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o ey ZEAWN AZOZ tuberculin skin test (TST)EH A] 3
S 3%, IGRA A3 30 o|Wiol &5/ AdHo] Ate A%
(prevalent tuberculosis case) ¥ Tt & Ao 4= 2017-2020
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TST=tuberculin skin test; IGRA=interferon-gamma release assay.

1. 371 AAAG A4 9 FE AR E Ao 2 S84 23 S EHIEY dAIRE Al9)
KIS AfEY Oatxp o THEEZ gsy s Zsuys UME b UME b
SoeEEe < (21) 4 74 (108HQIAT)  (95% ARITZH  (95% A7
IGRA €4 961,206 3,208,034.8 314 9.8 Reference -
IGRA ¥A/1|A & 95,630  328,648.7 399 121.4 12.40 (10.67-14.43) Reference
IGRA ¥A4/A & 4= 51,846 173,714.9 41 23.6 - 0.19 (0.14-0.27)
IGRA ¥4/A = S 9,404 30,914.6 11 35.6 - 0.29 (0.15-0.53)
IGRA ¥4/A & & 1,980 4,980.1 0 0.0 - -
IGRA THE7} 850 2,312.1 1 433 4.42 (0.11-24.80) -
IGRA ¥/ = 5 A9 iy 32 19.7 32 - -
3HA 1,120,948 3,748,624.9 798 213 - -
IGRA-=interferon-gamma release assay.
AF A3 kA9l 25,166 T B IS EO| Z3kE o] 91 THEE 1). IGRA 24 Y] IGRA FA /WA B4 9] 2
IGRA 2492 AR HHE &olg 4 Qlo] ¥z B4 ol 9IS H](incidence rate ratio, IRR)= 12.40 (95% CL:
skt =71 AXANY AR A FEZAY A AlF 30 10.67-14.43)°]1%01, IGRA ¥/3/vA =27 v IGRA ¥
A o]FRE 20219 4E7HA] F 798719 &5 A WA AR5 AFFNAY IRRS 0.19 (95% CI: 0.14-0.27)&,
o] I+t IGRA SdwolA 9 23 TAYES 109 QI AEAY (5E SR 49 29 Y ATt 81% A4
| 9.87, IGRA YA/ Edol A= 109 Q1 121.4 3 B35 Hooh IGRA ¥ tHAAET Ao Z3kE
7, IGRA F/A = =A== 10T Jdd 23.6701A HAWy iAoMA= AT 717 B F 16749 &4
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A8 vrao] E91E| 9t IGRA YA/U| X B0l A A B
E2 109 94dg 363.37, IGRA /A E LELA

oZ

fr

105 19 57.7740]9cHE % X 1; available online).
IGRA ¥4/ A EF 8] IGRA FA/A 7 SZFofA 9
IRRZ 0.16 (95% CI: 0.09-0.27)2.2 %
S A5 °oF 84%2] AT aIE SISt

FEAHGDY AAAE &elstr] st 2017de] 3
EAY A& AT 771 HAAYG 384 F IGRA &4
S 19l 724t 4,480 ¥} IGRA FA/m X =2A 87 5,8148
oA &5 A YHES TolATHES I 2; available
online). IGRA A5 1 &3}R] L3S W], 654 oJAolA A
& BAEC] ¥UoH(134.97/10% ¥), FEAS AXL=
FE 29 oy =2 FAY o]%o] A3 Ao} HE£Hol 9

I AER 2AA FRANYGOR AW 4 2% B
e

A5de ARE g=

Aol =UTHZZ 1,219.571/10%¢
). IGRA A& A A== JAEHE $X]o] w2t 0.35-0.67
IU/ml 7+ A1 FE(Q1), 0.67-1.41 1U/ml 7+ Al
2 FE(Q2), 1.41-3.33 TU/ml 77+ A3 HE(Q3), 3.33-
10 IU/ml #7+& A4 HE(QIH)=E EFot
27 10 TU/mIE T &2 39 2 g 27t IGRA T4
AE F SO Wiro] 54 A YAES AH R,

=
A7 ea4E B54 A% 2B BTt

A3, ALHE %
SEEES

s BG5S 1 IGRA &4 HHl QlZollAe 93|
(hazard ratio)7} 6.56 (95% CI: 4.29-10.03), Q2w-olA=
13.38 (95% CI: 9.56-18.73), Q304 18.15 (95% CI:
13.19-24.99), Q42041 31.81 (95% CI: 24.01-42.16),
QIEHE =217} 10 IU/ml o]l wollAl= 43.51 (95% CIL:
32.21-58.79)% QIEHE £X7} 5715 23 24 9
w7t F7toke A4S EATHE 2). ol AHER
(stratification)s}o] 2451, 204 BT U 20-34A oA+
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B2 FEAAZH AAA-IGRA 449 IGRA FA/vIA 2 oA E54 A8 FAJo] A

Ch A 2040 Chg 249
IXt
2SH|(95% AZ|TLZH) pat &H|(95% 412|772 (o8

)

