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Figure 1. Estimates of tuberculosis (TB) burdens in the Republic of Korea and other member countries of the Organiza-
tion for Economic Co-operation and Development countries between 2017 and 2022; (A) TB incidence rate, and (B) TB

mortality rate. TB, tuberculosis.
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Lithuania and Columbia became members of the Organization for Economic Co-operation and Development in 2018 and 2020, respectively.

Min J, Tuberc Respir Dis, 2024.
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Mycobacterium tuberculosis complex

A scanning electron
micrograph of gram-
positive Mycobacterium
tuberculosis bacteria

March 24, 1882
A fyrt Annouced his discovery
of M. tuberculosis
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Most persons with LTBI never become sick with TB; however, approximately 5 to 15% have progression to TB
disease. Shah M et al. N Engl J Med 2021.




Continuum process leading from TB infection to disease

< Early phase — Late phase
p Rapid Cyclic Slow =
Primary TB reactivaton reactivaton Active TB
«  Onset
.  of clinical Subclinical TB |
3] : symptoms : I
° : :
>
0
g Incipient TB I
g
5 ——————
LatentTB ' LatentTB M
Infection m N
eliminated . eliminated TB eliminated I
Time
Infection

*Rising TB burden implies an increase in abundance of TB and pathogen biomarkers, compartment-specific changes
in immunological responses, and a decrease in the probability of disease resolution in the absence of treatment.

Drain PK et al. Clinical Microbiology Reviews 2018.



https://www.knta.or.kr/tbinfo/tbKnow/tbDiseasedSymptom.asp



http://www.jata.or.jp/dl/pdf/data/lang_outline/korea.pdf
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Jeong YJ, et al., BMIC Pulmonary Medicine, 2022.
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Drug-Susceptible Tuberculosis

Current standard 4-drug treatment regimen of 1st line drugs
— Cure rate of

>959% in trial conditions

« >90% in treatment under the oversight of TB-control programs

N Engl J Med 2013,;368:745-755

Global success rates for people treated for TB, 2012-2021

Treatment success rate (%)
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People newly diagnosed with TB (new and relapse
cases) and enrolled on first-line treatment

People diagnosed with MDR/RR-TB and enrolled
on an MDR/RR-TB treatment regimen

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Year started on treatment

Global Tuberculosis Report, WHOI, 2023.
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Conditions of disability overlap with the risk factors for developing TB disease

Weak health system,
poor access

>

Low education

Low SES

Disability

Povert
* y

Food insecurity Crowding, poor

ventilation

— Obesity

- Chronic di r—
I Physical —|—t ronic disease

inactivity

> Malnutrition —

Min J, Epidemiol Health, 2022. 17



TB incidence between people with and without disability

All- without disability All- with disability
-~ Male- without disability -~ Male- with disability
%88 - Female- without disability Female- with disability
180 | T—— ="
170 | R \
160 |- -

Crude incidence rate (/100,000 PY)
8

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 '

Year

Min J, Epidemiol Health, 2022. 18



TB incidence between people with and without disability

Status of disability OR (95% ClI) aOR (95% ClI)
Without disability Reference Reference
With disability 2.47 (2.38 — 2.57) 1.19(1.15-1.24)

Multivariable model was adjusted for age (continuous), sex, income level, and
place of residence.

Min J, Epidemiol Health, 2022. 19



INT J TUBERC LUNG DIS 29(5):207-213
© 2025 The Union http://dx.doi.org/10.5588/ijtld.24.0450

Disability is a risk factor for 1-year mortality after TB diagnosis

J. Min," J.E. Park,? S.Y. Kim,%>3* Y.Y. Kim,>® J.H. Park®3*

Table3. Coxregression analysis of disability as a predictor of all-cause mortality within 1 year after
TB diagnosis among enrolled participants with TB.

