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Abstract

Background: In 2017, Korea implemented a nationwide project to screen and treat latent tuberculosis
infection (LTBI) in high-risk for transmission public congregate settings. We aimed to assess
programme success using a cascade of care framework.

Methods: We undertook a cohort study of people from three congregate settings screened between
March 2017 and December 2018: 1) first-grade high school students, 2) employees of educational
institutions, 3) employees of social welfare facilities. We report percentages of participants with LTBI
completing each step in the cascade of care model. Poisson regression models were used to determine
factors associated with not visiting clinics, not initiating treatment, and not completing treatment.
Results: Among the 96,439 participants who had a positive interferon-gamma release assay result, the
percentage visiting clinics for further assessment, to initiate treatment, and who then completed
treatment were 50.7%, 34.7%, and 28.9%, respectively. Compared to those aged 20-34 years,
individuals aged <20 years and aged >65 years were less likely to visit clinics, though more likely to
complete treatment once initiated. Using public health centres rather than private hospitals was
associated with people ‘not initiating treatment’ (adjusted risk ratio [aRR], 3.72; 95% confidence
interval [CI], 3.95-3.86). Nine-month isoniazid monotherapy therapy was associated with ‘not
completing treatment’, compared to three-month isoniazid and rifampin therapy (aRR, 1.28; 95% ClI,
1.16-1.41).

Conclusions: Among participants with LTBI from three congregate settings, less than one third
completed treatment. Age, treatment centre, and initial regimen were important determinants of losses

to care through the cascade.

Keywords: latent TB infection, preventive therapy, quality control, social worker, school teacher,

student
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Background

Latent tuberculosis infection (LTBI) is defined as a state of persistent immune response to stimulation
by Mycobacterium tuberculosis antigens with no evidence of clinically manifest active TB. LTBI is a
large reservoir for active TB because 5% to 10% of those infected will develop active TB over their
lifetime. Approximately one-quarter of the world’s population is estimated to have LTBI(1). Its
treatment is a critical component of the World Health Organization’s (WHO) End Tuberculosis (TB)
Strategy(2). Our ambitious target of TB elimination by 2050 is only achievable if we prevent new TB
infection and reduce pre-existing pool of LTBI, in addition to control active TB cases(3). As such, the
WHO has highlighted the importance of expanding the screening and treatment of LTBI, especially in
low-incidence countries(4, 5). However, its strategies to tackle LTBI have been underscored worldwide.
The coronavirus disease 2019 pandemic has imposed unprecedented impact to the healthcare system

including TB preventive measures(6).

TB remains a serious public health problem in the Republic of Korea. In 2020, Korea has its incidence
rate of 49 per 100,000 population with the highest TB burden among the high-income countries(7, 8).
From 2011 to 2016, with the strengthening of TB prevention and care policies(9) and the
implementation of a public-private collaboration model(10), a 5.2% annual national reduction in the
incidence of newly-reported TB was achieved. However, TB outbreaks continued to occur in various
congregate settings, such as schools, neonatal intensive care units, postpartum care centres, and social
welfare facilities, resulting in a significant societal burden of disease(11, 12). The Korean government
designated these facilities as high-risk for TB congregate setting as their densely populated and confined
environments could drive TB infection(13). In 2016, the Korean TB Prevention Act was revied to
include mandatory TB and LTBI screening for employees in these congregate settings. In 2017,

systematic LTBI testing were provided to approximately 1.2 million individuals(14).

As with all public health interventions, the introduction of new LTBI management as a public health
intervention in Korea requires programme monitoring to ensure its quality, effectiveness, and

impact(15). This is particularly important given that, globally, targeted approaches for LTBI testing
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among high-risk groups have often been recommended(4) rather than screening an unselected

population, even within congregate settings.

The tuberculin skin test (TST), which has been used for years for the diagnosis of LTBI, has several
limitations, such as poor specificity in persons vaccinated with Bacille Calmette—Guérin (BCG) and
immunocompromised  patients and  cross-reactivity with  environmental nontuberculosis
mycobacteria(16). Interferon-gamma release assay (IGRA) is a whole blood assay to detect the
interferon-gamma produced in vivo by sensitized T cells after in vitro stimulation with mycobacterial
antigens, which are not found in BCG and most nontuberculous mycobacteria, and thus its specificity
for M. tuberculosis is higher than with the TST. Because of high BCG vaccination rate in Korea and
concerns of false-positive reactions to the TST, the nationwide LTBI project utilized the IGRA alone

strategy for LTBI diagnosis.

Cascade of care models are useful when evaluating of patient retention during the multiple steps of
diagnostic and treatment pathways(17). Such cascades aid the quantification of gaps in care delivery
and highlight areas that require quality-of-care improvements. In this paper, we perform the first full
evaluation of the LTBI cascade of care for individuals screened in publically-utilised congregate

settings, focussing on outcomes for people who tested positive by IGRA.

Methods

Study design and data source

We constructed a prospective observational cohort of individuals screened in congregate settings within
the nationwide screening project for LTBI(18). Individuals were tested by IGRA between March 2017
and December 2018. In order to create a ‘TB FREE COREA (latent TuBerculosis inFection scREEning
and treatment in COngREgAte settings)’ database of relevant data, we used and cross-linked four
databases: the LTBI screening database from the government program, the national health information

database, the public healthcare information system database, and the Korean national TB surveillance
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system(19). Anonymised joint keys, which are replacements for personal identification numbers, were

used to link the LTBI screening database with the other three databases through deterministic matching.

Study setting and participants

In this analysis, we included individuals screened within high-risk for TB congregate settings: (1)
employees of educational institutions, such as child day care centres, kindergartens, primary schools,
middle schools, and high schools, (2) employees of social welfare facilities, and (3) first-grade high
school students (15-16 years old). The eligibility criteria included: (1) having undergone IGRA testing
and (2) an absence of a prior TB treatment history. Those who received LTBI treatment previously
because of being a close contact of an active TB patient were excluded. Among 732,984 people who
had a LTBI test, we excluded 19,400 participants who only had undergone TST (Figure 1). Of 711,246
participants were screened by IGRA, 96,439 (13.6%) participants tested positive by IGRA and formed

the final cohort of interest for this study.