L2 Reference Reference

oA 0.81 (0.68-0.96) 0.017 0.96 (0.79-1.16) 0.655
A A

0-19 Reference Reference

20-34 1.56 (1.23-1.96) <0.001 1.04 (0.79-1.37) 0.754

35-49 1.08 (0.84-1.37) 0.555 0.36 (0.26-0.49) <0.001

50-64 2.32(1.83-2.94) <0.001 0.44 (0.31-0.62) <0.001

>65 2.63 (1.54-4.48) <0.001 0.36 (0.19-0.66) 0.001
IGRA 23} JEHHE 53¢

IGRA () Reference Reference

IGRA (+) Q1 491 (3.27-7.38) <0.001 6.56 (4.29-10.03)  <0.001

IGRA (+) Q2 9.53 (7.03-12.91)  <0.001 13.38 (9.56-18.73)  <0.001

IGRA (+) Q3 12.49 (9.48-16.45)  <0.001 18.15 (13.19-24.99)  <0.001

IGRA (+) Q4 21.61 (17.21-27.12)  <0.001 31.81 (24.01-42.16)  <0.001

IGRA (+), IFN level >10 IU/ml 29.51 (23.25-37.45)  <0.001 43,51 (32.21-58.79)  <0.001
.

ALE 1.23 (0.97-1.57) 0.088

FALE 1.36 (1.07-1.74) 0.013

FAAE 1.22 (0.94-1.58) 0.132

145 Reference
A A JE2H-GA| FEZAHTE FA 17.42 (8.25-36.79)  <0.001 4.32(2.03-9.22) <0.001
|2 7] A Hvs. THE JHAE SAHL ) 1.71 (1.43-2.03) <0.001 1.65 (1.35-2.01) <0.001
28 19y 4%

HIV 16.99 (2.38-121.40)  0.005 13.27 (1.73-102.09) 0.013

gt 3.36 (1.08-10.45) 0.036 2.87 (0.92-8.91) 0.068

T 1.57 (1.22-2.03) <0.001 1.12 (0.85-1.47) 0.416

A& A9 3.54 (0.88-14.20) 0.074

TRt 1.14 (0.16-8.12) 0.895

2H Zo|E AYV|ARE(FEAS A7 180 o) 2.94 (1.22-7.08) 0.017 2.70 (1.09-6.67) 0.032

TNF ZFA] A& (& f’i.‘ HA 18001 o|u) 9.38 (2.34-37.69) 0.002 9.07 (2.17-37.91) 0.003

IGRA=interferon-gamma release assay; IFN=interferon; HIV=human immunodeficiency virus: TNE=tumor necrosis factor. "853 A=}
9] 7% IGRA FAAT A7to] Egts]o] 2 EAof A= A2l Ve Cox ¥lg] 99 23 242 A8, ‘i Cox HlF 99 29 B40)A4 &
o] Hgtao] et S-wH] A4 B3 pgt 0.05 Pl 2 fol5H UL M5 AEstel thiS: Cox HIF 98 23 248 A QL: JIEHE
2] 0.35-0.67 1U/ml, Q2: 0.67-1.41 IU/ml, Q3: 1.41-3.33 IU/ml, Q4: 3.33-10 1U/ml.

= o IGRA FHQ F71 AN FAANA ARHAE $47h &

248 29 Py Y} F7HE AFL BYoH, ol

b AAAY $AANA IGRA HHLY A9 4ol ¥ AT AL AFHoIA FoeHo, 654 g 1

o 29 WSl 12492 F71g0] BANAOM FBA oM 0|3t FFol BAHA goieh. FHAY A= &
=

o RS T AP o 81%2) 29 W o} BNE B of AOHE 354 mlwe] Fe W7k AANY FARIA o

_EL
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B3 ZEAATAY A8 2d-=7 AZAAA AR A 48 2 AEHE Ao w2t S$3HE NNT
IGRA ¥4/0[X|2F IGRA %A/X|2 AR T
Zial A T Zi3H urAl xm Y= Xt0| NNT (95% A12|712h)”
Fa () Q12l(n) A=(n) 213(n)

35A] mgt

IFN Q1” 15 6,578 2 4,152 0.001799  556.0(319.4-2142.8)

IFN Q2 34 5,137 3,316 0.006317 158.3 (116.1-248.6)

IFN Q3 36 4,272 2 2,856 0.007727  129.4 (94.0-207.5)

IFN Q4 62 3,824 10 2,478 0.012178 82.1(59.2-134.0)

IFN level >10 TU/ml 57 2,176 1 1,309  0.025431 39.3 (31.0-53.9)
35-64A

IFN QI 12 13,874 2 7,397 0.000595 1,682.0 (826.0-NNH 46,267.5)

IFN Q2 28 15,099 4 8,124 0.001362  734.2 (454.4-1,911.2)

IFN Q3 30 15,915 6 8,320 0.001164  859.2 (487.6-3,612.6)

IFN Q4 60 15,979 2 8,289 0.003514 284.6 (221.3-398.7)

IFN level >10 IU/ml 40 9,990 2 5,162 0.003617 276.5 (201.4-441.1)
654 o4

IFN Q1 2 1,006 0 275 0.001988  503.0 (210.9-NNH 1,308.1)

IFN Q2 3 1,028 0 310 0.002918  342.7 (160.9-NNH 2,637.2)

