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Prevalence of and Risk factors for Latent Tuberculosis Infection among

Employees at a Workers' Compensation Hospital

Joohwan Hwang - JiYoung Jeong - Byung-soon Choi’

Occupational Lung Diseases Institute, Korea Workers’ Compensation and Welfare Service

ABSTRACT

Objectives: The major objective of this study was to investigate the prevalence of and risk factors for latent tuberculosis infection
(LTBI) among employees at a workers' compensation hospital.

Methods: Among the 394 employees at I Hospital, 362 were enrolled in the study. An interferon-gamma release assay(IGRA) for
diagnosis of LTBI was performed using QuantiFERON® TB Gold In-Tube(QFT-IT). Risk factors for LTBI were analyzed using
logistic regression analysis.

Results: The overall prevalence of LTBI was 32.0%(116/362). The non-medical departments have a significantly high prevalence
compared to medical departments(39.7% vs 23.2%). In multivariate logistic regression analysis, experience working in the
pneumoconiosis hospital(OR, 3.6; 95% CI, 1.3-10.3) was associated with development of LTBIL.

Conclusions: Korean guidelines for the management of tuberculosis recommend annual regular health examinations for TB and
LTBI for health care workers(HCWs). Considering the high prevalence of and risk factors for LTBI among non-HCWs, it
suggests a need for annual regular health examinations for TB and LTBI for all employees at workers' compensation hospitals,
including pneumoconiosis hospitals.

Key words: health care workers(HCWs), interferon-gamma release assay (IGRA), latent tuberculosis infection(LTBI), Tuberculosis
(TB), workers' compensation hospital,
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ZA 3 (Tuberculosis, TB)> At (Mycobacterium Ao wleiA ZA ZASFGAW Sviete] TB
tuberculosis, MTB)o|| oJgt F-7|uj7f] ZgHoz =+ w82 A7l HEE 2] 714 Organization for Economic
el A A8 o 2 welo] #et HE AR Cooperation and Development, OECD) 3| =+ & 19
2350 ABTAAIEIEH R /AL THsAol 2 oA FARS 9¥star JUTHKCDC, 2016).
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Ho| Zazt FAH)e® PAIH ok BAwS <5t & SR 4= Qlal o]23k S MTBof| 3
zo) AT ABAAH AR 19659 1000009 AE Aol Aol A MTB7F 4] sHAA Lhehd
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(i)

th. MTBO] F4] offof we} 254 Ad(active
TB)3} #HEZ 3l (latent tuberculosis infection, LTBI) .
2 Ut} Active TBE= MTB7} F|Ujol ZA]8HHA]
HHE doy|= AR active TB AL} H &3t
omE MTBo| fgEAE @AW dEA 5
25-30%7F MTBo|| &t ol A AF9] oF
10%) A active TB7} Hsl=d ol &F 5%=
MTB #4 $ 2 ofoll, Ze]aL U A] 5% B4
of A& wfgo] oFstE Al7]of IR FHrHComstock
et al., 1974; Lee, 2016). T3+ MTBo]| g = o] Huj
of 24=2] AtolQli= MTB7F A5 R 2 vj&E
A Qkol BRelof|A] Aubs|x] ofom, FA4bo] lat, &
Abat 7 AHacid-fast bacillus(AFB) stain)@} &5 X-A
AAoll A 4l %5 LTBIZtaL g} LTBIS] 74
F AWl doldle 248 MIBE 23 2ld 4=
%7 wzoll Aoz MTBO] ko ie 3
A8t Purified Protein Derivatives(PPD)2= &212 1]
el F=AFste] o]xof] MTBe| ZH2Hel T lymphocyte
of &gt AAMRIEEZ-o] doju=AE &<lste] MTB
o] el thigh WSy w-3-& Wreh= WSl
Tuberculin Skin Test(TST)”7} LTBIE A@sl= 54
3t HAPH O 2 AREE o] gth(Pouchot et al., 1997).
SHAIRE A MTBof| #H2HE T lymphocyteo] MTB
FAS A=5ke] EH|E = interferon-gamma(IFN-y)
£ S543ste] MTB #4 /55 zdets WiQl
IFN-y release assay (IGRA)Q] 3-8&Alo] Q]Zx|HA]
LTBIo] tfgt At 2 X =77} 7FZ= 3 ¢lth(Lalvani
et al.,, 2001; Shah et al., 2012; KATRD/KCDC, 2017).