Systematic TB and LTBI screening process

Because of concerns of false positive reactions to the TST in Korea with high BCG vaccination
coverage, the IGRA-only strategy was chosen as the first diagnostic method during the nationwide
LTBI project. IGRA was performed using QuantiFERON-TB Gold In-Tube tests (Qiagen, Hilden,
Germany) and the results were interpreted according to the manufacturer’s instructions. Those with
positive IGRA results could freely choose to use either public health centres or private hospitals for
further LTBI management(20, 21). LTBI screening and treatment were provided free of charge by the
government. On visiting a treatment centre, patients were clinically assessed and underwent chest
radiography according to national TB guidelines(22). After the exclusion of active TB disease, LTBI

treatment was offered.

Outcome variables
The specific outcomes of interest were: (1) the number of participants with positive IGRA results who

visited clinics for further care, (2) the number of people who were given a prescription for LTBI
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treatment and started that treatment, and (3) the number of people who completed treatment. Three
types of LTBI treatment regimens were recommend based on Korean guidelines(22): isoniazid (INH)
monotherapy for 9 months (9INH), rifampin (RIF) monotherapy for 4 months (4RIF), and INH and RIF
combination therapy for 3 months (3HR). The Korean government offers free LTBI treatment, and it is
mandatory for physicians to enter the R76.80, which is a “Latent TB” based on the seventh edition of
the Korean Classification of Disease (KCD-7), when offering free LTBI treatment under the current
national health insurance system. This R76.80 is specifically used when physicians prescribe anti-TB
drugs (INH, RIF, or both) for LTBI treatment. Thus, identifying the R76.8 code and prescribing anti-
TB drugs can accurately guide to define participants under the LTBI treatment. Individuals were
considered to have completed their treatment course if they were prescribed more than 80% of the total
expected dose within 12 months for 9INH, 6 months for 4RIF or 4 months for 3HR(23, 24). Individuals
were designated as ‘still on treatment’ if their calculated treatment completion date was on or after

January 1, 2020.

Independent variables

We collected data on factors that may influence the cascade of care in LTBI treatment and diagnosis,
such as sex, age, income level, place of residence, comorbidities, treatment centre, and initial treatment
regimen. Income level was divided into 20th percentiles based on the amount of the national health
insurance premium paid, ranging from the first (the lowest 5%) to 20th (the highest 5%) ventiles(25).
This was then categorized into four groups: low (1st to 5th ventiles), lower-middle (6th to 10th), upper-
middle (11th to 15th) and high (16th to 20th). Medical Aid beneficiaries(26) who do not pay a premium,
were added to the lowest income tier. Place of residence was categorised into: rural area, small to
medium-sized city, and metropolitan city. The Charlson Comorbidity Index, assigned based on the
severity of each disease, was used to measure the extent of comorbidities(27). It comprises of a wide
range of chronic conditions, such as coronary artery disease, congestive heart failure, chronic
pulmonary disease, peptic ulcer disease, peripheral vascular disease, liver disease, cerebrovascular
disease, connective tissue disease, diabetes, dementia, renal disease, leukemia, lymphoma, solid tumor,

and acquired immune deficiency syndrome. The KCD-7 and the 10" revision of the International
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Classification of Disease and Related Health Problems were the source of diagnostic codes. The
treatment centre that individuals with positive IGRA results initially visited for LTBI management was
categorised as either a public health centre or a private hospital. The implications of each independent

variable and its data source has been described in the Supplemental table.

Statistical analyses
Discrete variables are presented as frequencies and percentages. The time taken for each step in the
cascade of care were calculated and are presented as a median with an interquartile range (IQR) or a

mean with a standard deviation (SD).

Next, we determined the relationship between our exposures of interest and three specific a priori
determined outcomes of interest - i.e. ‘not visiting clinics’, ‘not initiating treatment’, and ‘not
completing treatment’. We used univariable and then multivariable Poisson regression with a robust
variance estimator to estimate the relative risk (SAS proc genmod / R package geepack). All exposures
of interest were included in each multivariable model. We also conducted the multiple correspondence
analysis to visualize the association between not completing LTBI treatment and explanatory variables.
Statistical analyses were conducted with R v.3.5.2 (R foundation for Statistical Computing, Vienna,

Austria) and SAS statistical software (version 9.4; SAS Institute, Cary, NC, USA).

Extended analysis

In the model analysing factors associated with ‘not initiating treatment’, we conducted a subgroup
analysis to assess the association between age and ‘not initiating treatment’, stratified by types of
treatment centre. This was because quality of healthcare services between the public and private sectors
are different in Korea(21, 28). We chose participants aged 20-34 years as the reference ag group,
because this age group is the most important target for preventive therapy. In the model analysing the
factors associated with ‘not completing treatment’, we conducted a subgroup analysis to assess the
association between the type of treatment centre and ‘not completing treatment’, stratified by types of

initial treatment regimen. This was because treatment regimens are a known factor associated with
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treatment completion(29). We chose 3HR as the reference group, because it was the most prescribed in

our population.

Results

Overall cascade of care

Among the 96,439 participants with a positive IGRA result, 83,185 (86.3%) were female, and 53,772
(55.8%) were less than 50 years old (Table 1). The percentage subsequently visiting clinics for initial
LTBI management was 50.7% (48,875/96,439) (Figure 2). After excluding 10 patients with incident
active TB during initial assessment, 33,500/96,429 (34.7%) of the enrolled participants initiated LTBI
treatment. After excluding eight patients who developed active TB after treatment initiation,

27,875/96,421 (28.9%) completed treatment.

Attending clinic after a positive test result

A median of 35 days and mean of 96.2 days passed between participants performing IGRA and
subsequently visiting clinics (Figure 3). In the multivariable analysis, compared to younger age of 20-
34 years, all the age groups had a higher likelihood of not visiting clinics, but this effect was particularly
prominent in those >65 years (adjusted relative risk [aRR], 1.30; 95% confidence interval [CI], 1.26-
1.35). Compared to those living in rural area, individuals who lived in small to medium-sized and

metropolitan cities were less likely to visit clinics.

