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Development of Active Tuberculosis among Former Dusty Workers who
Diagnosed with Latent Tuberculosis Infection

Joo Hwan Hwang’

Department of Pathogenic Laboratory Research, Institute of Occupation and Environment,
the Korea Workers’ Compensation and Welfare Service

ABSTRACT

Objectives: Previous study has shown that the positive rate of latent tuberculosis infection(LTBI) among former
workers in dusty environments was higher than that among high-risk groups of tuberculosis(TB). The objective
of the present study was to identify the development of active TB among former workers in dusty environments
diagnosed with LTBI.

Methods: Between January 2015 and May 2017, 796 former workers in dusty environments who had been
subjects of epidemiology research for work-related chronic obstructive pulmonary disease(COPD) had received
the QuantiFERON-TB® Gold In-Tube(QFT-GIT) from the Institute of Occupation and Environment(IOE) under
the Korea Workers’ Compensation and Welfare Service(KCOMWEL). Among them, 437 participants who
received a health examination for work-related pneumoconiosis between January 2015 and December 2018
were selected as study subjects. Active TB was defined as a positive result for active PTB and non-
tuberculosis mycobacteria infection in the result of the Pneumoconiosis Examination Council’s assessment by
KCOMWEL.

Results: A total of 437 subjects were followed up for 2.1 years. Four of them(4/437, 0.9%) developed active TB
during the follow-up period. The attack rate of active TB among subjects who were diagnosed LTBI positive and
those who were diagnosed LTBI negative were 0.9%(3/320) and 0.9%(1/115), respectively.

Conclusions: Most previous studies reported that the attack rate of the development of active TB in subjects who
had been diagnosed LTBI positive was higher than that among subjects who had been diagnosed LTBI negative.
To the contrary, the present study found that the rate of developing active TB among former workers in dusty
environments diagnosed as LTBI positive was not higher than that in those who were diagnosed LTBI negative.

Key words: Active tuberculosis, attack rate, dusty worker, latent tuberculosis infection
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BEAZA ZL2AHdusty worker)= EA] - A =
FES FHFok= g EHoE QI3 B k&2 QI
o FH|(silicosis)?t HE|(pneumoconiosis) & TF
5

37] A%l WY % qlov o5 FF7| AW
3} g5 Fez FuEel el BMoRLE %

A #HZd(active pulmonary tuberculosis, active
PTB)o] HEHO|tHGo et al, 2016). TFHEAFA]
active PTB ZHELS 0.5%(Aliasghar & Mansooreh,
2015), active PTB % 9% 2.84[95% confidence
interval(CD), 1.9-4.1] =2 Aoz UK Cowie,
1994). 1231 ZegALof|A active PTB HHES 8.5%,
active PTB &5 &2 6.58(95% CI, 5.7-7.4) =2
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Ao 2 YePgtiHwang & Oh, 2018).

BEAZA FL2AA active PTB &2 H|et A
o] SRS E= E5Y FHE LHEY|E 1A
T 27 =Eo] ofs HAEE 257] dg glo] I
=7|= gt} 7L SR gk ARt =& SEA
(silica-exposed workers)olA4] active PTB WHE2
0.1%(Aliasghar & Mansooreh, 2015), F-2]3g4AH]
ZAF 591 Z£ZEAin-service underground copper
miners)°llA] active PTB WHEZ 9.5%(Ngosa &
Naidoo, 2016), XIH7} Hg}A] k2 EX12¢] o]
22204 active PTB EHEL 1.4%(Hwang &
Oh, 2018)& UEtyth.