ORIGINAL ARTICLE

Hazard ratio (95% confidence interval)

Variables Crude Adjusted*
Disability status

Without disability 1.00 1.00

With disability 2.72 (2.61-2.84) 1.24 (1.19-1.29)
Age, per 10 years 2.19(2.16-2.22) 2.06 (2.02-2.09)
Sex

Female 1.00 1.00

Male 1.43 (1.38-1.48) 1.91 (1.84-1.98)
Income level

Fourth quartile (highest) 1.00 1.00

Third quartile 0.73 (0.70-0.77) 1.14 (1.08-1.20)

Second quartile 0.61 (0.58-0.65) 1.19 (1.13-1.26)

First quartile 0.76 (0.72-0.80) 1.20 (1.14-1.26)

Medical aid (lowest) 1.71 (1.62-1.81) 1.36 (1.28-1.44)
Place of residence

Metropolitan 1.00 1.00

Urban 1.33(1.27-1.38) 0.99 (0.95-1.03)

Rural 1.85(1.76-1.93) 0.92 (0.88-0.96)
Charlson Comorbidity Index

0 1.00 1.00

1-2 417 (3.68-4.72) 1.82 (1.61-2.07)

3-4 14.20 (12.57-16.03) 3.45 (3.05-3.97)

>5 40.05 (35.53-45.14) 7.82 (6.92-8.84)

*Adjusted for age, sex, income level, place of residence, and Charlson Comorbidity Index.

Min J, IJTLD 2025.

Survival probability
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Long-term mortality of patients with tuberculosis in Korea

* NHIS & KOSIS databases in the Republic of Korea, 2003-2016

*  Mean follow-up period; 74.3 £ 51.7 months

« Survival probability at 1, 5, and 10 years after diagnosis; 87.8%, 75.3%, and 63.3%
» Overall SMR of TB patients to the general population ; 3.23 (95% Cl, 3.21-3.25)
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Park SC, IJTLD 2020.
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Long-term mortality of patients with tuberculosis in Korea

Table 2 Cause of death following tuberculosis diagnosis by time period

Total period Within 1 year 1-5 years After 5 years
Causes of death n (%) n (%) n (%) n (%)
Tuberculosis 21070 (20.3) 15278 (37.7) 3884 (10.7) 1908 (7.1)
Pneumonia 4802 (4.6) 1389 (3.4) 1690 (4.6) 1723 (6.4)
CLRD 5307 (5.1) 1107 (2.7) 2108 (5.8) 2092 (7.8)
Lung cancer 9897 (9.5) 4287 (10.6) 3869 (10.6) 1741 (6.5)
Other cancers 14980 (14.4) 5226 (12.9) 5955 (16.3) 3799 (14.2)
CDVD 6250 (6.0) 1799 (4.4) 2247 (6.2) 2204 (8.2)
CBVD 6152 (5.9) 1924 (4.7) 2408 (6.6) 1820 (6.8)
DM 4548 (4.4) 1302 (3.2) 1918 (5.3) 1328 (5.0)
Hypertension 1319 (1.3) 368 (0.9) 510 (1.4) 441 (1.6)
Others 28307 (27.3) 7368 (18.2) 11487 (31.5) 9452 (35.4)
Unknown 1050 (1.0) 467 (1.2) 361 (1.0) 222 (0.8)
Total 103 682 (100.0) 40515 (100.0) 36437 (100.0) 26730 (100.0)

CLRD = chronic lower respiratory disease; CDVD = cardiovascular disease; CBVD = cerebrovascular disease; DM =
diabetes mellitus.

