2025,
approximately 66 million lives were saved
between 2000 and 2023 through expanded
access to diagnosis and effective treatment
strategies [1]. In 2024, an estimated 10.7
million incident TB cases and 1.23 million
TB-related deaths were reported worldwide,
confirming that TB continues to rank among
the leading causes of death from a single
infectious agent [1].

Global case notifications increased to 8.3
million in 2024, representing the highest
annual number reported since WHO
monitoring began and indicating substantial
recovery from the diagnostic disruptions
observed during the COVID-19 pandemic
[1,30]. Nevertheless, the gap between
estimated incidence and officially notified
cases suggests persistent underdiagnosis,
delayed care-seeking, and incomplete
surveillance coverage in several high-burden
settings.

Marked regional heterogeneity remains
evident. Countries with stronger laboratory
capacity and established treatment
programmes  demonstrated  faster  post-
pandemic recovery, whereas health systems
affected by resource constraints, conflict, or
workforce shortages continued to report
slower restoration of TB services [1,34].
Drug-resistant tuberculosis: persistent
therapeutic and programmatic burden
Drug-resistant tuberculosis (DR-TB),
particularly multidrug-resistant or rifampicin-
resistant TB (MDR/RR-TB), remains one of
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the most difficult barriers to achieving End TB
targets. WHO estimates continue to indicate
hundreds of thousands of new MDR/RR-TB
cases annually, while treatment outcomes
remain substantially lower than those observed
for drug-susceptible TB [1,3,7].

Recent evidence demonstrates meaningful
progress with shorter all-oral regimens,
improved tolerability profiles, and expanded
use of bedaquiline-containing combinations
[5,31]. However, real-world implementation
remains uneven because of delayed drug-
susceptibility testing, procurement constraints,
pharmacovigilance requirements, and limited
specialist capacity in some settings [3,6].
These findings indicate that therapeutic
innovation alone is insufficient without
parallel strengthening of diagnostic and
delivery systems.

Extrapulmonary tuberculosis: underestimated
clinical burden

Extrapulmonary tuberculosis (EPTB) remains
comparatively  under-recognized  within
national TB programmes. Available evidence
suggests that EPTB  accounts  for
approximately 15-16% of reported TB cases
globally, although the true burden is likely
underestimated because many forms are
diagnostically challenging and may not be
microbiologically confirmed [13-16].

Across multiple settings, lymphatic, pleural,
osteoarticular, genitourinary, and central
nervous system involvement represent the
most frequently described forms [16,21,22].
Unlike pulmonary TB, EPTB often presents
with non-specific symptoms and may require
biopsy, imaging, histopathology, or molecular
confirmation from difficult-to-obtain
specimens. Consequently, delayed diagnosis
remains common and is associated with
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prolonged morbidity, irreversible functional
impairment, and increased health-care
utilization [15,17].

These findings support the view that EPTB
should be considered not only a clinical
problem but also a systems issue involving
referral pathways, diagnostic infrastructure,
and frontline clinical awareness.

Tuberculosis control in Kazakhstan
Kazakhstan has achieved substantial progress
in TB control over the past decade. Registered
TB cases declined from 16,391 in 2014 to
6,548 in 2023, corresponding to an
approximate 60% reduction in absolute
notifications [9]. National treatment success
rates for drug-susceptible TB have remained
favorable and exceed many regional averages
reported within the WHO European Region
[9,34].

The country has also expanded access to rapid
molecular  diagnostics, including  Xpert
MTB/RIF platforms and polymerase chain
reaction  (PCR)-based  methods, while
gradually integrating TB case-finding and
follow-up into PHC services [9,10]. Digital
adherence monitoring and modernization of
surveillance systems have further supported
continuity of care.

Despite these gains, several unresolved
challenges persist. Kazakhstan continues to
report a high burden of MDR-TB, with
rifampicin resistance and multidrug resistance
remaining major programmatic concerns [9].
Geographic disparities in access to specialized
diagnostics may further contribute to delayed
diagnosis outside major urban centres.Key
longitudinal indicators of tuberculosis control
progress in Kazakhstan are summarized in
Table 3.