IFN Q3 1 1,094 0 309 0.000914 1,094.0 (369.7-NNH 1,140.7)

IFN Q4 2 1,054 0 280 0.001898  527.0 (221.0-NNH 1,370.3)

IEN level >10 1U/ml 2 662 0 187 0.003021  331.0 (138.9-NNH 862.4)
NNT=numbers needed to treat; IGRA=interferon-gamma release assay: IFN=interferon; NNH=numbers needed to harm. %
F AR AP E Aol 95% 41Z]F2te] steto] Z4=91 Jo] ZIEO|(F A& Al 2 I ALt SV olH T A+
Ao A= NNT AAE Al 95% A& 7ke] Aehe NNHE #33 QL QIE|HE 422 0.35-0.67 1U/ml, Q2: 0.67-1.41 1U/ml,
Q3: 1.41-3.33 1U/ml, Q4: 3.33-10 1U/ml.

B FA B A9l A%
Ao Z3H= NNTE Bk 139 371 AR St
ol Hste] £ NNTE 2o 32
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etk 20109 olF A8 WAIEe] FHHL 9
on, §F A9 HBES UE AT SR WEI oF
FA817] laiAl= AEdso] tigt 4
8 R2E T gle. The ARIFAE ol uiAel A BAshe
Ago] 57 29 #elo] 7 Z sheel A gl dA ¢
Zutetol Al Q] Ado] Alggt ZAolt}. skt o}2j 7]
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ABSTRACT

The study aim was to investigate the natural history of latent tuberculosis infection (LTBI) and the efficacy of LTBI treatment
among participants in the national LTBI screening program. Individuals who underwent an interferon-gamma release assay
(IGRA) between 2017 and 2020 were included, and tuberculosis (TB) development was investigated until April 2021. Cox
proportional hazards models were used to investigate the risk factors affecting TB incidence among IGRA-negative and IGRA-
positive individuals who did not undergo treatment. Additionally, the numbers needed to treat (NNT), stratified by age and
interferon levels, were calculated among IGRA-positive individuals who did not undergo treatment and those who completed
treatment. A comparison with contacts enrolled within the same period was performed. A total of 1,120,948 participants were
included and 798 TB cases were identified. After adjusting for age, sex, history of TB exposure, and high-risk TB conditions,
higher interferon levels were associated with a higher risk of TB incidence. This trend was particularly prominent in younger
age groups; it was not observed in older age groups. The tendency toward a lower NNT among younger IGRA-positive
individuals with higher interferon levels was observed among participants of the national screening program and contacts.
Overall, a higher NNT was observed among participants of the national screening program than among contacts. However,
among study participants with higher interferon levels who were under the age of 35 years, an NNT comparable to that of
contacts was observed. Stratifying TB risk according to age and interferon levels could lead to more efficient LTBI screening

and treatment on a national scale. Further research is warranted to validate this strategy.

Key words: Latent tuberculosis infection; Treatment efficacy; Interferon-gamma release assay; Congregate settings

*Corresponding author: Ju Sang Kim, Tel: +82-32-280-5866, E-mail: kimjusang@catholic.ac.kr

Introduction latent tuberculosis infection (LTBI) [1]. Screening and treat-
ment of LTBI are very important for eradicating tubercu-

Approximately a quarter of the world’s population has losis (TB), and the World Health Organization (WHO)
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Key messages
(D What is known previously?

Unlike the situation with contacts, a lack of evidence on
the risk of tuberculosis (TB) and preventive effects of la-
tent tuberculosis infection (LTBI) treatment was noted
among participants in the national LTBI screening pro-
gram implemented in 2017.

(@ What new information is presented?

Among participants in the national LTBI screening pro-
gram, LTBI treatment was approximately 81% effective
in preventing TB. Higher levels of interferon in younger
age groups were associated with an increased risk of TB.
In these groups, low numbers indicated a need for treat-
ment, and LTBI treatment was highly effective. Some
groups exhibited numbers needed to treats comparable
to those of contacts.

(® What are implications?

Stratifying TB risk according to age and interferon levels
will enable more efficient LTBI screening and treatment
on a national scale.

recommends active LTBI screening for middle- and high-
income countries with a low active TB incidence rate (<100
cases per 100,000 population) [2]. Currently, the Republic of
Korea (ROK) is actively implementing LTBI screening for con-
tacts of infectious TB patients, medically high-risk groups, and
healthcare workers, as recommended by other international
clinical practice guidelines. Moreover, ROK has been conduct-
ing LTBI screening for workers in group facilities (e.g., daycare
centers, kindergartens, schools, social welfare facilities, and
postpartum care centers), first-year high school students, and
persons subject to draft physical examination through the “na-
tional LTBI screening program” in 2017-2019 in accordance

with the “TB-free Korea Program” (March 24, 2016). Because

www.phwr.org Vol 17, No 31, 2024

LTBI screening for only the target populations as recommend-
ed by the WHO has limited impact on reducing the nation-
al TB incidence rate [3], some have advocated for increased
LTBI screening by identifying new high-risk groups for TB
[4]. Identification of targets for LTBI screening requires clear
evidence of preventive effect from diagnosis and treatment of
LTBI. However, to date, TB prevention has been demonstrat-
ed only among contact of infectious TB patients or medically
high-risk groups, while the effectiveness of LTBI treatment
among workers in group facilities has not been reported. This
study aimed to analyze the incidence rate of active TB cases
among workers in group facilities, healthcare workers, first-
year high school students, and out-of-school adolescents who
were screened under the “national LTBI screening program”
(hereinafter “national screen program examinees”) and com-
pare the findings to those of the contacts of active TB patients
(hereinafter “contacts”) to examine the effectiveness of LTBI

treatment.

