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ABSTRACT

Objectives: To identify the positive rate of and the risk factors associated with latent tuberculosis
infection(LTBI) in mine workers, the objectives of the present study evaluated those among former mine
workers.

Methods: Between January 2015 and May 2017, former male mine workers who had been subjects for
epidemiology research for work-related chronic obstructive pulmonary disease(COPD) and had received
QuantiFERON-TB® Gold In-Tube(QFT-GIT) from the Institute of Occupation and Environment(IOE) under
Korea Workers’ Compensation and Welfare Service(KCOMWEL) were selected as the study subjects. To
identify significant variables for increased risk of LTBI, logistic regression analysis was performed.

Results: A total of 736 male former mine workers were selected as study subjects. The positive rate of LTBI
among subjects was 69.2%(509/736). The current smokinglodds ratio(OR), 2.3; 95% confidence
interval(Cl), 1.1-4.9], COPD(OR, 1.4: 95% Cl, 0.9-2.3), department loading(OR, 1.8: 95% Cl, 0.9-3.4) and
mining(OR, 1.5; 95% Cl, 0.9-2.5), and working duration of over 20(0R, 1.6; 95% Cl, 0.9-3.1) and over 30
years(OR, 2.2; 95% Cl, 0.9-4.9) were associated with increased risk of LTBI. The interferon—-gamma(IFN-7)
level after stimulation with Mycobacterium tuberculosis(MTB)-specific antigens showed a significantly
negative correlation with age(=-0.126).

Conclusions: The present study determined that the high positive rate of LTBI among mine workers was
associated with not only the host factors but also the occupational exposure to mine dust.

Key words: Chronic obstructive pulmonary disease, latent tuberculosis infection, mine worker, QuantiFERON-TB®
Gold In-Tube

*Corresponding author: Joo Hwan Hwang, Tel: 032-540-4983, E-mail: aquz0708@kcomwel.or.kr,

2F Incheon Labor and Welfare Complex, 478, Munemi-ro, Bupyeong—gu, Incheon

Received: July 24, 2019, Revised: August 22, 2019, Accepted: September 14, 2019
Byoung Hoon Kim http://orcid.org/0000-0002-5782-5340 Ji Yoon Park http://orcid.org/0000-0003-0098-812X
Sangwoo Tak http://orcid.org/0000-0002-3576-4524 Ji Yoon Park http://orcid.org/0000-0003-0098-812X

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

289



290

HiE: Y SAIROA S EE2ZsHAH(latent tuberculosis infection, LTBI) YdEs &QIot7| {50, O]H A
OiME 2% OIRZZX0IA LTBI Y88 2 A0 thet ATE RIS

Hie: Z2EXZT0| SR HAAEESKchronic obstructive pulmonary disease, COPD)CZ Q% AIH5I0]
201549 1€2H 2017¢ 527K Z2E5X3H MUHHTHOM Y2LUTY FSIRAL & LTBI ZAE W2 H
A LR 0|RZZEXIE APRCIMAIZ MASIC LTBI ZAH= QuantiFERON-TB® Gold In-Tube (QFT-GIT)E
0|83IAL LTBI Qe BA0l= 0|2Y 2XAY 3HEAE 083U

Zuk: MA| 736HO| AHRAXIC LTBI YHE2 69.2%(509/736H)IUCt. SXi EH[odds ratio(OR), 2.3; 95%
confidence interval(Cl), 1.1-4.9], COPD(OR, 1.4; 95% Cl, 0.9-2.3), XMXH(loading; OR, 1.8; 95% ClI,
0.9-3.4) 2 XEEX(mining; OR, 1.5; 95% CI, 0.9-2.5), 227|7t 2049H(OR, 1.6; 95% CI, 0.9-3.1) &

30 014 (OR, 2.2; 95% Cl, 0.9-4.9)0IM LTBI /30| B75ts 202 UEtrt. S1jo] #Q oizo| £71a
<5 LTBlI ¥d420| B7Icte 42 20|12 AKX, LTBI P2 AAoke A= UEIHL,. AZ1 Zelld 50|

stelof 4% & MAMEE interferon—-gamma(IFN-7)

[@Xe] kS
Sol3t

22 ZYUSMAUAMY LTBI Sg82 2 A2 UEHHCH, &
P X

0

X AEEA(~=-0.126)8 20F1 ULt

M
o 22 =3 20 2% ottt YN =5

ajo

o

a 22 HYA Q0Ix LTBI B2 LIRS
=

7|9C: I SAA}, DRYTAATES EEZAMANE QuantiFERON-TB® Gold In-Tube

I. Introduction

Active tuberculosis(active TB) is not only a major
health problem among general population but also
serious public problem among mine workers in
South Korea. According to the data from the Korea
WorkersCompensation and Welfare
(KCOMWEL), the attack rate of active pulmonary
tuberculosis(active PTB) among workers who were

Service

received the health examination for diagnosing
pneumoconiosis and complications related to
pneumoconiosis between 1984 and 2017 was
4.6%(1,744/37,946)(Hwang & Oh, 2018).