Table 3 - Key tuberculosis control indicators in Kazakhstan: comparative overview (2014 vs 2023)

Indicator 2014 2023

Interpretation

Registered TB cases
(absolute number)

16,391 6,548

Approximately 60% reduction in
notified cases over the study period

National TB trend Baseline year

Marked decline

Reflects sustained control efforts and
improved programme performance

Access to  rapid | Limited / | Broadly Increased use of Xpert MTB/RIF
molecular diagnostics | expanding implemented and PCR technologies

phase
Integration of TB | Partial Expanded Greater decentralization of screening

services into PHC

and follow-up care
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Digital adherence /| Minimal Established /| Improved monitoring and continuity
surveillance tools expanding of care
Drug-susceptible TB | Lower historical | >85% Favorable  treatment  outcomes
treatment success baseline maintained
MDR-TB burden | High Persistently high | Remains a major unresolved
among new cases challenge
Geographic equity in | Uneven Improved but | Rural and remote disparities remain
access incomplete

Abbreviations: TB, tuberculosis; PHC, primary health care; MDR-TB, multidrug-resistant

tuberculosis; PCR, polymerase chain reaction.

Impact of COVID-19 on Kazakhstan TB
services

As in many countries, TB detection in
Kazakhstan was temporarily affected during
the COVID-19 period because of reduced
outpatient attendance, reallocation of staff, and
interruption of routine screening pathways.
Subsequent restoration of notification trends
indicates  recovery;  however, evidence
suggests that wvulnerable populations and
remote communities may have experienced

Table 4 - Priority directions for strengthening TB control

slower re-engagement with diagnostic services
[9,14].

These findings reinforce the importance of
decentralized TB services capable of
maintaining continuity during future health
emergencies.

Priority directions for strengthening TB

control
Synthesis of the reviewed evidence identified
several strategic priorities relevant to

Kazakhstan and comparable settings (Table 4).

Priority domain Operational implication

EPTB detection capacity

Strengthen PHC recognition of atypical TB presentations and accelerate referral pathways

Diagnostic modernization

Expand equitable access to molecular testing and imaging-supported pathways

MDR-TB management

Scale shorter all-oral regimens with rapid drug-susceptibility testing

Geographic equity

Develop outreach and mobile models for remote regions

Social protection

Address stigma, treatment interruption risk, and patient support needs

System resilience

Maintain TB surveillance and treatment continuity during public health emergencies

Overall, the evidence indicates that substantial
progress in TB control is achievable when

diagnostic modernization, treatment
innovation, and health-system integration
occur simultaneously. However, persistent

MDR-TB burden, under-recognition of EPTB,
and unequal access to care continue to slow
progress. Kazakhstan demonstrates meaningful
national advances, yet ongoing reforms should
prioritize earlier EPTB diagnosis, equitable
service delivery, and long-term resilience of
TB programmes.

Discussion

Principal interpretation of findings

This review demonstrates that modern
tuberculosis (TB) control depends not only on
biomedical advances, but on the ability of
health systems to deliver timely diagnosis,
uninterrupted treatment, and equitable access
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to care. Although global mortality has declined
substantially, progress remains insufficient to
achieve End TB milestones, particularly in
countries facing persistent drug resistance,
concentrated social vulnerability, and post-
pandemic recovery pressures [1,2,8,30,35].
Extrapulmonary tuberculosis as a neglected
programmatic domain

A central finding of this review is that
extrapulmonary tuberculosis (EPTB) remains
comparatively under-recognized within many
TB programmes. Surveillance systems and
performance indicators are traditionally
oriented toward pulmonary TB because of
transmission relevance; however, this may
underestimate clinically significant EPTB
burden. Regional evidence from Kazakhstan
and neighboring settings indicates persistent
diagnostic ~ challenges,  especially  for
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lymphatic,  osteoarticular,
genitourinary forms [21,22].
Because EPTB frequently presents with non-
specific manifestations and often requires
imaging,  biopsy, or histopathological
confirmation, delayed diagnosis remains
common. This suggests that TB programmes
should incorporate EPTB-specific indicators,
including diagnostic delay, referral interval,
and disability outcomes rather than relying
solely on smear-positive pulmonary indicators
[13-16].