Methods

1. Study Population

Our study population comprised household contacts and
group facility contacts, healthcare workers screened for LTBI
in accordance with the Tuberculosis Prevention Act amended
in 2016, workers in group facilities (such as postpartum care
centers, daycare centers, kindergartens, schools, and child wel-
fare facilities), first-year high school students and out-of-school
adolescents who were screened as 2017 national screen pro-
gram examinees, and those who tested positive in the inter-
feron-gamma release assay (IGRA) performed as a part of the

draft physical examination between 2017 and 2020. Although
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the national screen program examinees should also include
inmates of correctional facilities, they were excluded because
their LTBI treatment records were difficult to identify in the
National Health Insurance Service (NHIS) database. All groups
other than contacts were screened for LTBI because they had
the “group living” risk factor. They were all grouped together
as “national screen program examinees” for the analysis, and
the incidence rate of active TB and effectiveness of LTBI treat-
ment were compared to those of contacts. The exclusion crite-
ria were (1) history of active TB; (2) only tuberculin skin test
(TST) for LTBI screening; and (3) diagnosis of active TB with-
in 30 days of IGRA (prevalent TB case). The following were
also considered in this study: (1) presentation of the overall ac-
tive TB status among national screen program examinees reg-
istered between 2017 and 2020; (2) analysis of active TB in-
cidence rate among 2017 national screen program examinees
with completion of the longest follow-up to identify the natural
course of LTBI; and (3) comparative analysis of national screen
program examinees and contacts registered in 2017 and 2018
with a 2-year follow-up to determine the numbers needed to

treat (NNT) for identifying the effectiveness of LTBI treatment.

2. Data Collection Method

This retrospective cohort study was based on (1) the na-
tional LTBI screening program database, (2) household con-
tacts screening database, and (3) group facility contacts da-
tabase and was conducted by linking NHIS database and na-
tional TB notification database for identifying LTBI treatment
status and active TB incidence. Specific study design and infor-

mation used from each database are described in the protocol

of this study [5].

1326

3. Analyses

Follow-up of patients started from the date of IGRA and
ended on the date of active TB notification or date of death. For
all other cases, the end date of follow-up was April 30, 2021.
A multivariate Cox proportional hazards model was used to
analyze the influence of each explanatory variable on active TB
incidence. A univariate Cox proportional hazards analysis was
first performed to select significant variables with p-value<0.05
in the likelihood ratio test for model fitness and the selected
variables were used in the multivariate analysis.

Among the explanatory variables, age was classified into
five groups (<20, 20-34, 35-49, 50-64, and =05 years). For
LTBI, treatment completion was defined as exceeding 80% of
the scheduled dose within 1.3 times the scheduled treatment
period, while treatment discontinuation was defined as starting
a treatment, but not satisfying the criteria described above. For
treatment discontinuation, cases in which active TB occurred
during treatment were classified separately. Those who started
treatment were classified according to three LTBI treatment
regimens (4R, 9H, and 3HR) widely used currently and ac-
tive TB prevention effect was analyzed according to the type of
LTBI treatment regimen, regardless of whether the treatment
was completed. Additionally, those in whom treatment was
completed, were classified separately to analyze the TB preven-
tion effect.

To determine the natural course of LTBI, active TB in-
cidence rates between IGRA-negative and IGRA-positive/
untreated cases were compared. To analyze the effectiveness
of LTBI treatment, active TB incidence rates between IGRA-
positive/untreated, IGRA-positive/treatment completed, and
IGRA-positive/treatment discontinued cases were compared.

Interferon level during IGRA was determined as the key

www.phwr.org Vol 17, No 31, 2024
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explanatory variable for predicting TB incidence rate and ef-
fectiveness of treatment, with IGRA-positive patients with in-
terferon level 210 IU/ml assigned to one group and patients
with interferon level between 0.35 IU/ml and below 10 IU/ml
equally divided into four groups (from the first quarter with
the lowest interferon level to the fourth quarter with the high-
est level). Accordingly, TB incidence rate and effectiveness of

treatment in these five groups were analyzed.