O] 7 ZFAXHHealth Care Workers, HCWs)2] 7%~ TB
B2 W TB TR feE QAR E wELo
= WESHHA MIBo] 245 % 9l7] i) TB 913
oz e A gthJoshi et al., 2006; Kang, 2011).
oFA H A5 H(Korea Occupational Safety & Health
Agency, KOSHA)S] H+tof w2 1999 K¢ 2007
71 WA 10619700) A4 A % elRarelo]
o5t e 8% & LFEFEal(Ahn & Lim, 2004) 2001
WRE 20067k HAgE HCWs 9| TB w2 A&
(1.05%)2 d8kel L (0.074%)5.ch =okthkJo et al,
2008]). 1998 RE] 2004 d7kx] HCWsol| Al Ayt
307749 4y & TB7} 71%= 714 &1 AFE2 =
TEBAF 75%, QAF 12%, 2]&7|AF 8% THChung et al.,
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Adloi Ao Yeihgale] =
)t 192G AR} &) #ha), 18l 3
of &t HE AT L A
AR A o] AF e} 182(HetxAhel utet o) & 7]
T 5 A9 TB 37t 19 o] Af HAst A+
TB st AE AAskL 9t AR AT AL
220179 29 7]E, AEEA) HEH 257
e e R gt TB getxAbrt 20139 81710014
2016\ 0= 8567 02 F7lsh= Ao 9L, TB )
AL Al QS 7127 o F3H2015 69) = H A
A 9 og77|H 59 2AFASTE S ok
(KCDC, 2017).

ol2fgh vl stoll A= TB E|XE $Jafl TBY] AA|
2 oo HFHE = TB M=) AgA 8-S wxs)
At 2016 8E Ao AlYHHS 75t
2017 HE TF 404 Aol M3k AZFRI gt 9
o727 TS IS A S Yo 2 LTBI HAS
AlgYstal o= 7|, ARz

fist)

LTBI AAS W2 5131 Qlth LTBI HA= MTBO|
Q5|9 oL WhgakA] ke Aol A active TBE 7]
4 TB $iAe] %), TB
23l MTB 79 9] f1eAdel
e oRBL fyom AWILEE s o
(ATS/CDC, 2000; KATRD/KCDC, 2017). 18] il =7}
Auipel Aol whet ojmslpe] e o ojmsln
of ARAAE MTB o3 7H5 417} o5 a7k 2
2fsto] FLAf, Ao wh 57 1<k, MTBof| A4
O 7 ¥3E= A 23 MTB =& 7HeAdo] =2 2k
33, 5% TB 19T X ESh= 2k 44, MTB =&
Zhs Aol 9l Ak S L el o)) FADOR
DR} o ¥ @A A Szl met 77 A2
= Y5t AASE=S skal QITHKCDC, 2011).
= st Absh A A ek
Awae7|wol7| e st} o5 Y
o 719% 9 yhysH)4 5 23K Chronic Obstructive
Pulmonary Disease, COPD)o] ot HAF W A&7} 3
FHoz o|golA Yo, Wazel gzl B

A | A dH(active pulmonary TB, active PTB)7} 23}
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Jolalsl el 7] URs sl
T S(silicosis) 2] A-F- AH X7
w_ W F5E fiwen ERsn
(KATRD/KCDC, 2017), COPD Z}2}o]| 4] TB 2+

oF 3Hfj(hazard ratio(HR), 3.1; 95% confidence interval
(CD, 2.4-4.1) Z7}ol= A2 2 YeEgthInghammar et
al., 2010) A o|E FAER Qldlo] AR oF7|
FAAL] TB WSS Uk o) R71% AR ¥

b &3 @ 4 9k
whebd o]l Aol At AR ARl A
18 EA35le] MTB 79

LTBI 43¢ 2 9989e B4
Ao w sekshas sl
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acpiel Ao Aragziael obd 1Y
A S 39498 Ao 20169 7URE 897

4, AR BALE, vlshet AREACHE, $HA %
A, $E4, ASPAISHY, Gaelst, 1n
2, AR, o), AFS B S Y B vl
£ AT QY= VNG NEOR S HFB
REA, 2RALS 109E 71EOR 109 gk
109 ooz BRsgt

LTBI 24t A7tAae] 22aole 33347}

A71E] A e 6 mLo] 23 & Greiner Bio-One
Ltd., Ampur Phanthong, Chonburi, Thailand)of] &3t &
QuantiFERON®-TB GOLD In-Tube(QFT-IT)(Cellestis/
QIAGEN, Hilden, Germany) kito]] 33+l Gray cap tube
(Nil control, negative control), Red cap tube(TB antigens
(ESAT-6, CFP-10, TB7.7)), Z12]3l Purple cap tube
(Mitogen control, positive control) 5 37]2] tubeo]] Z+Z}¢
HE I mL 4 BE T wbed] Wwo] B2 sl
coating® 4> =9 FSIth Tubeo] A