MAIRAZ719HWorld Health Organization, WHO)
o= &84 AH(active tuberculosis, active TB)
SR} HEo|| 95 AMdH Mycobacterium tuberculosis,
MTB) #8¥t active TBEHo] dojd &Eo] &7| w
2ol active TB A}et HE Al guiclo] H|sj MTB
AT} active TB o] dojubr] 4 23 1199
high-risk group of TB) & FEZdA(latent
tuberculosis infection, LTBI) XS tjAICZ o
2w 2AE sk Ad F8L Fi JTHWHO,
2015a; JCRKGT & KCDC, 2017). LTBI %39 7
AP A 9] active TB WHES LTBI =720 +HIS
Aol Hlg] 308 =2 ALE A SUTHPHAC,
2014). ol°] w2t WHOoIA = FHgAE 29 119
Atof| ZHAZ|L, FHeALY] - active TB AAHE
Tk of2WHO, 2015b) LTBI HARS AAI5kaL LTBI
FIAE tdeE ditd AxE disty Sl
(WHO, 2015a). stA¥F &2 9 X2 F22;
o A19] LTBI AAF ¥ LTBI & gxk] tigt o3 A=
£ Haskal A ko, ol dde = LTBI 44
& 9 LTBI A4S active TB &Hof tist =W
A= AY 37] ofgoh

wEba] B2 LE2AA LTBI ¥/d& 2 LTBI &
A4 active TB WHES SRIstIA} L2EA|FT
of THdH A HAEH chronic obstructive pulmonary
disease, COPD)2.2 Q% Al17sto] 2| dghg Aol
RSt AERARE H2 GAEXAY olAE=EA
796 o2 LTBI AARE AAIsH 1 (Hwang et
al., 2017), ol @FoAE= ol 7968 o=
active TB &% -5 2 LTBI A3 -2 active TB
2 g0l Zfo|7t QA ERlstaizt skt
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1. 97 Y

Z2ExFo] COPDE 8% A1A31e] 20154 1
4 195E 20179 9¥€ 3147HA] AP Aol
HHESH] AERANE W A JeE A AA At
Ao AT #o] 59 & LTBI HAALE e dA B
A oA LZAF 796HS 2 AFHWAIRZ XA
LTBI ¥AAFS] 10%01A active TB7} E¥sk=d] o]
= % 5%= MTB 9 o|F 21 o] active TBE
dHst= A= d2A QUtklee, 2015). olo =zt
ot Aoz AFHIAY] LTBI AHAF AAILER
20189 129 3147kA] HAIE AHHLEQAA7)
o+ A= o]831o] active TB & 2 LTBI AAF
ZAito] @ active TB HHE ZolE ERlstaLA} st
Aot SHATE AR 7968 F 359%8(45.1%)
LTBI A AAY o]% 20184 129 31¥47HA] A=F
YAFDAEE 92 Qkof active TB Y ofF &
Qlo] E7Fsst7] wizoll ot A-tthdellAl A|Llshed
oh wEbA] FHZx AR 796780014 359 Al
gt 437982 & AFREAE AFsielt

ol dAit= AdEATY 71HAEEET YD
(institutional review board, IRB)Q] A3 U AT
A&o] it 419] £2l(approval No. 219993-201810-
HR-03-01) & A+E5 XHst3ich

R

2. Gt i
1) gy Zst T

AR EE2AIA A 8F A1 OE X9
LRI A 12 AR A3 29 Aol = A
% active PTB7} QA== 7% A=) o=zt A=<
229l H3 5o I3t HE AISAE A3z #4
(20109 11€ 24 7W)ste] 22 AT A gt
PAt T, i 9 5 AARE AAsta A7 At
7} 28 oRE oot EXAPETH HAKAEG S
29 5= AAIstaL Ut shA|RE ZH 9] ot} ZlH|
SEA] Ho 5o #e HE /N ool Ad &
At = HARES AAsta FRIeA Easithal
NGk A-Folet it AAE AAlSIH. XHA4gd
QAT Ao A A ikt = AR Bt 7HA]
1 active PTBE ZIetseltt stejete S d A
Ql2F(Korean Standard Classification of Disease
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(A15.0)° fFsl7] WREA(KCDC, 2019) AHHEQR
A7) A3} active PTB E 8|2 vpo] T ]
oHnon-tuberculosis mycobacteria, NTM)Z@Oo.2

ek
2) #5d 2

A Aol A active TB WHES
A AN FEAAZ)