The respiratory diseases caused by exposure to
mine dust also have a close relation to the
development of active TB. Pneumoconiosis is
manifested in one of the complications of
pneumoconiosis under the act on the prevention
of pneumoconiosis and protection, etc. of workers
suffering from pneumoconiosis(Park et al., 2014).
Among mine workers who were received the
health examination for diagnosing pneumoconiosis
and complications related to pneumoconiosis
between 1981 and 2015, the attack rate of active
PTB in patients with pneumoconiosis was 8.7%
(1,228/14,183) by the data from the KCOMWEL.
And silicosis is also classified as high-risk group
of TB according to Korean Guidelines for
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Tuberculosis(CRKGT & KCDC, 2017). The risk of
developing active TB in patients with silicosis was
2.8(95% CI 1.9-4.1) times high compared to
healthy population(Cowie, 1994). Chronic obstructive
pulmonary disease(COPD) is also the risk factor
associated with developing active TB and one of
co-morbidities in patients with active TB
(Inghammar et al., 2010; Lee et al., 2013; O'Toole
et al., 2015). The risk of developing active TB in
patients with COPD was 2.5(95% CI 2.2-2.8) to 3.0
(95% CI 2.4-4.0) times high compared to patients
without COPD(Byrne et al., 2015). Accordingly,
WHO recommends systemic screening of TB for
patients with silicosis and COPD(WHOP, 2015).
Latent tuberculosis infection(LTBI) is defined
as not only a state of being infected with
Mycobacterium tuberculosisMTB) but also a state
of persistent immune response to stimulation by
MTB antigens without any clinical symptoms,
radiological abnormality, or microbiological evidence
(WHO?, 2015). With an increased emphasis on the
importance of preventive maintenance for TB,
diagnostic tests and prophylactic treatment of
LTBI are very important to reduce and control the
incidence of TB. For this reason, recent global TB
management strategy by World Health Organization
(WHO) has extended to control LTBI. WHO

recommends screening of and prophylactic
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treatment for LTBI among high-risk groups of TB
including people who are living with human
immunodeficiency virus(HIV), people who are
contact with of active TB patients, patients with
silicosis, patients initiating anti-tumor necrosis
factor(TNF) treatment, patients on dialysis, and
transplant patients(WHO?, 2015).

Because mine workers were increased risk of
developing active TB by exposure to mine dust
and related respiratory diseases, they might have
an increased risk of LTBI by them. Therefore, the
objectives of the present study were to evaluate
the positive rate of LTBI and the risk factors
associated with LTBI among former mine workers.

[I. Material and Methods

1. Subject selection

The present study was designed to carry out the
epidemiology research of occupational lung
diseases. Between January 2015 and December
2017, 796 former male dusty workers who were
received the epidemiology research for work-
related COPD and QuantiFERON-TB® Gold
In-Tube(QFT-GIT) test were selected as the study
participants. Among these 796 participants, 60
were excluded(4 participants who were diagnosed
in QFT-GIT, 2
participants who had no result of the pulmonary

with indeterminate result
function test(PFT), 9 participants who had no
result of smoking status, 13 participants who were
diagnosed with active PTB in the past, and 32
participant who worked in non-mining industry).
Finally, total 736 former male mine workers
selected as the study subjects.

Approved consent was obtained from all study
participants. The present study protocol was
received and approved by the institutional review
board of Institute of Occupation and Environment
(IOE), the KCOMWEL(approval no. 219993-201704-
HR-03-01). Informed consent was submitted by all
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participants when they were enrolled.

2. Pulmonary function test

PFT was conducted with a bronchodilator test
in accordance with the criteria for the
standardization of PFT recommended by the
American Thoracic Society/European Respiratory
Society(ATS/ERS) using a Vitalograph Pneumotrac
6800(Vitalograph Inc., Lenexa, KS, USA)(Miller et
al., 2005). The spirometer was calibrated at the
start of each day using the Spirotrac software
supplied with the spirometer. Subjects were
allowed up to three attempts to provide two
reproducible results. The normal predictive values
for PFT result were calculated using a reference
equation derived from the general population of
Korea(Choi et al., 2005).