Initiating treatment for LTBI

All the participants who visited clinics had a chest x-ray performed, which occurred after a median of
0 days and a mean of 2.7 days. Among the 48,865 participants who were candidates for LTBI treatment,
33,500 (68.5%) initiated treatment. This occurred within a median of 0 days (IQR of 0-5) and mean of

24.2 days (SD, 95.5) after having a chest x-ray.

In the multivariable analysis, participants aged >65 years (aRR, 1.34; 95%, 1.25-1.44) were more likely

not to initiate treatment, compared to those aged 20-34 years. Compared to private hospitals, public
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health centres (aRR, 3.72; 95% CI, 3.95-3.86) were associated with treatment non-initiation (Table 2).
In a subgroup analysis of those who visited private hospitals, age under 20 was associated with a higher
risk of not initiating treatment (aRR, 1.48; 95% CI, 1.26-1.74), compared to being 20-34 years old. In
a subgroup analysis of those who visited public health centres, this association was reversed (aRR, 0.74;
95% CI, 0.67-0.81) (Figure 4). In both cases, the oldest age group was associated with an increased

likelihood of not initiating treatment.

Completing LTBI treatment

Among the 33,492 participants who started treatment without developing active TB, the overall
percentage completing treatment, not completing treatment, and still being on treatment were 83.2%,
14.8%, and 2.0%, respectively. The median times between treatment initiation and early termination

among 3HR, 4RIF, and 9INH were 30, 28, and 30 days, respectively (Figure 3).

In the multivariable analysis, all age categories were associated with a lower risk of not completing
treatment versus individuals aged 20-34 years, especially those <20 years (aRR, 0.52; 95% CI, 0.44-
0.61) (Table 3). Individuals who used public health centres (aRR, 1.48; 95% CI, 1.40-1.56) were
associated with not completing treatment than those attending private ones. Compared to 3HR, 9H (aRR,
1.28; 95% CI, 1.16-1.41) was associated with a greater likelihood of not completing treatment. Among
those who received 3HR, public health centres were associated with not completing treatment (aRR,
1.54; 95% ClI, 1.45-1.64) (Figure 5). In the multiple correspondence analysis, we visualized that not
completing treatment was associated with attending public health centres, having CCI score > 3, and
living in small to medium-sized city (Figure 6). It is negatively associated with 4RIF regimen, attending
private hospitals, and living in metropolitan city. However, it is necessary to interpret this multiple
correspondence analysis plot with caution because it displays only 17.4% (horizontal axis: 9.4%,

vertical axis: 8%) of the variance in the data.

Discussion

10
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The aim of the current study was to evaluate and monitor the performance of the largest and first LTBI
screening project, and which targeted public congregate settings in Korea between 2017 and 2018. We
identified where patients were lost to care and the factors associated with these losses. Of individuals
diagnosed with LTBI, half attended a clinic for their initial examination and less than one third

completed preventive therapy.

The largest drop out arose from people not attending clinics following a positive IGRA test result. It is
important to note that participants received their results only via short message service text, and were
not given further encouragement or incentives to visit clinics for their initial medical evaluation. As
well as this, there are other generally known reasons for non-attendance. These include the low
perceived risk of TB infection, and the physical and economic demands of trying to access clinical
services(30, 31). For the project to have public health impact, measures need to be introduced that
increase participant clinic attendance. For example, in our study older people were less likely to visit
clinics than younger people. Older adults rely to a greater degree on general background knowledge
and prior experience when making healthcare decisions, whilst younger adults are likelier to engage in
an exhaustive review of the available information(32). Thus, each generation is likely to need a different

and specific engagement and information strategy.

We considered the type of treatment centre that participants first used as the main exposure of interest
for not initiating and not completing treatment. Compared to those who visited private hospitals, people
who attended public health centres were less likely to start and complete LTBI treatment. A possible
explanation for this may lie with the treating teams in the different sites. For example in public health
centres staffing is generally by primary care physicians who might regard treating LTBI as a low priority
given the demands of their high general workload(21). However, in private hospitals, most physicians
responsible for LTBI management are trained in respiratory medicine, and thus may have greater
experience of the importance of its treatment. Therefore, if we wish to optimise care, we need to ensure

that there are LTBI education programmes relevant to public health officers in place.

11
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When inclusion of first-grade school students was announced in the current LTBI screening project,
there was substantial debate with the Health Education Forum Corporation of South Korea, who
objected to this, because first-grade school students were considered to be a low-risk population(33). In
our study treatment initiation among participants younger than 20 years, such as first-year high school
students, was particularly low, especially if they visited private hospitals. This may be because doctors
at private hospitals were reluctant to give preventive therapy to first-grade school students, who were
outside the current guideline. However, public health officers were possibly more likely to adhere to
the national LTBI strategy — explaining why participants <20 years who used public health centres, had
a higher likelihood of initiating treatment. It is noteworthy that the youngest age group had the highest

level of LTBI treatment completion.

As current Korean guideline recommends that people younger than 65 years are tested and treated for
LTBI, itis not surprising that we find participants >65 years being less likely to start treatment. However,
if they did take treatment the proportion who successfully completed was similar to that found in other
age groups. This suggests that, contrary to long-standing concerns over toxicity, elderly participants
were able to take and complete treatment without difficulty. This is in line with other reports(34-36). In
a country such as Korea, with its high incidence of active TB among older people, there is a need for
preventive therapy to be offered to this population (37). However, before initiating a nationwide roll-
out of LTBI preventive therapy in the elderly, more evidence is required to allay fears about safety, and

so encourage clinicians to offer treatment.

Within our large, real-world dataset we were able to examine the prescription patterns of LTBI
treatment regimens and how commonly patients completed them. The most frequently prescribed
regimen was 3HR, followed by 4RIF. The use of RIF-containing preventive therapy is supported by
recent studies(38, 39) and guidelines, which reveal higher completion rates and safety levels with
comparable efficacy. In addition, we found that, if LTBI treatment were stopped, this most frequently
occurred within about one month from starting. A possible explanation for this could be the onset of

therapy-related adverse events occurring in people who did not feel unwell prior to starting treatment.