59 o

1247)

=13

=
HHE

At

=

At A

i =

=2

g sl

1

749 active TBE ol5}9tt.

ghlslr] 919

I AR EFste
THARE sig o] 23] ool L2
T2 Aol AHATRARIHAS
AlERo] 7MY =2 A3t

20159 1¥ 1

YHE 20189 12¢¥ 3147k AAE AHAHDQAHA
DAG A3bs BEAof o]&sto] active TBE ZTtr
< AR 5 AA AR = YR 1
AIE HESE YRt

STEe IR0 BEY 2 wuE

69

o]

H AR A A K DAAH) AT
Fo 168L A3t 4219 BT FHREAIAZA
A1¥ vgHO/0 3358(76.6%), 0/1 868(19.8%)]
Atk mHebA] o At A4 9] active TB HH
9 A9 FFIAET A1Y vl B34 22
Aof|Al active PTB HE(Hwang & Oh, 2018)%
LTBI FAA9] 5%7F MTB #Y ©]% 24 o]ujo]
active TB7]‘ ‘?-__]'tg(Lee, 2015)3]'}5 AE @-_T/_‘ET]-OE] ol
AN SR} 437 S 3-699ollA active TB7} g
Akl F45kAT.

3) EAEY

AEHA(ATY, WAV H o=, HAS
H(LTBI AAF 23}, active TB &Y of¥)9] AL Z+
e H B4 wet 2F3ste] Rlx(frequency)=
YUER ST}, active TB &Y oo W& LTBI Fd=¢

=/ & 7] vla 404+ crosstabs analysisE

Dusty workers who were received the QFT-GIT

test between 2015 and 2017

(N=796)

QFT-GIT positive
(N=548)

QFT-GIT result

QFT-GIT negative
(N=244)

Indeterminate
(N=4)

“Lost to follow-up
(N=228)

Follow-up among subjects with
QFT-GIT positive
(N=320)

" Lost to follow-up

(N=129)

“Lost to follow-up
(N=2)

Follow-up among subjects with
QFT-GIT negative
(N=115)

Follow-up among subjects with
Indeterminate result
(N=2)

(

Active PTB (N=2)
NTM (N=1)

J

[ Active PTB (N=1) ]

[ No active PTB }

Figure 1. The subjects and flow diagram of the present study. * The reason for study exclusion was that 359 subjects did not
receive the health examination for work-related pneumoconiosis during the follow-up period. Therefore, it was
impossible to identify the development of active TB. QFT-GIT, QuantiFERON-TB® Gold In-Tube; PTB, pulmonary
tuberculosis; NTM, non—-tuberculosis mycobacteria
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ol&oltt. BA EAL Statistical Package for
Social Science(SPSS) version 19.0 for window
(IBM/SPSS Inc., Chicago, IL, USA) =2 13E o|-&
SFAL HE EAOA pgho] 0.05 HEl BE 79
gt Aog wsith

m.z 2

1. ARUAXI0AM 25 23 UHE

AA QA 4377 Bt AH2 73.9+£06.94
2 A7 W)= 51-87A41%1th LTBI HAN AA D2 HH
201849 12€ 3197tA|9] active TB ¥ o7& &
Q1gt A3t 478(0.9%)2] At IA oAl active TB7F
oA ol F 39(0.7%)2 active PTB, 173
0.2%) NTM o= SRIFIct A7 gAL 437
Ho| Wyt W7 2.14(769.7Y: HY 1-1,456
9), active TB7} 23St 479] AFchiAte] Ho &
772 2.49(892.59; MY 634-1,048Y)01ATt.
2. AEAMAE 6{R0]| [E &S Zall WYE