COPD was defined by the Global Initiative for
Chronic Obstructive Lung Disease(GOLD) criterion
based on PFT which was a forced expiratory volume
in one second/forced vital capacity(FEV:/FVC) less
than 70%(GOLD, 2017).

3.QuantiFERON®-TB Gold In-Tube

MTB-specific antigens stimulation and The
inferferon-gamma(IFN-y) level in plasma were
performed using the QuantiFERON®-TB GOLD
(QFT) Tube(Cellestis/QIAGEN, Hilden, Germany)
and QFT-GIT(Cellestis/QIAGEN, Hilden, Germany).
The QFT tube was consisted of the Nil tube which
is used for detecting basal level of immune
response of peripheral blood cells(negative
control), TB antigen tube which is used for
detecting MTB-specific immune response of
peripheral blood cellstMTB-specific antigens
stimulation), and Mitogen tube which is used for
detecting immune cell function(positive control).
The QFT tube and QFT-GIT were used according
to the manufacturer’s instructions(Mori et al.,
2004).

The QFT-GIT results were interpreted using
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QFT analysis software version 2.62. The IFN-y
level of 0.35

subtraction of the IFN-y concentration level of TB

international unit(IU)/ml(after

antigen tube from that of Nil tube) after exposure
to MTB-specific antigens was considered positive
for QFT-GIT and <0.35 IU/ml was considered
negative. If the IFN-y level of Mitogen tube was
0.5 IU/ml higher than that of the Nil tube or )8.0
[U/ml higher than that of the Nil tube, the result
was considered indeterminate. LTBI positive
defined as the positive results of QFT-GIT test.

4. Statistical analysis

The variables were categorized according by
and described as the
frequency and proportion. Differences between

those characteristics

subjects who diagnosed with LTBI positive and
those who diagnosed with LTBI negative in the
categorized variables were analyzed using chi-
square test. To calculate the odds ratio(OR) for
each variable and select significant variables for
increased risk of the positive result for LTBI,
logistic regression analysis was performed.
Correlation between the result of QFT-GIT and
variables which associated with decreased risk of
LTBI was calculated using Pearson correlation
coefficient analysis.

Statistical analysis of all outcomes variables
was performed using Statistical Package for
Social Science(SPSS) version 19.0 for windows
(IBM/SPSS Inc., Chicago, IL, USA). Differences
were considered significant with p-values less
than 0.05.

lll. Results

All QFT-GIT tests for diagnosis of LTBI were
conducted by IOE. Among 736 subjects, 155
(21.1%) did a PFT at IOE and 581(78.9%) obtained
PFT data from the health examination results for
diagnosing work-related COPD. The median age
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of total subjects was 71 years(range 59-84 years).
84.3%(620/736) of total subjects were diagnosed
with COPD. The positive rate of LTBI among
total subjects was 69.2%(509/736). There was a
significant difference in smoking status(p=0.036)
between subjects who were diagnosed with LTBI
positive and those who were diagnosed with
LTBI negative. Otherwise, there was no
significant difference in age(p=0.053), comorbidities
(p=0.191), departments(p=0.184), and working
duration(p=0.413) between two groups(Table 1).

The only current smoking was significantly
associated with increased risk of LTBI both in
the univariate(OR, 2.4; 95% CI, 1.2-4.8) and
multivariate logistic analysis(OR, 2.3; 95% CI,
1.1-4.9). Although they did not show significant
results, COPD(OR, 1.4; 95% CI, 0.9-2.3), department
of loading(OR, 1.8; 95% CI, 0.9-3.4) and mining
(OR, 1.5; 95% CI, 0.9-2.5), and working duration
of 10s(OR, 1.2; 95% CI, 0.7-2.0), 20s(OR, 1.6; 95%
CI, 0.9-3.1), and over 30 years(OR, 2.2; 95% CI,
0.9-4.9) were associated with increased risk of
LTBI(Table 2).

The age of 60s(OR, 1.2; 95% CI, 0.5-2.6) was
also associated with increased risk of LTBIL
However, the age over 70 years was associated
with decreased risk of LTBI. The IFN-y level
after stimulation with MTB-specific antigens(TB
antigen tube) only showed a significantly negative
correlation with age(;=-0.126, p=0.001).