Results

Between 2017 and 2020, a total of 1,191,483 individuals
participated in LTBI screening under the national LTBI screen-
ing program. After applying the exclusion criteria, a total of
1,120,948 national screen program examinees were included
in this study (Figure 1). Among persons subject to draft physi-

cal examination, only 25,166 IGRA-positive examinees were

included in the cohort, while IGRA-negative examinees were
analyzed separately as their information could not be veri-
fied. Among the national screen program examinees, a total
of 798 active TB cases were identified from 30 days after the
LTBI screening to April 2021. The TB incidence rates were 9.8
cases per 100,000 person-years in the IGRA-negative group,
121.4 cases per 100,000 person-years in the GRA-positive/
untreated group, and 23.6 cases per 100,000 person-years in
the IGRA-positive/treatment completed group (Table 1). The
TB incidence rate ratio (IRR) of the IGRA-positive/untreated
group relative to the IGRA-negative group was 12.40 (95%
confidence interval [CI]: 10.67-14.43) and IRR of the IGRA-
positive/treatment completed group relative to the IGRA-
positive/untreated group was 0.19 (95% CI: 0.14-0.27),
showing that completing LTBI treatment reduced the risk of
TB incidence by 81%. In the draft physical examination group

that included only IGRA-positive examinees, there was a total

(n=1,191,483)

Participants of national LTBI screening program between 2017 and 2020

A,

> Participants with past TB history (n=5,175)

Participants without past TB history (n=1,186,308)

Who underwent only TST (n=28,486)

A4

y

> Data error (n=4)

Participants who underwent IGRA (n=1,157,818)

Notified as active TB within 30 days after the

Y

A4

LTBI screening date (co-prevalent TB) (n=171)

Who underwent IGRA without co-prevalent TB (n=1,157,647)

> Inmates of correctional facilities (n=11,533)

|

)

Main cohort (n=1,120,948) Candidates for military conscription (n=25,166)

Figure 1. Flow chart showing enrollment of participants of national LTBI screening program

LTBI=latent tuberculosis infection; TB=tuberculosis; TST=tuberculin skin test; IGRA=interferon-gamma release assay.

www.phwr.org Vol 17, No 31, 2024
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Table 1. TB incidence by LTBI status among participants of national LTBI screening program except for candidates for military
conscription
LTBI status N Follow-up TB case TB incidence Inc.idence rate Incjdence rate
(pyr) (n) (/100,000 pyr) ratio (95% ClI) ratio (95% ClI)
IGRA negative 961,206  3,208,034.8 314 9.8 Reference -
IGRA positive/ 95,630 328,648.7 399 121.4 12.40 (10.67-14.43) Reference
not treated
IGRA positive/ 51,846 173,714.9 41 23.6 - 0.19 (0.14-0.27)
treatment completed
IGRA positive/ 9,404 30,914.6 11 35.6 = 0.29 (0.15-0.53)
treatment interrupted
IGRA positive/ 1,980 4,980.1 0 0.0 - -
still on treatment
IGRA indeterminate 850 2,312.1 1 433 4.42 (0.11-24.80) =
IGRA positive/ 32 19.7 32 - - -
active TB development
during LTBI treatment
Total 1,120,948 3,748,624.9 798 21.3 - -
TB=tuberculosis; LTBI=latent tuberculosis infection; CI=confidence interval; IGRA=interferon-gamma release assay.

of 167 active TB cases during the study period. The TB inci-
dence rates were 363.3 cases per 100,000 person-years in the
IGRA-positive/untreated group and 57.7 cases per 100,000
person-years in the IGRA-positive/treatment completed group
(Supplementary Table 1; available online). Meanwhile, the IRR
of the IGRA-positive/treatment completed group relative to
the IGRA-positive/untreated group was 0.16 (95% CI: 0.09-
0.27), showing a prevention effect of approximately 84% when
LTBI treatment was completed.

To identify the natural course of LTBI, the active TB in-
cidence rates among 724,480 IGRA-negative and 85,814
IGRA-positive/untreated among the national screen program
examinees who were screened for LTBI in 2017 were calcu-
lated (Supplementary Table 2; available online). When IGRA
results were not considered, the TB incidence rate was highest
among those aged =65 years (134.9 cases per 100,000 popu-
lation), while the TB incidence rate was also high among those

who were confirmed to have LTBI based on contact tracing
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within 2 years after LTBI screening or after having contact
with a TB patient after the screening date (1,219.5 and 1,730.1
cases per 100,000 population, respectively). Interferon lev-
els presented by IGRA results were divided into four quarters
(Q1:0.35-0.67 IU/ml, Q2: 0.67-1.41 IU/ml, Q3: 1.41-3.33
IU/ml, and Q4: 3.33-10 IU/ml) and interferon level >10 IU/
ml was classified separately to examine the active TB incidence
rate in these five groups of IGRA-positive examinees. The re-
sults showed that the active TB incidence rate became higher as
interferon level increased. When the results were verified by a
multivariate Cox proportional hazards model, the hazards ratio
of the Q1, Q2, Q3, Q4, and interferon level >10 IU/ml groups
relative to the IGRA-negative group was 6.56 (95% CI: 4.29-
10.03), 13.38 (95% CI: 9.56-18.73), 18.15 (95% CI: 13.19-
24.99), 31.81 (95% CI: 24.01-42.16), and 43.51 (95% CL:
32.21-58.79), respectively, when adjusted for age, sex, TB
contact, and the effects of high-risk disease that increases TB

incidence rate, which showed a pattern of increased risk of TB

www.phwr.org Vol 17, No 31, 2024
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incidence with increasing interferon level (Table 2). In the age-
stratified analysis, a prominent trend showing increased risk of
TB incidence with increasing interferon level was found in the
<20 and 20-34 age groups (Supplementary Table 3; available
online). Such a trend was much less prominent in the 35-49
and 50-64 age groups, while a significant trend was not ob-
served in the 265 age group.