FAA AR 437780014 LTBI AHAF 23 S8
320%(73.2%), 232 115%8(26.3%), indeterminate
resulte= 29(0.5%) 2.2 1=t LTBI Y440 A+
AR 3208 A CRE LTBI AAF AALZHEH
20184 12¢¥ 31Y47HA] active TB @H oHE 3l
gt At 375(0.9%)9] ATt A llAl active TB7F &
ot ol % 29%(0.6%)2 active PTB, UHA] 1
H(0.3%)2> NTM ez gRI=ct LTBI &4
AR 1158 o2 LTBI AAF AAd=zR
B 20184 12¢ 3197M4 active TB ¥ o5& &
Q1gt A3t 175(0.9%)2] At dAolAl active PTB7F
dhsteict. LTBI HAF 23 indeterminate result®
SRlE 27g9] ARl A= active TB7} i 5HA]
ArtHFigure 1).

Active TB WEES A AA AR 1% 7l
TH0.9%) 22 UERH7] wEo] LTBI YA}t 444
74l active TB THE H|w E42 AAsHA] Aoitt.

V.1 F

WHOO! w=w A AJA RIS 1/30] MTBofl
wof Slthal A AR MTBO HFH AL SiA]

www. kiha.kr

257l o active TBZ ¥HsHR= ZE=tHWHO,
2015a). @A7HA MTB 4 94 active TB & H=
+ active TB &} HEAH9] 30%7F MTBO| =] o
UAGE active TBE WA 2 AEHE BESHA
&4 o] LTBIZt st LTBI 9/3Ake] 10%Cl14]
active TB7} H¥sl=t] ol % 5%= MIB &Y °]
T 24 oHfell, YA 5%= BAY oj A|7]|
active TB7} 2rggtcty 434 QtHlLee, 2015). ©|
of weh, A A AAZE dAHEHHe]2 A (human
immunodeficiency virus, HIV) 94 #X}9] 71,
active TB &4} HEAHES| 54 o|st oj=lo]), wfHgt
Z}, tumor necrosis factor(TNF) Z&A Foj&ka}, Al
F FASAL A7|o|AgAr s 22 A 19T
(high-risk group of TB) % LTBI ¥AE tiio=
iz ® RAE o= A HZ FiL UTHWHO,
2015a; JCRKGT & KCDC, 2017). 28 1937o]
& active TB &4 = Al dyielo] Bls) MTB %
F} active TB THo] Loju7] 42 JAde =, HY
glo| gojal= LS ok AU ARE fsl AYH
o2 HWYEZ ok MY AleS e IR
o] A8 nAF o EIHWHO, 2015a). %15
7F 2get 2212 oA AF ¢ X7} Wy shA] ok
< B2 oA EEAF B AY 19¥T F ol
TRl BIE] active PTB W¥Eo] AHZOE &
2 Zo g Yep7] H&ol(Hwang & Oh, 2018) °l&
< Ao E LTBI Y€ % LTBI YA N4 active
TB &8 &elo] Zasirtal W= gt
AAA S EAAE A AlgE Aol ek A7 s
Lo Met- b BEA, 7tEg & 59 & o] ¥
3t COPDE ¥4 Avoz ©gA](20134d 7€ 1¢¥ 4]
Yol w2t F2EA|FHo] COPDE 8% 41735t
AAF A AollA AFHAY ARRARE =2 22
2ty oA LEA 796 WAL E LTBI HARE 43
skttt 201595E 201797H4] LTBI AARE 2 &
212 oA LEAL 79678004 LTBI P& 68.8%=
el (Hermansen et al., 2016), 2 193
“Lee et al., 2009; Leung et al., 2010; Gies et
al., 2013; Lee et al, 2014; Altet et al, 2015;
Gobel et al., 2015; Kim et al., 2015; Lee, 2015;
Zelweger et al., 2015), ¥°3% <22HRingshaugen
et al, 2013) 9@ ZAAAH HA J5Z2ARHPark et
al., 2018)°f| Hvlsl 7 &2 LTBI FdE&S EAUr}.0
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H Aol A= LTBI YARE tdoE oAfZ X759
Z Qg gRlsty] fJsto] LTBI Y% EX12Y o]3]
TEANA active TB WHE ¥ LTBI offo] o
active TB IHE AolE ERIstA} 51t