IV. Discussion

With regard to occupational factors, WHO
recommended that screening and prophylactic
treatment of LTBI should be performed in patients
with silicosis and considered for prisoners and
healthcare workers(HCWs)(WHO?, 2015). Accordingly,
the Korean Centers for Disease Control and
Prevention(KCDC) also recommended annual
screening tests for LTBI in congregate setting

Journal of Korean Society of Occupational and Environmental Hygiene, 2019: 29(3): 289-297
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Table 1. Comparison of characteristics between former male mine workers who were diagnosed with LTBI positive and those

who were diagnosed with LTBI negative

Characteristics Total(N=736) LTBI positive(N=509) LTBI negative(N=227)  P-value
Age categorized, N(%) 0.053
50-59 39(5.3) 28(5.5) 11(4.8)
60-69 258(35.1) 194(36.1) 64(28.2)
70-79 360(48.9) 237(46.6) 123(54.2)
80- 79(10.7) 50(9.8) 29(12.8)
Smoking status, N(%) 0.036
None 118(16.0) 78(15.3) 40(17.6)
Former 545(74.1) 37 (72.9) 174(76.7)
Current 73(9.9) 60(11.8) 13(5.7)
Comorbidities, N(%) 0.191
None 96(13.1) 62(12.2) 34(15.0)
Others 8(1.1) 8(1.6) 0(0.0)
COPD 620(84.3) 432(84.8) 188(83.2)
Multiple 11(1.5) 7(1.4) 4(1.8)
Departments, N(%) 0.184
Etc. 79(10.7) 49(9.6) 30(13.2)
Transport 46(6.3) 28(5.5) 18(7.9)
Loading 126(17.1) 93(18.3) 32(14.5)
Drilling 7(1.0) 4(0.8) 3(1.3)
Pillar 20(2.7) 11(2.2) 9(4.0)
Mining 458(62.2) 324(63.7) 134(59.1)
Working duration, categorized, N(%) 0.413
0-9 74(10.1) 49(9.6) 25(11.0)
10-19 447(60.7) 302(59.4) 145(63.9)
20-29 158(21.5) 115(22.6) 43(18.9)
30- 57(7.7) 43(8.4) 14(6.2)

P-value was calculated by chi—square test for variables between former male mine workers who were diagnosed with
LTBI positive and those who were diagnosed with LTBI negative.
LTBI, latent tuberculosis infection; COPD, chronic obstructive pulmonary disease; Multiple, COPD and other diseases

including prisoners, soldiers, students, HCWs, and
etc.(KCDC, 2018). The positive rate of LTBI in
workplace had the second highest level among
congregate setting after correctional facility(Kim
& Choi, 2019). It might be necessary to screening
testing of LTBI and prophylactic treatment of LTBI
positive among mine workers. In order that, it is
important to identify the positive rate of LTBI and
the risk factors for LTBI among mine workers.

In the present study, the positive rate of LTBI

Journal of Korean Society of Occupational and Environmental Hygiene, 2019: 29(3): 289-297

among former male mine workers(mean age 71
years, 69.2%) was higher than that among former
male mine workers with pneumoconiosis
(median age 67.0 years, 66.4%)(Jin et al., 2018),
aged underground hard coal miners(mean age 75
years, 46.6%)(Ringshausen et al., 2013), close
contacts of active TB patients(age over 65 years,
37.5%)(Chee et al., 2004), or general population
(age over 60 years, 40.0%)(Gao et al., 2015). The
positive rate of LTBI among former male mine
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Table 2. Logistic regression analysis for factors associated with increased risk of LTBI among former male mine workers

Characteristics N(%) Univariate OR(95% CI)  A-value  Multivariate OR(95% CI)  A-value
Age