To determine the effectiveness of LTBI treatment in re-
ducing the risk of TB incidence, age-stratified analysis was
performed to determine the 2-year cumulative TB incidence
rate among 97,688 IGRA-positive/untreated national screen
program examinees who were screened for LTBI in 2017
and 2018 and 52,764 IGRA-positive/treatment completed
examinees. In addition, NNT was also calculated (Table 3).
Meanwhile, to compare the effectiveness of LTBI treatment
between national screen program examinees and contacts, the
NTT among 16,384 IGRA-positive/untreated and 10,556
IGRA-positive/treatment completed contacts who underwent
contact tracing during the same period was calculated using
the same method (Supplementary Table 4; available online).
The NNT is a calculation of how many people with latent TB
infection need to be treated to prevent one person from devel-
oping TB. The number of people was described by rounding
up the NNT calculated in Table 3 and Supplementary Table
4. Both the national screen program examinees and contacts
showed lower NNT among IGRA-positive individuals who
were younger and had higher interferon level. Contacts aged
<35 years showed a low interferon level with NNT ranging be-
tween 13 and 51, while those aged 35-64 years showed NNT
ranging between 122 and 185, depending on the interferon
level. Among national screen program examinees aged <35

years, all groups, except the Q1 group, showed NNT ranging

www.phwr.org Vol 17, No 31, 2024

between 40 and 159, which was comparable to that of the con-
tacts. Conversely national screen program examinees aged 35—
64 years, from Q1 to Q3 groups showed NTT ranging between
735 and 1682, while the Q4 and interferon level >10 IU/ml
group showed NNT of 285 and 277, respectively. Among the
older adults aged =65 years, the trend of decreasing NNT with
higher interferon level was not found in both contacts and na-
tional screen program examinees, but NNT tended to be high-

er in all interferon intervals than younger age groups.

Discussion

The findings of this study showed that the TB incidence
rate was 12.4 times higher among national screen program
examinees who are IGRA-positive than among those who are
IGRA-negative, while LTBI treatment was approximately 81%
effective in preventing TB. IGRA-positive national screen pro-
gram examinees showed a trend of increased risk of TB inci-
dence with increasing interferon level; this trend was promi-
nent in younger individuals, but not in older adults aged >65
years. With respect to the effectiveness of LTBI treatment,
national screen program examinees aged <35 years showed
lower NNT at lower interferon level, indicating that the effec-
tiveness of treatment was comparable to that in the contacts.
Meanwhile, national screen program examinees aged 35-64
years showed NNT comparable to that of the contacts only at
high interferon levels. Older national screen program examin-
ees and contacts showed higher NTT than younger age groups,
indicating that the effectiveness of treatment was not signifi-
cant compared to younger age groups.

In the ROK, the TB incidence rate has been decreasing

sharply since the 2010s. Meanwhile, a greater emphasis is
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Table 2. Natural history of LTBI-risk factors for development of TB among participants with negative IGRA result and those
with positive IGRA result but not treated”

; Univariable analysis® Multivariable analysis®
Risk factor : :
Hazard ratio (95% CI)  p-value Hazard ratio (95% CI)  p-value

Sex

Male Reference Reference

Female 0.81 (0.68-0.96) 0.017 0.96 (0.79-1.16) 0.655
Age (yr)

0-19 Reference Reference

20-34 1.56 (1.23-1.96) <0.001 1.04 (0.79-1.37) 0.754

35-49 1.08 (0.84-1.37) 0.555 0.36 (0.26-0.49) <0.001

50-64 2.32 (1.83-2.94) <0.001 0.44 (0.31-0.62) <0.001

=65 2.63 (1.54—4.48) <0.001 0.36 (0.19-0.66) 0.001
IGRA result: interferon level”

IGRA () Reference Reference

IGRA (+) Q1 4.91(3.27-7.38) <0.001 6.56 (4.29-10.03) <0.001

IGRA (+) Q2 9.53 (7.03-12.91) <0.001 13.38 (9.56-18.73) <0.001

IGRA (+) Q3 12.49 (9.48-16.45) <0.001 18.15 (13.19-24.99)  <0.001

IGRA (+) Q4 21.61 (17.21-27.12) <0.001 31.81 (24.01-42.16)  <0.001

IGRA (+), IFN level >10 1U/ml 29.51 (23.25-37.45) <0.001 43,51 (32.21-58.79)  <0.001
Income level

Low 1.23 (0.97-1.57) 0.088

Middle low 1.36 (1.07-1.74) 0.013

Middle high 1.22 (0.94-1.58) 0.132

High Reference
Past TB exposure—positive LTBI test result in 17.42 (8.25-36.79) <0.001 4.32(2.03-9.22) <0.001

contact investigation

Healthcare workers 1.71 (1.43-2.03) <0.001 1.65 (1.35-2.01) <0.001

(vs. other congregate settings)
High TB-risk diseases

HIV 16.99 (2.38-121.40) 0.005 13.27 (1.73-102.09) 0.013
Hematologic malignancy 3.36 (1.08-10.45) 0.036 2.87(0.92-8.91) 0.068
DM 1.57 (1.22-2.03) <0.001 1.12 (0.85-1.47) 0.416
Gastrectomy 3.54 (0.88-14.20) 0.074
Head & neck cancer 1.14 (0.16-8.12) 0.895
Long-term use of glucocorticoid 2.94 (1.22-7.08) 0.017 2.70 (1.09-6.67) 0.032
(within 180 days before the screening date)
Use of TNF-inhibitors 9.38 (2.34-37.69) 0.002 9.07 (2.17-37.91) 0.003