Aet QALY 15,980 o= AAIRE A2
oA LTBI FAAS] active TB HFES 1.3%
(20/1,703%)2 AEZHTA /84 0.2%(20/13,463
gl Bls diHo R =2 A2 UehdtHermansen
et al., 2016). Active TB A FEAE oz A
ARt Ao A LTBI F/9A4HS] active TB EHE
2 1.6-17.3%% LTBI +/37H0.0-0.5%)°1 HIs
Hog &2 Aoz UeEPJtHGies et al., 2013;
Altet et al., 2015; Gobel et al., 2015; Zelweger
et al., 2015). o] I5he TRE hFOE AA]
St AFZAT oA LTBI YA+ active TB HHES
0.0-11.5%=2 L7] AFH&HLee et al.,, 20092} =
A Zo|AE L ee et al., 2014)°A4= LTBI YA+
olA9] active TB W& LTBI /A0l HsH AJh
Hog =AW, FHEE(Kim et al, 2015) & &
A(Lee, 2015) A AE LTBI 2494419 active
TB ¥E°] LTBI ¥/dAtel s Hdido= =it
TR 24172 o= AAIRE Ao A LTBI
PR active TB YHES 6.6%(10/1518)E LTBI
=737t 0.0%(0/90%8)°]l HIs A E =UTHLeung
et al., 2010). ZTH FA 5FAKR}; 458 T
dos AARE AATolA LTBI YA active
TB HHEL 0.9%(2/228%)Z LTBI 244 0.0%
(0/230%9)] ®lsfl AHHoE =2 ZoE Usgth
(Park et al.,, 2018). B°g% <=4} 1182 o=
AASE AFZATo A LTBI FgAeF 444 E5oflA
active TB7} @A+ AUtHRingshaugen et al.,
2013). GAERZY o]AL2A} 4375 thde=z A
At o] LA A LTBI FAAS] active TB &
HEL 0.9%(3/320%8)F LTBI 2434+ 0.9%(1/115%)
o} 2 AoF YEhdtt BRI o EZ2Ake] H¢-
LTBI &2 tE dAddidA=ol Hlsf 7P =2
wkHof| LTBI FAdAIA active TB HHES LRI
T, 29 nFETe] Hls) Wt AEE FA4 9
BEZAAL} 2L active TB HHES HYch

E2AY o|AZEAA 2 LTBI Fd&S Ho]
I o= Bl W2 active TB EHES YEHY
= 8Q00=2E= AgE & & . A¥EER(Korea
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A=z oMol BXIAY IRN0IM BEN Zu wHE 71

Centers for Disease Control and Prevention,
KCDO)oA 23t 20189 AT} 411 d3} Ko
2 20119 Ala 28 ASKIEA| AR =S Tt
Zo] gl A9 Alfekh&o] 78.9%/10°Ho2 1
A& 71538 & 201295 | X&H0E Aot
20189 AT AW A2 51.5%/10°8 02 et
St g E 29 ASRE B3 BE ARFolA A
Sh= FAlO SIANE Aol S71ds 2AY 4lgkAkEo]
7Pk FA41E Eolar IEHKCDC, 2019). RHHof| #
HADQAAHAES v B2 o] 2| L2 o] A]
active PTB W& 544 vITF 7.1%, 55-59A4] 5.1%,
60-64A 4.9%, 65-69A] 4.5%, 70-74A 4.1%, 75-79
Al 3.2%, 80A] ol 3.0%= AYo| F7ieto] wet
active PTB W2 fdote= Aoz UetHHwang
& Oh, 2018). oJ¥ A-Foh/dAte] 49 A7 ¥ active
TB Y& IRI2 E7Fs sFAINE LTBI &2 60
Al B9t 72.0%, 60-69A41 75.6%, 70-79A41 66.1%, 80
Al ol 60.9%= 70 o]oA= Aol S7Ietel o
2} LTBI /d&c°] A= 202 Ueal MTB £°]
ol HE T HAGoA BEeEl= JAHHED
(interferon-gamma, IFN-y) 92 A#7} |95t 29
A HA|(Pearson correlation rAo=-0.134, p<0.001)
£ HoF1l itk Hwang et al, 2019). webaA Lyt
AT H A 1 FFol|A = APo] STl wet
active TB Y*E0] S7ISHATE BX1&Y o] ZL&2A0]|
A= 8ol $71d= LTBI ¥/d& ¥ active TB &
HEo| fagtha o & Stk