12



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28

This early discontinuation of LTBI treatment highlights the importance of sustained adherence support
from the outset. In addition, the introduction of safer and shorter regimens will help to further reduce

losses during the last steps of the LTBI cascade of care.

In our study, proportion of female participants was high, which reflects female domination of
employees at the educational and social welfare institutions in Korea. Interestingly, we observed gender
differences of the LTBI cascade of care. Male participants in our study were less likely to visit clinics
and start and complete LTBI treatment; however, other studies revealed that female sex was associated
with lower rates of treatment initiation in the United States and Canada(36, 40). This could be explained
by socio-cultural factors, which affects different health seeking behaviors. For example, women visited
their primary care provider to a greater extent than did men for both physical and mental health
concerns(41). Another Korean study also revealed that female was prone to initiate treatment among
Korean close contacts of active pulmonary TB patients, because they were probably more concerned
about having an infection(42). However, gender inequalities in health in other countries might limit
women’s access to the healthcare services, which further causes non-adherence to treatment. Further

qualitative research is necessary to understand gender differences of the LTBI cascade of care.

We wanted to assess the association between multimorbidity and dropouts, rather than to determine the
impact of specific disease on development of TB infection. Our initial hypothesis was that participants
with multimorbidity are less likely to start and complete LTBI treatment, because of additional burden
of polypharmacy and high likelihood of adverse drug reactions. Our results revealed that comorbidity
did not affect initiation of LTBI treatment; however, those with the CCI score of 3 or more were less
likely to complete its treatment. This finding suggests that doctors need more caution when providing
LTBI treatment to individuals with multiple chronic diseases, such as close and meticulous follow-up

through laboratory testing and patient education.

The LTBI cascade of care varies across the globe and depends on geographic settings and target

populations. Among close contacts of culture-confirmed pulmonary TB in Brazil between 2015 and

13
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2019, low socioeconomic status and HIV infection were significant determinant of losses in the LTBI
cascade of care(43). However, the recent meta-analysis revealed that the cumulative proportion of
people living with human immunodeficiency virus (PLHIV) completing TB preventive therapy was
higher than previously reported among other at-risk populations(44). Among PLHIV in low- and
middle-income countries, overall treatment initiation and completion was similar, regardless of types
of LTBI testing. However, among the refugees in the Oregon state of the United States between 2009
and 2012, testing with IGRA had led to significantly higher initiating treatment, compared with
tuberculin skin testing(45). Another meta-analysis revealed that initiation and completion of LTBI
treatment among the migrants between 2010 and 2020 were higher than before 2010, highlighting
improvement of LTBI programs during the last decade(46). These variations suggest diverse and unique
barriers and facilitators related to participants demographics and health systems, and it is essential to

understand these multifactorial issues to minimize losses along the cascade of care.

This cohort study has several strengths. First, the large sample size provided adequate power for the
detection of clinically meaningful factors associated with each step of the LTBI cascade of care. Second,
we minimised loss to follow-up by linking together several electronic databases. Third, levels of

missing information were also low due to this data linkage.

Despite these strengths, we were limited by the clinical, social and demographic information available
to us. For example, details on adverse drug reactions during preventive therapy, which are important
reasons for treatment cessation, were not collected. Second, the completion of LTBI treatment was
defined by the number of prescriptions of anti-TB drugs, based on insurance claims. Third, various
social determinants of health could affect cascade of care, which could limit generalisability of our
study. Fourth, itis important to identify specific causes of losses across the LTBI cascade of care, which
would guide to prepare public health interventions to minimize drop-out. Because their reasons might
vary by regions, time, participants, and cultural backgrounds, it is necessary to conduct additional
qualitative study to understand local contexts. However, a qualitative survey was not simultaneously

conducted during the nationwide LTBI project to identify them.

14
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As the long-term follow-up of the currently established cohort is possible(19), the priorities of future
epidemiological research studies should be: (1) the evaluation of the impact of the programme on the
rates of active TB after 2 years among the participants, (2) the assessment of efficacy of three different
LTBI regimens preventing development of active TB, (3) the identification of the risk factors associated
with active TB progression, such as comorbidities and social determinants of health, and (4) a cost-

effectiveness analysis of LTBI screening and treatment within this project.

Conclusions

The need to expand testing for, and the treatment of, LTBI is critical to meet the WHO End TB Strategy
targets. In 2017, the Korean government implemented a nationwide LTBI project targeting congregate
settings used by the general public(47). Our study showed that percentage of participants with LTBI
who had visited clinics and completed treatment was lower than anticipated. First-year high-school
students with a positive IGRA result were less likely to visit clinics for further management, possibly
due to controversies within Korea about testing this population. However, completion of LTBI
treatment was common among first-year high-school students and elderly participants once they started
treatment. Using a public health centre was an important determinant of loss from the LTBI cascade of
care, particularly when starting treatment. Regimen completion was most common for rifampin-based,
and shorter (3-4 month), treatment regimens. Our research provides important insights for countries
using or establishing LTBI programmatic management, as well for those concerned with reducing

losses from the LTBI cascade of care, and planning to scale-up treatment for LTBI.
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RIF, Rifampin
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TB, Tuberculosis
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3HR, Isoniazid and rifampin combination therapy for 3 months
4RIF, Rifampin monotherapy for 4 months

9INH, Isoniazid monotherapy for 9 months (9INH)

16



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28

Declarations

Ethics approval and consent to participate

The Institutional Review Board of Incheon St. Mary’s Hospital, the Catholic University of Korea
approved the study protocol (IRB No. OC10ZESE0023) and waived the need for informed consent as

none of the patients were at risk.

Consent for publication

Not applicable

Availability of data and materials

The data that support the findings of this study are available from Korea Disease Control and Prevention
Agency but restrictions apply to the availability of these data, and so are not publicly available. Data
are however available from the corresponding author upon reasonable request and with permission of

Korea Disease Control and Prevention Agency.