(within 180 days before the screening date)

LTBI=latent tuberculosis infection; TB=tuberculosis; IGRA=interferon-gamma release assay; CI=confidence interval; IFN=interferon;
HIV=human immunodeficiency virus; DM=diabetes mellitus; TNF=tumor necrosis factor. *Candidates for military conscription were
excluded from this analysis, as only those with positive IGRA result were included in this study. “Survival analysis was conducted using a
univariable Cox proportional hazards model. “Survival analysis was conducted using a multivariable Cox proportional hazards model by
selecting variables that were significant (p-value<0.05) in the likelihood ratio test for model fit in the univariable Cox proportional hazards

model. ?Q1: interferon level 0.35-0.67 IU/ml, Q2: 0.67-1.41 IU/ml, Q3: 1.41-3.33 IU/ml, Q4: 3.33-10 IU/ml.
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Table 3. Effect of LTBI treatment—age and interferon level stratified NNTs among participants of national LTBI screening
program
IGRA positive/ IGRA positive/
not treated treatment completed Risk
. NNT (95% CI)?
B Total TB Total difference
cases (n) participants (n) cases (n) participants (n)

Age <35 yr

IFN Q1” 15 6,578 2 4,152 0.001799  556.0 (319.4-2,142.8)

IFN Q2 34 5,137 3.316 0.006317 158.3 (116.1-248.6)

IFN Q3 36 4,272 2 2,856 0.007727 129.4 (94.0-207.5)

IFN Q4 62 3,824 10 2,478 0.012178 82.1(59.2-134.0)

IFN level >10 IU/ml 57 2,176 1 1,309 0.025431 39.3 (31.0-53.9)
Age 35-64 yr

IFN Q1 12 13,874 2 7,397 0.000595 1,682.0 (826.0-NNH 46,267.5)

IFN Q2 28 15,099 4 8,124 0.001362 734.2 (454.4-1,911.2)

IFN Q3 30 15,915 6 8,320 0.001164 859.2 (487.6-3,612.6)

IFN Q4 60 15,979 2 8,289 0.003514  284.6 (221.3-398.7)

IFN level >10 IU/ml 40 9,990 2 5,162 0.003617 276.5 (201.4-441.1)
Age =65 yr

IFN Ql 2 1,006 0 275 0.001988 503.0 (210.9-NNH 1,308.1)

IFN Q2 3 1,028 0 310 0.002918  342.7 (160.9-NNH 2,637.2)

IFN Q3 1 1,094 0 309 0.000914 1,094.0 (369.7-NNH 1,140.7)

IFN Q4 2 1,054 0 280 0.001898 527.0 (221.0-NNH 1,370.3)

IFN level >10 1U/ml 2 662 0 187 0.003021 331.0 (138.9-NNH 862.4)
LTBI=latent tuberculosis infection; NNT=numbers needed to treat; IGRA=interferon-gamma release assay; TB=tuberculosis; CI=confidence
interval; IFN=interferon; NNH=numbers needed to harm. “In some subgroups, the lower bound of the 95% confidence interval for the risk
difference included negative values (i.e., indicating an increased risk of TB with LTBI treatment). In these subgroups, when calculating the
NNT, the upper bound of the 95% confidence interval is expressed as the NNH. b>Qli interferon level 0.35-0.67 IU/ml, Q2: 0.67-1.41 IU/ml,
Q3: 1.41-3.33 1U/ml, Q4: 3.33-10 IU/ml.

being placed on the importance of LTBI screening and treat-
ment for lowering and maintaining the TB incidence rate to a
level similar to that in other advanced countries. Unlike other
advanced countries, which consider TB among immigrants
as the biggest issue in national TB control, ROK considers TB
among the elderly as an urgent issue. However, LTBI treatment
is still not being actively applied to the elderly because it offers
little benefit to older adults due to the fact that even if they are
diagnosed with LTBI from a TB infection that occurred de-
cades ago, the risk of actual progression to active TB is much

lower than that in younger age groups [6]. Moreover, older

www.phwr.org Vol 17, No 31, 2024

adults have a higher risk of adverse advents associated with
LTBI treatment, especially hepatotoxicity [7]. Nonetheless,
ROK has a large discrepancy in TB incidence rate between gen-
erations, with younger age groups showing low TB incidence
rate and very low LTBI rate. This is a common phenomenon
found in some East Asian countries that achieved rapid eco-
nomic development over the past 30-40 years. Considering
these circumstances, rather than expanding LTBI screening
and treatment for the elderly, a more realistic option would be
to protect the younger age groups from TB in hopes of lower-

ing the TB incidence rate when the current younger generation
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becomes older.