Extrapulmanary tuberculosis (EPTB) remains
a’ complex domain’ within both the clinical
and organizational frameworks of the health
system. It often presents with non-specific
clinical manifestations, frequently coming to
the attention of various medical specialist and
necessitating diagnostics, patient routing, and
treatment across different levels levels of care
[36,37]. In practice, core challenges emerge at
the intersection of low clinical suspicion,
limited access to procedures and diagnostic
tests, a lack of standardization, and varying
levels of proficiency among healthcare
personnel.  These  factors  collectively
contribute to diagnostic delays, the initiation
of empirical treatment, and an increased risk of
adverse clinical outcomes [38,39].

Importance of primary health care and
integrated pathways

The findings also highlight the strategic role of
primary health care (PHC). Many patients
initially present to non-specialist providers,
where symptoms may mimic oncological,
rheumatological, neurological, or surgical
conditions. In Kazakhstan, gradual integration
of TB care into PHC structures represents an
important systems reform, particularly when
combined with broader communicable disease
service integration initiatives [10,17].
Strengthening PHC capacity through clinical
training, referral algorithms, and rapid access
to confirmatory testing may substantially
improve earlier EPTB recognition and reduce
unnecessary delays [14,31].

Studies conducted in European countries, such
as Germany and France, have demonstrated
that early case detection in outpatient setting-
specifically through the utilization of
radiographic methods and MRI-significantly

pleural, and
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reduces the risk of disability and disease
progression [40].

According to research in  Uzbekistan,
enhancing the proficiency of primary health
care (PHC) physicians plays a pivotal role in
improving the early detection rates of
tuberculosis forms. The study particularly
emphasizes the importance of training
programs at increasing the level of clinical
suspicion among PHC providers regarding
extrapulmonary tuberculosis. The results
revealed significant disparities in diagnostic
quality between regions with highly organized
preventive systems and areas where physicians
alertness remained low [41].
Drug-resistant TB: treatment
versus implementation reality
The therapeutic landscape for multidrug-
resistant TB (MDR-TB) has improved with
shorter and all-oral regimens. However,
treatment innovation alone does not guarantee
programmatic success. Real-world outcomes
remain constrained by delayed resistance
testing, medicine procurement  barriers,
toxicity monitoring needs, and treatment
interruption linked to socioeconomic hardship
[3-7,31].

Economic analyses further suggest that wider
access to effective shorter regimens may
reduce long-term health-system costs by
lowering hospitalization and treatment failure
burden [19]. Therefore, MDR-TB policy

innovation

should integrate financing strategy with
clinical modernization.

Screening, prevention, and vulnerable
populations

Another implication concerns case finding
beyond passive diagnosis. Evidence indicates
that vulnerable and underserved populations
are less likely to access timely TB services
without proactive outreach [20,33]. This is
particularly relevant after the COVID-19
period, when missed or delayed diagnoses
accumulated in several settings [11,12].

Preventive strategies, including targeted
screening and management of latent TB
infection, remain essential components of
sustainable  TB  reduction and should
complement treatment-focused models [32]. In
parallel, infection prevention and control
measures within healthcare facilities remain



| N02 (52 2026

necessary to reduce nosocomial transmission
risks [24].

Individual clinical observations  further
highlight the diverse clinical presentations of
extrapulmonary  tuberculosis  forms in
Kazakhstan. Specifically, cases of tuberculous
bone tissue involvement have been described
in patients with systemic comorbidities. This
underscores the critical need for timely
diagnostics and latent infection screening,
particularly in patients undergoing
immunosuppressive therapy.[42].

In several countries with low incidence rates,
attempts were previously made to limit the
scope of contact tracing for extrapulmonary
tuberculosis (EPTB), based on the assumption
that the risk of infection transmission was
minimal. However, data from the United
Kingdom demonstrated that the prevalence of
active tuberculosis detected among household
contacts of EPTB patients is consistent with
indicators from other screening programs and
may exceed the threshold values used to
justify migrant screening; this provided
evidence  for  reconsidering  restrictive
approaches to contact tracing in EPTB cases
[43]. Furthermore, economic evaluations of
contact tracing strategies (using London as an
example) showed that the "benefit" derived
from screening EPTB contacts is highly
dependent on model assumptions and the
healthcare system context, which explains the
discrepancies between guidelines and practice
[43]. Empirical data from high-prevalence
centers indicated that both latent tuberculosis
infection and active forms are identified
among contacts of patients with EPTB; this
confirms the appropriateness of continuing
contact screening in such cases and the
necessity of conducting local audits of its
effectiveness [44].