1% el &
g A7 71AISE T 16A17F ool 37C incubatoro]|

2] ARZAF @ IGRAE A X3k 20A| 7t %-2F incubation$t Z+7F9] tubeE 1,500 - 2,000
dle] WEE 217194 AR B 4w, <eold 158 5o AR ¥ Aaplama)thg 7
To/ez ojB et AW(Gi, 1ES, 7HA3s Al 34 50 uL2] conjugate solution®} 50 uL 2] A2 =}
ARl ARAS B g2 o, 7eh) 9 2 96-well plateo]] 313 Th 50 uL 9] standard solution
¥ o]® BCG AZ ol®, 3} TB 2 ojH 317 < wello]] £558F & microplate shaker(Micromixer Mx2,
712 9 E@o] TB uh ofX, KE S Ha o FINEPCR®, Yangchun, Seoul, Korea)S o]-&3}o] 231
2% TB 2 EE AAeke] Ay gE ong T AS F 2AE S Aol incubationst . 350
2 bk Tk uL 9] wash bufferE ©]-&3}o] 61 o]A} washingdl %
A AA Arhate] W AP@29 + 111 100 ulef substrateS Sl Blo] Atk AEel A
ADERl 40 & 71 & 404 wletak 404 o4, & HEelA 302 2F incubationstiTt. S0 uLe] stop
e To oRZ y|Fow u|T AR}l wA w solutiong E5%F & 55 o]ujo] automated microplate
A2 A%}, HAL AE o]BE 7|Z2og HARE multi-reader(Infinite M200 Pro, TECAN, Austria)E ©]
NEATEA, oA BERYARAN Ay SOl T 450 m, BT 540 ol FY=
5, AZRTENE, AR, A ER AR B S FEEe] B2 2t ube H IFN-y =9
Table 1. Interpretation flow diagram of QFT-IT result
Nil (IU/mL) TB Antigen minus Nil (IU/mL) Mit%&%ﬁgls Nil QFT-IT Result Report/Interpretation
< 0.35 > 0.5
Negative MTB infection NOT likely
> 0.35 and < 25% of Nil value > 0.5
< 8.0 > 0.35 and > 25% of Nil value Any Positive MTB infection likely
< 0.35 < 0.5
> 035 and < 25% of Nil value <05 Indeterminate ~ \oSuAts are indeterminate for
TB-antigen responsiveness
> 8.0 Any Any

QFT-IT, QuanTIFERON@-TB Gold; MTB, mycobacterium tuberculosis bacillus; TB, tuberculosis
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(i)

LTBI A= QuanTIFERON®-TB Gold Analysis Software
(Ver. 2.62.) (Cellestis/ QIAGEN, Hilden, Germany)< ©]
2319t LTBI Z 3= TB antigens-NIL control Zto]
0.35 internal unit (IU)/mL o]A}o]™ <FAl, 0.35 IU/mL
ujglo|™ &4 o & 1231 NIL control Zro] 8.0 IU/mL
Z 5174 Mitogen control ZFo] 0.5 IU/mL w]gto]
indeterminate & F+=3} 1 THTable 1) (Mori et al., 2004).

Table 2. Prevalence of LTBI according to baseline characteristics

i

ReAe pis

gl ikele]l

=

BBAROIN HEBHLY FEE U 9 241

SPER-Y

R I W

=7 Statistical Package for Social Science
(SPSS) version 19.0 for window(IBM/ SPSS Inc.,
Chicago, IL, USA) T2 1L o]F3l¢ch BE
= 540 wet o]R&ste] RlE(frequency)e}l H]
&(proportion)= UERITE LTBI Zx}o] whe
5 749 H|iE= chi-square test(Fisher's exact test),
LTBI 192918 o2y 2AAE 3754 (binary

=
e

Variables Total LTBI positive LTBI negative p-value

Subject number, N(%) 362 (100) 116 (32.0) 246 (68.0)

Gender, N (%) 362 (100) 116 (32.0) 246 (68.0) <0.001
Male 110 (30.4) 50 (45.5) 60 (54.5)
Female 252 (69.6) 66 (26.2) 186 (73.8)

Age, N (%) 362 (100) 116 (32.0) 246 (68.0) <0.001
<40 162 (44.8) 24 (14.8) 138 (85.2)
>40 200 (55.2) 92 (46.0) 108 (54.0)

Smoking status, N (%) 358 (98.9) 114 (31.8) 244 (68.2) 0.007
None 282 (78.8) 80 (28.4) 202 (71.6)
Former and current 76 (21.2) 34 (44.7) 42 (55.3)

Alcohol ingestion, N (%) 362 (100) 116 (32.0) 246 (68.0) 0.569
No 170 (47.0) 57 (33.5) 113 (66.5)
Yes 192 (53.0) 59 (30.7) 133 (69.3)