50-59 39(5.3) 1 1

60-69 258(35.1) 2.5(0.3-19.5) 0.382 1.2(0.5-2.6) 0.663

70-79 360(48.9) 0.8(0.1-6.1) 0.858 0.8(0.4-1.7) 0.508

80- 79(10.7) 0.3(0.0-4.0) 0.327 0.8(0.3-1.8) 0.550
Smoking status

None 118(16.0) 1 1

Former 545(74.1) 1.1(0.7-1.7) 0.678 1.1(0.7-1.6) 0.790

Current 73(9.9) 2.4(1.2-4.8) 0.017 2.3(1.1-4.9) 0.023
Comorbidities

None 96(13.1) 1 1

Others 8(1.1) ND ND ND ND

COPD 620(84.3) 1.3(0.8-2.0) 0.316 1.4(0.9-2.3) 0.145

Multiple 11(1.5) 1.0(0.3-3.5) 0.950 1.1(0.3-4.3) 0.846
Departments

Etc. 79(10.7) 1 1

Transport 46(6.3) 1.0(0.5-2.0) 0.898 1.0(0.5-2.2) 0.145

Loading 126(17.1) 1.7(0.9-3.2) 0.076 1.8(0.9-3.4) 0.059

Drilling 7(1.0) 0.8(0.2-3.9) 0.799 0.7(0.1-3.8) 0.718

Pillar 202.7) 0.7(0.3-2.0) 0.748 0.9(0.3-2.7) 0.908

Mining 458(62.2) 1.5(0.9-2.4) 0.122 1.5(0.9-2.5) 0.121
Working duration

0-9 74(10.1) 1 1

10-19 447(60.7) 1.1(0.6-1.8) 0.819 1.2(0.7-2.0) 0.538

20-29 158(21.5) 1.4(0.8-2.5) 0.306 1.6(0.9-3.1) 0.117

30- 57(7.7) 1.6(0.7-3.4) 0.254 2.2(0.9-4.9) 0.060

LTBI, latent tuberculosis infection; OR, odds ratio; Cl, confidence interval, COPD, chronic obstructive pulmonary disease;

Multiple, COPD and other diseases; ND, not detected

workers with COPD(69.5%) was also higher than
that among aged underground hard coal miners
with COPD (40.3%)(Ringshausen et al., 2013).
However, there was no significant difference in
the positive rate of LTBI between former male
mine workers with COPD and those without
COPD(69.5% vs. 67.3%).

In the multivariate logistic regression analysis
including all variables, current smoking was
significantly associated with increased risk of
LTBI. comorbidities(COPD), departments(loading

www. kiha.kr

and mining), and working duration were
associated with increased risk of LTBI. The age
was a most important risk factor associated with
increased risk of LTBI(Ringshausen et al., 2013;
Gao et al., 2016). In the present study, increased
age increased the positive rate of LTBI(linear by
linear association, p=0.016). The age of 60s was
associated with increased risk of LTBI. However,
increased age decreased the risk of LTBI after the
age of 70. The IFN-y level after stimulation with
MTB-specific antigens showed a significantly
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negative correlation with age.

The limitation of present study was that
although the positive rate of LTBI among former
male mine workers was higher than the previous
studies, it was difficult to recommend the
screening of LTBI and prophylactic treatment for
LTBI positive in mine workers. Because 30% of the
people who contact with active TB patients
convert to the LTBI and 10% of those develop
active TB. In other words, 90% of them do not
develops active TB(Lee, 2015). And, due to the
side-effects of hepatotoxicity, it was not
recommend the prophylactic treatment for LTBI
positive among individuals aged over 65 years
(JCRKGT & KCDC, 2017). So, it was necessary to
follow-up study of the development of active TB
among former male mine workers who were
diagnosed with LTBI positive. Another limitation
of present study, because there is no gold
standard of direct test for LTBI in humans, only
indirect test using the identification of immune
response to stimulation with MTB-specific
antigens was used for the diagnosis of LTBI
(Inghammar et al., 2010). Although Tuberculin
Skin Test(TST) detects cellular immune responses
to MTB purified protein derivatives(PPD) which
include non-MTB-specific mycobacterial proteins,
IFN-yrelease assay(IGRA) detects IFN-y released
after stimulation with MTB-specific antigens.
QFT-GIT and T-SPOT.TB(Oxford Immunotec,
Abingdon, UK) are developed as commercial IGRA
for LTBI diagnosis(Shah et al, 2012). The
sensitivity and specificity of commercial IGRA are
known to be higher than those of TST(Harada et
al., 2008). However, IGRA causes inadequate
detection rate and considerable indeterminate
results in immunosuppressed patients(Ferrara et
al., 2006; Luekemeyer et al., 2007; Menzies et al.,
2007; Matulis et al., 2008). Especially, IFN-y level
of coal workers and those with pneumoconiosis
was higher than that of normal control(Yao et al.,
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2018). Therefore, only measuring IFN-7 in IGRA
could not represent entire T-cell related immune
response to MTB infection among mine workers.

V. Conclusion

The positive rate of LTBI among former mine
workers was higher than that of previous studies.
Although they were not showed significant results,
comorbidities, departments, and working duration
were associated with increased risk of LTBI. So,
the present study determined that the high positive
rate of LTBI among mine workers were associated
with not only the host factors such as age, smoking
status, and etc. but also the occupational exposure
to mine dust.
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