A critical conclusion for screening programs:
simply mandating screening formally is
insufficient—its  effectiveness must  be
measured by execution timelines and 'cascade
gaps'; otherwise, the preventive potential will
not be realized.[45].

Kazakhstan in the regional context
Kazakhstan illustrates how declining national
TB incidence may coexist with persistent
epidemiological complexity. Despite
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meaningful reductions in notifications and
expansion of molecular diagnostics, the
country continues to face a substantial MDR-
TB burden and ongoing demand for EPTB
diagnostic capacity [9].

Comparable challenges are reported across
parts of Eastern Europe and the Russian
Federation, where historical  resistance
patterns, geographic inequalities, and service
centralization  have  complicated TB
elimination efforts [18,34]. This indicates that
uniform strategies may be less effective than
regionally adapted approaches.

Policy implications

The evidence supports a transition toward
person-centred and resilient TB systems.
Vertical ~ disease  programmes  remain
important, but are insufficient when patients
face poverty, migration, stigma, transport
barriers, or fragmented care pathways.
International analyses continue to highlight the
gap between political commitments and
operational delivery [23,25,26,27].

For Kazakhstan and similar settings, strategic
priorities include:

« earlier EPTB recognition pathways;

« universal rapid molecular testing access;

« decentralized MDR-TB treatment support;
 outreach screening for underserved groups;
« integrated PHC-based follow-up models;
e stronger emergency preparedness
service continuity.

Limitations

This review has several limitations. First, it
was designed as a structured narrative review
rather than a quantitative systematic review;
therefore, pooled meta-analytic estimates were
not appropriate. Second, included evidence
was heterogeneous and combined surveillance
reports, policy documents, observational
studies, and review literature with differing
methodological  strength.  Third, some
Kazakhstan-specific indicators relied on
administrative reporting rather than peer-
reviewed datasets. Fourth, regional evidence
from Central Asia remains comparatively
limited in indexed literature, which may
introduce publication bias. Finally, cross-
country comparisons should be interpreted
cautiously because reporting systems and case
definitions differ.

for
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Conclusion recognition of extrapulmonary disease indicate
The future of TB control will depend less on that  further  reforms are  required.
whether effective tools exist, and more on Strengthening PHC capability, expanding
whether countries can deploy them early, modern diagnostics, and building resilient
equitably, and at scale. Kazakhstan has patient-centred TB services should be central
demonstrated  measurable  progress, et priorities for the next phase of national and

persistent MDR-TB burden and delayed regional TB control.
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KoH(IuKT MHTEpecoB — HE 3asIBJICH.

MgI 3agBisieM 00 OTCYTCTBHH KOH(IUKTOB HHTEPECOB. 3asABIsAEM, UTO JaHHBIN MaTepHal paHee He ITyOINKOBaCS U He
HAXOJIWTCS HA PACCMOTPEHHUH B APYTHX M3/1aTEIHCTBAX.
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BaiimypatoBa M. - 3epTTey TY)XBIPBIMAAMACHIH 931piiey, 9IICHAMAIIBIK CyHeMeIey, FAUIBIMU JKETeKIIIIIK, AepeKTepIi
BaJTMJalysIay, MaKaJlaHbl CBIHH TYPFBIIAH KaliTa Kapay jKoHe peIaKIHsay.

KacenoBa M. - onebOueTtepi i3ney, AepeKTep/i xKyieney, XalbslKapajblK JepeKKo3Iep i Tanay, MaKalaHblH O0acTarKsl
HYCKaChIH Xkazy, «Marepuaniap MeH auicrep» xoHe «Hartmxkenep» OeiMaepiH naibiHay.

Poicky/i0Ba A. - FBUIBIMU JKETEKIIIIK, 9/1iCHAMAIIBIK OaKblIay, ’K00aHbI SKIMIILIIK YiHIeCTipy, AepeKTepai
BauIalysiIay, MaKajJaHblH FBUIBIMA Ma3MYHBIH CBIHU TYPFBIJaH KaiTa Kapay.

Prickyaos F. - pecypcrapasl kamTamacsi3 ety, Kazakctan OOWBIHINIA ASPEKTEPAl Ty, TyOepKyse3ai OaKpuiay
KOPCETKIIITepiH HHTEPIIPETalKsIIay, MaKaJIaHbl PEJaKIUsIIay )KOHE TOJIBIKTHIPY.