Since ROK expanded screening for contacts in group facili-
ties in 2013; TB outbreaks in group facilities associated with
mostly younger generations, such as postpartum care centers,
daycare centers, kindergartens, or schools, have become a so-
cial issue. In this backdrop, ROK has been implementing pre-
emptive LTBI screening for workers in group facilities start-
ing from August 2016, in accordance with the Tuberculosis
Prevention Act. This study is significant in that it confirmed
the effectiveness of LTBI treatment in workers in group facili-
ties, which has not been shown to date, and found that this
effectiveness was comparable to that in contacts. For LTBI
screening to be considered cost-effective, the target popula-
tion must show a high risk of TB incidence without LTBI treat-
ment; however, national screen program examinees, including
workers in group facilities, showed relatively lower risk of TB
incidence than that in contacts, who are the top priority targets
for LTBI screening. Relatively low risk of TB incidence due to
the low predictive power of IGRA can inevitably lead to unnec-
essary LTBI treatment, which can also lead to decreased treat-
ment initiation rate. Recently, a scoring system based on meta-
analysis of individual patient data for predicting the risk of TB
incidence in individuals, rather than groups, has been devel-
oped, which demonstrated that the risk of TB incidence can
be predicted more precisely [8]. In that study, instead of inter-
pretation based on the two choices of IGRA-positive or nega-
tive, T-cell immune response was quantified and inputted as a
variable for predicting TB incidence. This study also found that
workers in group facilities in the ROK showed higher risk of
TB incidence and effectiveness of treatment with increasing in-
terferon level, which is presented in the IGRA results. In other

words, it was shown that the risk of TB incidence in individuals
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could be stratified by age and interferon level, and by applying
such a treatment strategy, treatment effectiveness comparable
to that in contacts can be achieved in group facilities in work-
ers aged <35 years and in workers aged 35-64 years with high
interferon level.

In addition, the primary purpose of LTBI screening for
workers in group facilities is not because of high risk of TB in-
cidence in workers themselves, but based on the chance of in-
fecting others when TB outbreak occurs, especially secondary
TB, due to the nature of group facilities. In fact, when active
TB cases that occurred among workers in group facilities who
participated in the National LTBI Screening Program were
linked to the contacts database and analyzed as index cases, the
results showed that many contacts were found in group facili-
ties when the index patient was aged <35 years and worked in
a group facility [9]. Among 26 index TB cases involving in-
dividuals aged <35 years who work in social welfare facilities,
daycare centers, kindergartens, schools, and postpartum care
centers, a total of 1,967 contacts were identified, of whom,
3.30 patients were estimated to develop secondary TB within
two years. Among 120 index TB cases involving first-year high
school students, out-of-school adolescents, and persons subject
to draft physical examination, 13,040 contacts were identified,
of whom, 33.07 patients were estimated to develop secondary
TB within 2 years. Among 87 index TB cases involving health-
care workers aged <35 years, a total of 2,920 contacts were
identified, of whom, 13.15 patients were estimated to develop
secondary TB within 2 years. Workers in group facilities and
healthcare workers should not only weigh the pros and cons of
LTBI treatment from their own perspective, but must also con-
sider how much they can contribute to the reduction of sec-

ondary TB from the perspective of the society as a whole [7].
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Accordingly, it is necessary to identify the effect of prevention
on development of secondary TB from a mid-to-long-term
perspective through contacts database.

Our study is the first to identify the TB incidence rate and
associated risk factors in a large-scale cohort. However, this
study also had the following limitations: First, the mean follow-
up period was relatively short at 3.3 years, and thus, there are
limitations in identifying the effectiveness of LTBI screening
from a mid-to-long-term perspective. It is known that the risk
of TB incidence is highest within 2 years of being infected with
Mycobacterium tuberculosis; but subsequently, a decreased
risk of TB incidence still remains [6]. Unlike contacts, many
of whom were recently infected, the majority of national LTBI
screening examinees were suspected to have been infected in
the past, and not in recent years. Therefore, these individuals
need to be assessed from a mid-to-long-term perspective of
more than 2 years, to identify the effectiveness of LTBI screen-
ing and treatment. Another limitation was that sufficient sta-
tistical power could not be assured due to the relatively small
number of TB cases in some sub-groups. In particular, there
was only a small number of examinees and TB cases among
the elderly, and as a result, sufficient statistical power could not
be assured when calculating the NNT. Furthermore, most of
the national LTBI screening examinees were healthy individu-
als with no underlying diseases. Accordingly, there was only a
small number of examinees with diseases associated with high
risk of TB incidence, and thus, sufficient statistical power could
not be assured when calculating the effects of a specific disease
on TB incidence.

In conclusion, the effectiveness of LTBI treatment was
confirmed not only in contacts, for whom the effectiveness of

LTBI treatment is already widely known, but also in workers in

www.phwr.org Vol 17, No 31, 2024

group facilities. Importantly, the risk of TB incidence was high-
er when interferon level, obtained using IGRA, was higher, and
this trend was prominent among the younger age groups. It is
expected that more effective screening and treatment can be
implemented at the national level through a strategy that can
determine the risk of TB incidence stratified by age and inter-

teron level; future studies on this approach are necessary.
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