Competing interests

The authors declare that they have no competing interests.

Funding

The work was supported by the Research Program funded by the Korea Disease Control and Prevention
Agency (2019E310200). The funder had no role in the study design and conduct, data analysis and

interpretation or preparation of the manuscript.

Authors' contributions

Study design: JM, HWK, JPM, HJ, SB, JYK, HWY, JSK
Funding acquisition: JSK

Data acquisition: HWK, YL, JPM, AYS, JSK

17



Data analysis: JM, HWK, YL, JPM, HJ, SB, HWY, JSK
Manuscript drafting: JM, HWK, HRS, MXR, ML, 1A, JYK, SSL, JSP, HWY, JSK
Manuscript revision: JM, HWK, HRS, MXR, ML, IA, HWY, JSK

All authors read and approved the final manuscript.

Acknowledgements

HRS is supported by the Medical Research Council, UK [MR/R008345/1].

18



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

References

1. Metcalfe JZ, Houben RMGJ, Dodd PJ. The Global Burden of Latent Tuberculosis Infection: A
Re-estimation Using Mathematical Modelling. PLoS medicine. 2016;13(10):e1002152.

2. Latent tuberculosis infection: updated and consolidated guidelines for programmatic
management. WHO Guidelines Approved by the Guidelines Review Committee. Geneva: World Health
Organization; 2018.

3. Dye C, Glaziou P, Floyd K, Raviglione M. Prospects for tuberculosis elimination. Annual
review of public health. 2013;34:271-86.

4, Campbell JR, Dowdy D, Schwartzman K. Treatment of latent infection to achieve tuberculosis
elimination in low-incidence countries. PLoS medicine. 2019;16(6):e1002824.

5. Matteelli A, Rendon A, Tiberi S, Al-Abri S, Voniatis C, Carvalho ACC, et al. Tuberculosis
elimination: where are we now? Eur Respir Rev. 2018;27(148).

6. Pai M, Kasaeva T, Swaminathan S. Covid-19’s Devastating Effect on Tuberculosis Care — A
Path to Recovery. New England Journal of Medicine. 2022;386(16):1490-3.

7. G. B. D. Tuberculosis Collaborators. Global, regional, and national burden of tuberculosis,
1990-2016: results from the Global Burden of Diseases, Injuries, and Risk Factors 2016 Study. The
Lancet Infectious diseases. 2018;18(12):1329-49.

8. Global Tuberculosis Report 2021. Geneva, Switzerland: World Health Organization; 2021.

9. Go U, Park M, Kim U-N, Lee S, Han S, Lee J, et al. Tuberculosis prevention and care in Korea:
Evolution of policy and practice. Journal of Clinical Tuberculosis and Other Mycobacterial Diseases.
2018;11:28-36.

10. Min J, Kim HW, Ko Y, OhJY, Kang JY, Lee J, et al. Tuberculosis Surveillance and Monitoring
under the National Public-Private Mix Tuberculosis Control Project in South Korea 2016-2017.
Tuberculosis and respiratory diseases. 2020;83(3):218-27.

11. Ahn JG, Kim DS, Kim KH. Nosocomial exposure to active pulmonary tuberculosis in a

neonatal intensive care unit. American journal of infection control. 2015;43(12):1292-5.

19



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

27

12. Park SY, Han S, Kim YM, Kim J, Lee S, Yang J, et al. Risk of active tuberculosis development
in contacts exposed to infectious tuberculosis in congregate settings in Korea. Scientific reports.
2020;10(1):1306.

13. Montecucco A, Dini G, Rahmani A, Sticchi L, Durando P. The seedbeds of Tuberculosis: is it
time to target congregate settings and workplaces? J Prev Med Hyg. 2020;61(3):E324-E30.

14. Kim HW, Min J, Choi JY, Shin AY, Myong JP, Lee Y, et al. Latent Tuberculosis Infection
Screening and Treatment in Congregate Settings (TB FREE COREA): Demographic Profiles of
Interferon-Gamma Release Assay Cohort. Journal of Korean medical science. 2021;36(36):e246.

15. Getahun H, Matteelli A, Abubakar I, Aziz MA, Baddeley A, Barreira D, et al. Management of
latent Mycobacterium tuberculosis infection: WHO guidelines for low tuberculosis burden countries.
The European respiratory journal. 2015;46(6):1563-76.

16. Carranza C, Pedraza-Sanchez S, de Oyarzabal-Mendez E, Torres M. Diagnosis for Latent
Tuberculosis Infection: New Alternatives. Frontiers in Immunology. 2020;11.

17. Subbaraman R, Nathavitharana RR, Mayer KH, Satyanarayana S, Chadha VK, Arinaminpathy
N, et al. Constructing care cascades for active tuberculosis: A strategy for program monitoring and
identifying gaps in quality of care. PLoS medicine. 2019;16(2):e1002754.

18. Min J, Kim HW, Choi JY, Shin AY, Kang JY, Lee Y, et al. Latent Tuberculosis Cascade of
Care Among Healthcare Workers: A Nationwide Cohort Analysis in Korea Between 2017 and 2018.
Journal of Korean medical science. 2022;37(20).

19. Min J, Kim HW, Stagg HR, Lipman M, Rangaka MX, Myong JP, et al. Latent tuberculosis
infection screening and treatment in congregate settings (TB FREE COREA): protocol for a prospective
observational study in Korea. BMJ Open. 2020;10(2):e034098.

20. Park E-C, Jang S-I. The diagnosis of healthcare policy problems in Korea. Journal of the Korean
Medical Association. 2012;55(10).

21. Kim SJ, Park E-C, Kim TH, Yoo JW, Lee SG. Mortality, Length of Stay, and Inpatient Charges
for Heart Failure Patients at Public versus Private Hospitals in South Korea. Yonsei Medical Journal.

2015;56(3).

20



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

22. Min J, Kim JS. Diagnosis and treatment of latent tuberculosis infection. Journal of the Korean
Medical Association. 2019;62(1):11.