Park SC, IJTLD 2020. 22



Long-Term Mortality of Tuberculosis Survivors in Korea:
A Population-based Longitudinal Study

« NHIS database in the Republic of Korea

* TB survivors (n=82,098) aged >20 years between 2010 and 2017, and 1:1 age- and sex-
matched controls (n=82,098)

« Followed up for death 1 year after study enrollment until Dec 2018

« Long-term mortality was adjusted for behavior habits (smoking, alcohol consumption, or
exercise), income level, BMI, & comorbidities

- Mortality risk in TB survivor ' 014 ogmkpeo

— aHR, 1.62 (95% CI, 1.54-1.70) g 0w
% 0.06
The long-term mortality risk was significantly i

higher in TB survivors than those in the e contes

matched controls, even after adjusting for s °7 : v H
potential confounders. No. at risk vears
TB survivors 82 098 59 038 37 322 15 946
Matched controls 82 098 60 253 38724 16 767

Choi H, Clin Infect Dis 2023. 23



Long-term mortality after tuberculosis
among people with disabilities in Korea

1.0

0.8

0.6

0.4

Survival Probability

0.2

0.0

Without disability = 274,340
With disability | 30,715

Min J, JKMS, 2025 [accepted].

0

262,300 204,561 144,771 82,355
29,125 19,977 13,077 6,651
2 4 6 8

Time (years)

—— Withoutdisability ——— Withdisability

Log-Rank p <0.001

22,625
1,691

10
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Cox regression analysis of disability
as a predictor of long-term all-cause mortality
among tuberculosis survivors

Status of disability HR (95% CI) aHR (95% ClI)
Without disability Reference Reference
With disability 2.90 (2.82 — 2.97) 1.33 (1.30 -1.37)

Multivariable model was adjusted for age, sex, income level, place of residence,
and Charlson Comorbidity Index.

Min J, JKMS, 2025 [accepted]. 25



of ojx|= d<

ol
ol

o7t &

ke

KO
10
od

Klo
oF
{o}

=
10

Rl

26



HE oA d o & 2
Chronic Obstructive Pulmonary Disease
COPD
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NORMAL BRONCHUS CHRONIC BRONCHITIS

Inflammation

Increased
number of
mucous glands

Excess mucus
causing chronic
cough




Healthy lungs Emphysema

Healthy
alveoli / SmOklng and
Emphysema

Large air cavity
lined with carbon
deposits formed

Harmful particles
trapped in alveoli

= Inflammatory
chemicals dissolve
alveolar septum

Inflammatory
response triggered



Case: 48/M patient with persistent cough

Chest X-ray
initial:2016.11.09
f/u: 2017.09.13

Chest CT f/u
2017.08




Case: 48/M patient with persistent cough

Spirometry
FvVC Liters
FEV1 Liters
FEV1I/IFVC %
FEV3 Liters
FEF25-75% Lisec
FEF50% L/sec
PEF L/sec
FET100% Sec
FIVC Liters
FVL ECode

Diffusing Capacity
DLCO mL/mmHg/min
DL Adj mL/mmHg/min

DLCONVA  mL/mHg/min/L
DUVAAd]  mL/mHg/min/L

VA Liters
IVC Liters
DLCO ECode

Ref

439
343
75

3.14
4.09
7.97

4.26

18.9
18.9
4.12

(36-5.2)
2.7 -4.1)

(1.7 - 4.5)
(1.4 -6.8)
(4.1-11.8)

(2.9-58)

(10.7 - 27.1)
(10.7 - 27.1)
(2.3-6.0)

Pre % Ref
2.83 64
2.27 66

80
2.74
2.00 64
2.44 60
6.70 84
6.61
2.46 58
001000
15.3 81
15.3 81
4.21 102
4.21
3.63
2.68
0000

Post

2.88
2.33

81
2.75
2.11
2.70
6.02
4.92
1.88
000011

% Ref %Chg

66
68

20 Bude © 0

Pulmonary function test after completion of anti-TB treatment
— Combined obstructive and restrictive pattern

Diagnosis: TB-destroyed lung with chronic airway obstruction

31




Excessive inflammation Excessive fibrosis

Stiffening of lung

Airway narrowing parenchyma

Obstruction Restriction

Pulmonary cavitation
Distortion of airways

Reduced capacity
to expel air out of
the lungs

Reduced capacity
to inhale to full
potential

Bronchogenic spread and Fibrotic bands

endobronchial disease
Caseous necrosis leads
to break down of cavitary
lesions, which pass through
bronchial walls

Decrease in FVC
and/or increase in
FEV1/FVC ratio

Decrease in FEV1
Bronchovascular

distortion

Bronchiectasis
Destruction of elastic and
muscular components of
bronchial walls

Pleural thickening

Mechanisms and radiographic features associated with airflow obstruction and
restrictive ventilatory defects in patients with a history of TB

Ravimohan S, Eur Respir Rev 2018. 32



Post-tuberculosis lung disease

e Defined as ...