LTBI AARE 92 A B34 o|AL24}F 796
% 3599%(45.1%)= LTBI AAF AAY o]% #&7|7H
S Y ERES WER] Qko} active TB ¥ ofF
gelo] E7ks sk}l ol& <lsf active TB7} W3t
AT IAE 7F AA] AL GRS 1% vl = e
U active TB HHE ©o]<]of] LTBI oJFof T active
TB YHE Aol & #2210 tiet EA4S AAISHA]
Sokdnt X9 9] ofita} XHE2X1e] S 5of Tt

E AI8qt3] A15%0] =H X2 19 ol &
ARt & o]Zgt ZLEALe] - vid 13] o) oA+
BT W o AEF 5kaL QI oA AR
A5 <o) 8 Ao TE HAFY] £3 Hrj= o]F]
SEARS] 7181 ARGS S A7 ¢
H FZolgta & &= 9}, KCDCoA = ¥ A+E o
do= AAHX 5 IHAAE AYstar il oAt

-
R
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AL W 22 F9 o AT
% 654 o9 1ol YsEolet & 4 glek. webA]
AR TGN AN Y BARY olHamA
2 fgos ANSKE o|xA} ARAe A Wi %
NHoE e 4 YES 2EAY QA U A% Aol
PR8I ]S o) LAY olFREA % 1FQITo]

Ao Aal]o] =go] 2 4 & A wdEH
] A5 AH o AHI=AY] Ho 5o
T3t HE AP+2] A2RA250] active PTB7F X1
o] T F stz FAIEC] QAL 201849 11 12
71 TEEATE e EHAAHR R ootH AA|
2= gkt 2,571 3 894H(34.8%)2] 8F A
7} active PTBE A 9529 FHF FolA o5 A+
A5lal ek Hwang & Oh, 2018). 18|31 AHZ %
Al%goto] 1984WHEH 2017E7HA] AHAHLQAAT)
AdS -2 BR8] L2AHEDZG ] 149 o) FAk
gt & o|A%t 2R ZHE R AAIRE A2
oAM= AHZERIA  active PTB HHES 8.5%
(Hwang & Oh, 2018)& active TBEEZAKVidal et
al., 1997; Chee et al., 2004) ¥ F=2HAliasghar
& Mansooreh, 2015)°] H[s] AtHFog2 w2 Zo=
UERGaL Aol A LTBI A2 66.4%= LERE
tHJin et al., 2018). SFA|TF = ZH| &AL A4 Q] LTBI
€& 9 LTBI FANA9] active TB o] #gk
A= EA7HA] o] FofA|A] 2o k.
V.28 B
AAARCE A9 1P+t 22 Ay o]
=2 A 9 IS e ARAE RAE o=

FAHES HIYAT active TBEHES ¥ 7108 4
Eyt7] wjiEo] B ZE2Ao|A LTBI FAEAE o
Ao gt AR E 2A)= B st wtEch vhH
of XE|(FFLAMAZAL A1E ohHTA A= active
TB A} A} fHgkAto] Hls) active PTB ¥4
Eo] Adidoz 7] i AHIAE o=z o
W8 229 284S FRIsH] YoliAls XEHEA}
A LTBI 448 9 LTBI YAAIA active TB ¥4
of gt A7t Z a5ttt
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