CaycanoBa /I. - 3epTTey MaTepHaigapbiH Tallay, OKIeIeH ThIC TyOepKyJie3 ®aHe Jopire To3iMal TyoepKyIies
OOWBIHIIA KIMHUKAJIBIK JePEKTepli HHTepIpeTanusiay, IepeKTepai )Kyieney, MakajlaHbl pelakuusiay.

IlaxaHoBa A. - YITTHIK TyOepKyie3 OaraapiaMachkl OOWBIHIIA ICPEKTEPAl YChIHY, STHISMHOIOTHSIIBIK JKOHE
MOHHTOPHUHITIK KOPCETKIIUTEpl BaTUIanusIay, Kagaranay JepeKTepiH HHTepIpeTalHsIay, MaKalaHbl peIakHsiay.
Bapieik aBTOpIIap MaKaJlaHbl AailbIHAAYFa YiieC KOCTBI, COHFBI HYCKAChIH MaKYJIIa bl dKaHE )KYMBICTBIH OapiIbIK
aCTeKTiIepl YIIiH KayanKepIIiiKTi 63 MOWHBIHA aJlabl.

Bxkaan aTopos

Ky3emoekoBa K. - pa3paboTka KOHIETIIH UCCIIEA0BaHNUS, TOUCK JIUTEPATYPhl, U3BJICYCHUE TaHHbBIX, (GopMabHbIH
aHaJIN3, HaITMCAHNE TIEPBOHAYAIBHOTO BapHaHTa CTaThH, BU3yaJIH3alys, IIOATOTOBKA TaOJIUI] U PUCYHKa, OhOopMIIeHHE
CIIHCKA JTUTEPATYPHI.

BaiimypatoBa M. - pa3paboTKa KOHIIETIIINU UCCIIEOBAHNUS, METOI0JIOTMYECKOE COIIPOBOXKICHHIE, HAYIHOE
PYKOBOJICTBO, BaJIUAaLUsl JaHHBIX, KPUTHUECKUI IEPECMOTP U PEJAKTHPOBAHUE PYKOIHCH.

KacenoBa M. - nouck IuTepaTypbl, CUCTEMAaTH3alMA JAHHBIX, aHAIU3 MEKIYHAPOIHBIX HCTOYHUKOB, HAITMCAHUE
MepPBOHAYAILHOIO BapUAHTA CTaThH, IOATOTOBKA pa3AenoB «MaTepHuasl U METOIbI» U «Pe3ynbTaThiy.

PoickynoBa A. - Hay4HOE PYKOBOJCTBO, METOOJOIMUECKHI KOHTPOIb, R AMUHUCTPATUBHOE CONIPOBOKACHUE NIPOEKTA,
BaJMJalMs JAHHBIX, KpUTHYECKUH NEPECMOTP UHTEILIEKTYaIbHOIO COIEPKAHUS CTaThU.

Pwickyaios I'. - pecypcHoe obecniedenue, aHanu3 JaHHBIX 110 KazaxcraHny, MHTepIpeTanus mokasareei
MIPOTHBOTYOEPKYIJIE3HOTO KOHTPOJIS, PEIAKTHPOBAHUE U JONOTHEHNE PYKOIHCH.

CaycanoBa /I. - aHann3 MaTepuanoB UCCIEIOBAHMUS, KIMHIYECKAsi HHTEPIPETANs JAHHBIX 110 BHEIETOYHOMY U
JIEKapCTBEHHO-YCTOIHUNBOMY TyOepKyJe3y, CHCTeMAaTH3aIs JaHHbIX, pEIaKTHPOBAHIE PYKOIIHCH.

IIaxaHoBa A. - Ipe10CTaBICHNE U BAIUANNS JaHHBIX 10 HAITHOHAIFHON POTHBOTYOEPKYJIE3HOH porpamMmme,
HHTEPIpETanys MUASMUAOIOTHUYECKUX ¥ MOHUTOPHHTOBEIX MTOKa3aTenel, peflakTHPOBaHUE PYKOIIHCH.

Bce aBTOpHI BHECIN BKJIA]l B IOATOTOBKY CTaThH, OI00PHIIN €€ OKOHYATEIHHYIO BEPCHIO M COTIACHIINCH HECTH
OTBETCTBEHHOCTD 32 BCE acClEeKThI BBINOJIHEHHOH paboThI.
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