— Evidence of a chronic respiratory abnormality, with or without symptoms,
attributable at least in part to previous tuberculosis

- 1st International Post-Tuberculosis Symposium (2019)

— 1}H m|Zso =z olst B HOl S Z7|A4 o|& &~HA
- gt XZ XA H5EF (2024), 55ZF
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TB-destroyed lung
COPD (chronic obstructive pulmonary disease)
TOPD (7B-associated obstructive pulmonary disease)

Proposed taxonomy (etiotypes) for COPD

p— — sessesessssssed  TUBERCULOSIS  feeevvereeen,
Classification Description H .
Genetically determined Alpha-1 antitrypsin deficiency (AATD) E .
COPD (COPD-G) Other genetic variants with smaller effects . ]
acting in combination H :
COPD due to abnormal lung Early life events, including premature birth i' D i";:tl:_:;‘::? Matrixme!allaprut.einases
development (COPD-D) and low birthweight, among others E 3 {(MMPs) sec:etlun
Environmental COPD E s :
Cigarette smoking COPD (COPD-C) Exposure to tobacco smoke, including in utero or via : s, E
passive smoking : A .
Vaping or e-cigarette use E - v
Cannabis E - Destruction of
Biomass and pollution exposure Exposure to household pollution, ambient air pollution, EE ' '.' extracellular matrix
COPD (COPD-P) wildfire smoke, occupational hazards H % .
COPD due to infections (COPD-I) Childhood infections, Tuberculosis-associated COPD :, :'# ¥ q
HIV-associated COPD ”
] ] Chronic airflow obstruction
COPD and asthma (COPD-A) Particularly childhood asthma
COPD of unknown cause (COPD-U) . . .
Mechanism of airflow obstructions due to TB
Adapted from CELLI et al. [2] and SToLZ et al. [72].

GOLD 2023 Report

AgustiA, Eur Respir J, 2023, Sarkar M, Clin Respir J, 2017
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Similarities and differences PTLD and COPD-C

Characteristics

Similarities

Differences

PTLD

Cigarette smoking COPD

Host

Mostly in older people

Becom patients after episode of
pulmonary TB

Gradually worsens while smoking
for many years or by aging

Clinical symptoms

Mostly respiratory
sympotoms: cough, sputum
and/or dyspnea

Hemoptysis

Dyspnea

Imaging

Emphysema and chronic
bronchitis

\ery heterogenous:
granulomas/fibrosis, calcification,
bronchiectasis, gas-trapping,
tracheobronchial stenosis, pleural
thickening

Overall hyperinflated

Lung pathology and
pulmonary function

Chronic airway obstruction,
decreased diffusion capaticy

Airway obstruction, restriction, or
mixed patterns

Airflow obstruction

Seo W, Korean J Intern Med, 2024. (Adpated from Gai X, Chinese Med J, 2023.)
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% 0 » PulmonaryTBB —— »  COPD
D Y

——» TB pericarditis ——»

— Osteo-articular TB

— > TB menigitis ——»

AR

Acute coronary syndrome
Ischemic stroke %

\

Neurocognitive dysfunction
Functional impairment

e

Paralysis, Disability

Post-TB Economic, Social,

Stimga

Min J, Tuberc Respir Dis, (in revision).