23. Korean Guidelines For Tuberculosis 4th Edition. Osong, South Korea: Joint Committee for the
Revision of Korean Guidelines for Tuberculosis, and Korea Centers for Disease Control and Prevention;
2020 2020.

24, Menzies D, Adjobimey M, Ruslami R, Trajman A, Sow O, Kim H, et al. Four Months of
Rifampin or Nine Months of Isoniazid for Latent Tuberculosis in Adults. New England Journal of
Medicine. 2018;379(5):440-53.

25. Park S-Y, Lee B, Seon JY, Oh I-H. A National Study of Life-Sustaining Treatments in South
Korea: What Factors Affect Decision-Making? Cancer Research and Treatment. 2021;53(2):593-600.

26. Park S. Medical service utilization and out-of-pocket spending among near-poor National
Health Insurance members in South Korea. BMC health services research. 2021;21(1):886.

27. Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC, et al. Coding algorithms for
defining comorbidities in ICD-9-CM and ICD-10 administrative data. Medical care. 2005;43(11):1130-
9.

28. Shin ST. Interdisciplinary Approach Between Health Centers and Private Hospitals/Clinics.
Journal of the Korean Medical Association. 2004;47(12).

29. Macaraig MM, Jalees M, Lam C, Burzynski J. Improved treatment completion with shorter
treatment regimens for latent tuberculous infection. The International Journal of Tuberculosis and Lung
Disease. 2018;22(11):1344-9.

30. Barss L, Obeng J, Fregonese F, Oxlade O, Adomako B, Afriyie AO, et al. Solutions to improve
the latent tuberculosis Cascade of Care in Ghana: a longitudinal impact assessment. BMC infectious
diseases. 2020;20(1):352.

31. Alsdurf H, Hill PC, Matteelli A, Getahun H, Menzies D. The cascade of care in diagnosis and
treatment of latent tuberculosis infection: a systematic review and meta-analysis. The Lancet Infectious

Diseases. 2016;16(11):1269-78.

21



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28

32. Lockenhoff CE, Hsiao C, Kim J, Swarts K. Adult Age Differences in Health-Related Decision-
Making: A Primer. In: Diefenbach MA, Miller-Halegoua S, Bowen DJ, editors. Handbook of Health
Decision Science. New York, NY: Springer New York; 2016. p. 145-55.

33. Bae JM. An opposing view on including high school students in a latent tuberculosis infection
control program in Korea. Epidemiology and health. 2017;39:e2017015.

34. Feng JY, Huang WC, Lin SM, Wang TY, Lee SS, Shu CC, et al. Safety and treatment
completion of latent tuberculosis infection treatment in the elderly population-A prospective
observational study in Taiwan. International journal of infectious diseases : 1JID : official publication
of the International Society for Infectious Diseases. 2020;96:550-7.

35. Noh CS, Kim HI, Choi H, Kim Y, Kim CH, Choi JH, et al. Completion rate of latent
tuberculosis infection treatment in patients aged 65 years and older. Respiratory medicine.
2019;157:52-8.

36. Sullivan K, Pease C, Zwerling A, Mallick R, Van Dyk D, Mulpuru S, et al. Seven-year
retrospective study understanding the latent TB infection treatment cascade of care among adults in a
low incidence country. BMC public health. 2021;21(1).

37. Jeon D. Latent tuberculosis infection: recent progress and challenges in South Korea. Korean J
Intern Med. 2020;35(2):269-75.

38. Zenner D, Beer N, Harris RJ, Lipman MC, Stagg HR, van der Werf MJ. Treatment of Latent
Tuberculosis Infection. Annals of Internal Medicine. 2017;167(4):248.

39. Pease C, Hutton B, Yazdi F, Wolfe D, Hamel C, Quach P, et al. Efficacy and completion rates
of rifapentine and isoniazid (3HP) compared to other treatment regimens for latent tuberculosis
infection: a systematic review with network meta-analyses. BMC infectious diseases. 2017;17(1):265.
40. Colson PW, Hirsch-Moverman Y, Bethel J, Vempaty P, Salcedo K, Wall K, et al. Acceptance
of treatment for latent tuberculosis infection: prospective cohort study in the United States and Canada.
The International Journal of Tuberculosis and Lung Disease. 2013;17(4):473-9.

41, Thompson AE, Anisimowicz Y, Miedema B, Hogg W, Wodchis WP, Aubrey-Bassler K. The
influence of gender and other patient characteristics on health care-seeking behaviour: a QUALICOPC

study. BMC Family Practice. 2016;17(1).

22



10
11
12
13
14
15
16
17
18

42, Park SH, Lee SJ, Cho YJ, Jeong YY, Kim HC, Lee JD, et al. A prospective cohort study of
latent tuberculosis in adult close contacts of active pulmonary tuberculosis patients in Korea. The
korean journal of internal medicine. 2016;31(3):517-24.

43, Souza AB, Arriaga MB, Amorim G, Araljo-Pereira M, Nogueira BMF, Queiroz ATL, et al.
Determinants of losses in the latent tuberculosis infection cascade of care in Brazil. BMJ global health.
2021;6(9):e005969.

44, Suthar AB, Bastos ML, Melnychuk L, Campbell JR, Oxlade O, Menzies D. The latent
tuberculosis cascade-of-care among people living with HIV: A systematic review and meta-analysis.
PLoS medicine. 2021;18(9).

45, Walters JK, Sullivan AD. Impact of Routine Quantiferon Testing on Latent Tuberculosis
Diagnosis and Treatment in Refugees in Multnomah County, Oregon, November 2009-October 2012.
Journal of Immigrant and Minority Health. 2015;18(2):292-300.

46. Rustage K, Lobe J, Hayward SE, Kristensen KL, Margineanu I, Stienstra Y, et al. Initiation and
completion of treatment for latent tuberculosis infection in migrants globally: a systematic review and
meta-analysis. The Lancet Infectious Diseases. 2021;21(12):1701-12.

47. Sahu S, Ditiu L, Zumla A. After the UNGA High-Level Meeting on Tuberculosis-what next

and how? The Lancet Global health. 2019;7(5):e558-e60.

23



© 0O N O Ol b WO DN P

e
= o

[EY
N

13

14
15

16
17

18

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

Figure legends

Figure 1. Flow chart of enrolled participants with positive results from an interferon-gamma release

assay

LTBI, latent tuberculosis infection; TST, tuberculin skin test; IGRA, interferon-gamma release assay;

TB, tuberculosis

Figure 2. Losses and drop-outs at each stage of the latent tuberculosis cascade of care among all

enrolled participants with a positive interferon-gamma release assay

IGRA, interferon-gamma release assay
Eligible participants for the first step, visiting clinics, were all participants with positive IGRA results.

Eligible participants for the second step, initiating treatment, were participants with positive IGRA

result, who did not have concurrent active TB.

Eligible participants for the third step, completing treatment, were participants with positive IGRA

result, who did not have concurrent active TB and who did not develop active TB during LTBI treatment.

Figure 3. Intervals at each stage of the latent tuberculosis cascade of care

All the numbers were expressed in days.
3HR, 3 months of rifampin and isoniazid combination therapy; IGRA, interferon-gamma release assay;
9INH, 9 months of isoniazid monotherapy; IQR, inter-quartile range; 4RIF, 4 months of rifampin

monotherapy; SD, standard deviation.

Figure 4. Bar plots presenting the relative risk of not initiating treatment by age, stratified by type of

treatment centre
This multivariable analysis was adjusted for sex, place of residence, income level, and Charlson
comorbidity index. The baseline category was participants aged 20-34 years. The error bar represents

the 95% confidence intervals of each relative risk.

Figure 5. Bar plots presenting the relative risk of not completing treatment by type of treatment centre,

stratified by type of initial treatment regimen
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3HR, 3-month of rifampin and isoniazid combination therapy; 9INH, 9-month of isoniazid
monotherapy; 4RIF, 4-month of rifampin monotherapy.

This multivariable analysis was adjusted for sex, age, place of residence, income level, and the Charlson
comorbidity index. The baseline category was private hospital. The error bars represent the 95%

confidence interval of each relative risk.

Figure 6. Plot of multiple correspondence analysis representing the relation between not completing

treatment and explanatory variables.
LTBI, latent tuberculosis infection; CCI, Charlson comorbidity index; 3HR, 3-month of rifampin and

isoniazid combination therapy; 9INH, 9-month of isoniazid monotherapy; 4RIF, 4-month of rifampin

monotherapy.
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Table 1. Multivariable analysis to determine the factors associated with not visiting clinics after a positive IGRA test

Variables Total Not visiting clinic Univariable analysis Multivariable analysis
n (column %) n (row %) RR (95% CI) P-value aRR (95% CI)  P-value

Participants 96,439 (100.0) 47,564 (49.3)
Sex

Female 83,185 (86.3) 40,156 (48.3) 1 1

Male 13,254 (13.7) 7,408 (55.9) 1.16 (1.14-1.18) <0.001  1.11(1.09-1.13) <0.001
Age, years

<20 5,470 (5.7) 2,912 (53.2) 1.18 (1.14-1.22) <0.001 1.08(1.04-1.12) <0.001

20-34 8,003 (8.3) 3,668 (45.8) 1 1

35-49 40,299 (41.8) 19,326 (48.0) 1.06 (1.03-1.08) <0.001 1.05(1.03-1.08) <0.001

50 — 64 38,400 (39.8) 19,059 (49.6) 1.09 (1.07-1.12) <0.001  1.09 (1.06-1.12) <0.001

> 65 4,267 (4.4) 2,599 (60.9) 1.34(1.29-1.39) <0.001 1.30(1.26-1.35) <0.001
Place of residence?

Rural area 9,481 (9.8) 4,158 (43.9) 1 1

Small to medium-sized city 33,302 (34.5) 16,968 (51.0) 1.16 (1.13-1.19) <0.001 1.18(1.15-1.21) <0.001

Metropolitan city 53,623 (55.6) 26,416 (49.3) 1.12 (1.10-1.15) <0.001 1.14(1.11-1.17) <0.001
Income levelP

Low 43,647 (45.3) 20,956 (48.0) 1 1

Moderate low 26,454 (27.4) 12,553 (47.5) 0.99 (0.97-1.00) 0.153  0.99(0.98-1.01)  0.484

Moderate high 14,245 (14.8) 7,310 (51.3) 1.07 (1.05-1.09) <0.001  1.06 (1.04-1.08) <0.001

High 11,092 (11.5) 6,160 (55.5) 1.16 (1.14-1.18) <0.001  1.12(1.10-1.15) <0.001
Charlson comorbidity index

Score 0 42,088 (43.6) 20,851 (49.5) 1 1

Score 1 32,208 (33.4) 15,698 (48.7) 0.98 (0.97-1.00) 0.026  0.98 (0.97-1.00)  0.015

Score 2 14,116 (14.6) 6,947 (49.2) 0.99 (0.98-1.01) 0,554 0.98(0.96-1.00)  0.079

Score 3 or more 8,027 (8.3) 4,068 (50.7) 1.02 (1.00-1.05)  0.047  0.99(0.97-1.02)  0.523

Multivariable models adjust for all factors in the table.
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aRR, adjusted relative risk; CI, confidence interval; RR, relative risk.
233 individuals had missing data.
b 1001 individuals had missing data.
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Table 2. Multivariable analysis to determine the factors associated with not initiating treatment among participants who visited clinics for initial latent

tuberculosis infection management

Variables Total Not initiating treatment Univariable analysis Multivariable analysis
n (column %) n (row %) RR (95% CI) P-value aRR (95% CI) P-value

Participants 48,865 (100.0) 15,365 (31.4)
Sex

Female 43,023 (88.0) 13,305 (30.9) 1 1

Male 5,842 (12.0) 2,060 (35.3) 1.14 (1.10-1.19) <0.001  1.08(1.04-1.12) <0.001
Age, years

<20 2,556 (5.2) 686 (26.8) 0.88 (0.82-0.96) 0.002 0.91 (0.84-0.99) 0.021

20-34 4,334 (8.9) 1,331 (30.7) 1 1

35-49 20,971 (42.9) 6,587 (31.4) 1.03 (0.98-1.08) 0.260 1.05 (1.00-1.09) 0.062

50-64 19,336 (39.6) 6,072 (31.4) 1.03 (0.98-1.08) 0.288 1.03 (0.99-1.08) 0.175

> 65 1,668 (3.4) 689 (41.3) 1.35(1.26-1.46) <0.001  1.34(1.25-1.44) <0.001
Place of residence?