Psychological Wellbeing

Post-TB
Lung
Disease

Post-TB

Cardiovascular and
Pericardial Disease

Spinal defomormity

Post-TB
Neurological
Disease

osteoarticular

Post-TB

Disease
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SY Kyung, et. al. Korean Journal of Internal Medicine, 2008.
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Policy brief on tuberculosis-associated disability, 30 October 2023

{78 World Health
&% organization

Policy brief on
tuberculosis-
associated

disability

Key messages

+ Tuberculosis (TB) is preventable and curable,

however, in 2021, an estimated 10.6 million people

fell ill with TB worldwide, causing an estimated 1.6
million deaths (7).

* One out of four people who get TB also develop TB-

associated disabilities (234) due to impairments

worsened by or developed due to the disease and/or its

treatment.

* People with TB-associated impairments or disabilities also
experience negative implications for health-related quality of life,
TB treatment outcomes and life expectancy (5), generating overall negative impacts on the health system.

+ The management of TB-associated impairments requires a holistic approach delivered in a timely fashion by a
multidisciplinary healthcare team, that includes preventive and rehabilitation services aimed at improving the health
and social outcomes of TB-affected people.

* Rehabilitation is an essential health service, which remains inadequately funded, inaccessible or unlinked to TB in
most T8 high burden countries (6).

+ Persons with disabilities are more likely to live in poorer and crowded settings (6) and therefore may be more likely
to contract TB, Moreover, due to stigma and discrimination, they may face additional barriers to accessing health
care services.

* The health and social needs of persons with disabilities, including those with TB-associated disabilities, are well
covered under global conventions and frameworks which call for a comprehensive response (7). However, many low-
and middle-income countries have limited capacity to address the needs ofpeopievdmm -associated disabilities.

. mmmnmmmnmmm of TB-associated impairments and
disabilities that occur during TB treatment and after its completion. National and other programmes
responsible for rehabilitation and care for people wnhiuhimuuelmnadmdwd p policies to ensure the
availability and quality of services addressing the needs of people affected by TB-associated disability, both during
and after delivery of TB treatment, by working within and beyond the health sector.

+ Further research is urgently needed to inform the development and update of evidence-based policies and
guidelines.
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Policy brief on tuberculosis-associated disability, 30 October 2023

Policy brief on

Key messages
« Tuberculosis (TB) is preventable and curable,

tuberculosis-
associated e ol 10 v
disability e A

associated disabilities (234) due to impairments

worsened by or developed due to the disease and/or its
treatment.

* People with TB-associated impairments or disabilities also
experience negative implications for health-related quality of life,
TB treatment outcomes and life expectancy (5), generating overall negative impacts on the health system.

+ The management of TB-associated impairments requires a holistic approach delivered in a timely fashion by a
at includes preventive and rehabilitation services aimed at improving the health

+ Persons with disabilities are more likely to live in poorer and crowded settings (6) and therefore may be more likely
to contract TB, Moreover, due to stigma and discrimination, they may face additional barriers to accessing health
care services.

* The health and social needs of persons with disabilities, including those with TB-associated disabilities, are well
covered under global conventions and frameworks which call for a comprehensive response (7). However, many low-
and middle-income countries have limited capacity to address the needs of people with TB-associated disabilities.

is needed for the treatment and management of TB-associated impairments and

- Acomprehensive policy response
disabilities that occur during TB treatment and after its completion. National TB programmes and other programmes
responsible for rehabilitation and care for people with disabilities are invited to develop policies to ensure the
availability and quality of services addressing the needs of people affected by TB-associated disability, both during

and after delivery of TB treatment, by working within and beyond the health sector.
+ Further research is urgently needed to inform the development and update of evidence-based policies and
lines.

https://www.who.int/publications/i/item/9789240077799
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Thank you for your attention

" gy i Jinsoo Min MD MPH PhD

VES! Cross-sector collaboration and

accountability are vital to #ENdTB! minjinsoo@catholic.ac.kr
ler's tackle IM‘WYGNI!: ol the. lllbll{uhfl;iﬂld:ﬂk:
http://ctbgroup.org
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