Rural area 5,320 (10.9) 1,738 (32.7) 1 1

Small to medium-sized city 16,332 (33.4) 4,956 (30.3) 0.93 (0.89-0.97) 0.002 1.13(1.08-1.18)  <0.001

Metropolitan city 27,202 (55.7) 8,665 (31.9) 0.98 (0.93-1.02) 0.240 1.33(1.28-1.39)  <0.001
Income levelP

Low 22,688 (46.4) 7,010 (30.9) 1 1

Moderate low 13,899 (28.4) 4,306 (31.0) 1.00 (0.97-1.04) 0.853 1.01 (0.98-1.04) 0.425

Moderate high 6,932 (14.2) 2,262 (32.6) 1.06 (1.02-1.10) 0.006 1.04 (1.00-1.08) 0.041

High 4,930 (10.1) 1,644 (33.3) 1.08 (1.03-1.13) 0.001 1.08 (1.04-1.13)  <0.001
Charlson comorbidity index

Score 0 21,232 (43.5) 6,762 (31.8) 1 1

Score 1 16,507 (33.8) 5,096 (30.9) 0.97 (0.94-1.00) 0.044  0.99 (0.96-1.02) 0.456

Score 2 7,168 (1.47) 2,237 (31.2) 0.98 (0.94-1.02) 0.287 1.01 (0.97-1.05) 0.652

Score 3 or more 3,958 (8.1) 1,270 (32.1) 1.00 (0.95-1.05) 0.909 1.04 (0.99-1.09) 0.156

Type of treatment centre
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Private hospital 22,733 (46.5) 2,995 (13.2)
Public health centre 26,132 (53.5) 12,370 (47.3)

1
3.61 (3.48-3.74)

<0.001

1
3.72 (3.59-3.86)

<0.001

Multivariable models adjusted for all factors in the table.

aRR, adjusted risk ratio; Cl, confidence interval; RR, relative risk.
211 people had missing data.

® 416 people had missing data.
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Table 3. Multivariable analysis to determine the factors associated with not completing latent tuberculosis infection treatment among participants who initiated

it

Total

Not completing treatment

Univariable analysis

Multivariable analysis

Variables n (column %) n (row %) RR (95% CI) P-value aRR (95% CI) P-value
Participants 32,834 (100.0) 4,959 (15.1)
Sex
Female 29,158 (88.8) 4,377 (15.0) 1 1
Male 3,676 (11.2) 582 (15.8) 1.06 (0.98-1.15)  0.159  1.10(1.01-1.20)  0.027
Age, years
<20 1,816 (5.5) 199 (11.0) 0.58 (0.50-0.67) <0.001 0.52(0.44-0.61) <0.001
20-34 2,938 (8.9) 560 (19.1) 1 1
35-49 14,092 (42.9) 2,109 (15.0) 0.79 (0.73-0.86) <0.001 0.79(0.72-0.86) <0.001
50 - 64 13,021 (39.7) 1,955 (15.0) 0.80(0.73-0.87) <0.001 0.77(0.70-0.84) <0.001
> 65 967 (2.9) 136 (14.1) 0.74 (0.62-0.88)  0.001  0.69(0.57-0.82) <0.001
Place of residence?
Rural area 3,444 (10.5) 527 (15.3) 1 1
Small to medium-sized city 11,098 (33.8) 1,893 (17.1) 1.11(1.02-1.21) 0.021  1.18(1.08-1.29) <0.001
Metropolitan city 18,287 (55.7) 2,539 (13.9) 0.91(0.83-0.99) 0.024  1.05(0.96-1.15)  0.317
Income levelP
Low 15,371 (46.8) 2,287 (14.9) 1 1
Moderate low 9,433 (28.7) 1,389 (14.7) 0.99 (0.93-1.05) 0.744  0.98(0.92-1.04) 0.528
Moderate high 4,565 (13.9) 758 (16.6) 1.12 (1.04-1.20) 0.004  1.11(1.03-1.20) 0.007
High 3,202 (9.8) 489 (15.3) 1.03(0.94-1.12) 0.571  1.08(0.98-1.18)  0.127
Charlson comorbidity index
Score 0 14,182 (43.2) 2,078 (14.7) 1 1
Score 1 11,178 (34.0) 1,696 (15.2) 1.04 (0.98-1.11) 0.180  1.04(0.98-1.11) 0.166
Score 2 4,838 (14.7) 731 (15.1) 1.04 (0.96-1.12) 0.342 1.05(0.97-1.14) 0.238
Score 3 or more 2,636 (8.0) 454 (17.2) 1.18(1.08-1.30) 0.001  1.20(1.09-1.32) <0.001

Type of treatment centre
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Private hospitals 18,992 (57.8) 2,398 (12.6) 1 1

Public health centres 13,842 (42.2) 2,561 (18.5) 1.47(1.40-1.55) <0.001 1.48(1.40-1.56) <0.001
Type of initial regimen

3HR 27,118 (82.6) 4,166 (15.4) 1 1

4RIF 3,555 (10.8) 427 (12.0) 0.78 (0.71-0.85) ' <0.001 0.82(0.75-0.90) <0.001

9INH 2,161 (6.6) 366 (16.9) 1.10(1.00-1.22)  0.050  1.28(1.16-1.41) <0.001

Multivariable models adjusted for everything in the table.

3HR, 3-months of rifampin and isoniazid combination therapy; 9INH, 9-months of isoniazid monotherapy; 4RIF, 4-months of rifampin monotherapy; aRR,

adjusted relative risk; CI, confidence interval; RR, relative risk;

25 people had missing data.
b 263 people had missing data.
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