Other disease, N (%) 355 (98.1) 111 (31.3) 244 (68.7) 0.229
No 300 (82.9) 90 (30.0) 210 (70.0)
Yes 55 (15.2) 21 (38.2) 34 (61.8)

BCG vaccination, N (%) 340 (93.9) 112 (32.9) 228 (67.1) 0.184
No 54 (15.9) 22 (40.7) 32 (53.9)
Yes 286 (84.1) 90 (31.5) 196 (68.5)

TB history, N (%) 362 (100) 116 (32.0) 246 (68.0) 0.536
No 355 (98.1) 113 (31.8) 242 (68.2)
Yes 7 (1.9) 3 (42.9) 4 (57.1)

TB history of family or colleague, N (%) 358 (98.9) 116 (32.4) 242 (67.6) 0.033
No 324 (90.5) 99 (30.6) 225 (69.4)
Yes 34 (9.5) 17 (50.0) 17 (50.0)

Departments, N (%) 362 (100) 116 (32.0) 246 (68.0) 0.001
Non-medical departments 194 (53.6) 77 (39.7) 117 (60.3)
Medical departments 168 (46.4) 39 (23.2) 129 (76.8)

Occupations, N (%) 362 (100) 116 (32.0) 246 (68.0) 0.042
ETC 219 (60.5) 79 (36.1) 140 (63.9)
Nurses 143 (39.5) 37 (25.9) 106 (74.1)

Working duration, N(%) 362 (100) 116 (32.0) 246 (68.0) 0.001
<10 153 (42.3) 35 (22.9) 118 (77.1)
>10 209 (57.7) 81 (38.8) 128 (61.2)

Experience working in pneumoconiosis hospital, N (%) 143 (39.5) 37 (25.9) 106 (74.1) 0.002
No 125 (87.4) 27 (21.6) 98 (78.4)
Yes 18 (12.6) 10 (55.6) 8 (44.4)

LTBI, latent tuberculosis infection; TB, tuberculosis;, BCG, Bacillus of Calmette and Guérin
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Table 3. Risk factors of LTBI in employees at a workers' compensation hospital

Univariate OR

Multivariate OR

Variables N (%) (95% CI) p-value N (%) (95% CI) p-value
Subject number 362 (100) 143 (100)
Working duration 362 (100) 143 (100)
<10 153 (42.3) 1 53 (37.1) 1
>10 209 (57.7) 2.1 (1.3-3.4) 0.002 90 (62.9) 2.1 (0.8-5.2) 0.107
Experience working in pneumoconiosis hospital 143 (39.5) 143 (100)
No 125 (87.4) 1 125 (87.4) 1
Yes 18 (12.6) 4.5 (1.6-12.6) 0.004 18 (12.6) 3.6 (1.6-10.3) 0.017

LTBI, latent tuberculosis infection; TB, tuberculosis

logistic regression analysis)2 ©]-83}¢] 9% = (0Odds
Ratio, OR)E RAJ3tith WE BAoA pgko] 0.05
vyl A9E ot Aoz washark
ol d+= A AAHEEATL: 71 E &9
2 3](Institutional Review Board, IRB)2] o1& Y
AtAZ ol gt o] 52l F X33t Approval
No. 219993-201704-HR-04-01). AFLHAFRFS] 7)1 A
HEG = AR RETH” A2zA195 e ot o
TR TNSE A 5 Qe AEOHIAEA
o AAEAL, A4 MR AR
EE QRS ngAEdsR A Yshstl AT
AFHAAATE =R E & 5 g FezH Al
Aol AR} o] AgEolE dArchaatel 7

QIFRE QIgh Holejo] QE Bhgr)
M. o172 Z 1}

1972d0]] Zdgh Al Q9F7]el I
4= 50070, A 4= 3947 9] Ho|rh. XA 394
ol At Frojo FoJstA] ¢ 31t A+
of SYPAI EJARSE 178 AT 362 2F
At dAtE A 2016d 69 304S 7|+
o7 Y B FAETo] TBR k= ¢ldd
o}, HT 3|z WAL whE TB #Hat= 2949
o] it}

A AT AFR ol A LTBI -8 -8-2 32.0%(116/362
m)o 2 vebgth A(p<0.001), A= (p<0.001), ZAZ
(p=0.007), A 715 9 AAFEA Y] TB U ofF
(p=0.003), F-A(p=0.001), L5717Hp=0.001), %=

o o g
£ o o

http://www.kiha.kr

oF7| 3 L o] H(p=0.002)0] 4] LTBI ZA3}o|| w2 =
25 groll BATA {3t ZpolE HGAtH(Table 2).
AR eF7IE FARROlA A YGA agle] &gt
LTBI 9J3la0le ulolslr] o8 2577 A A
< o RE Yoz LTBI 9@ 8ds

- 3 EA Axp ZF7|Te] 10| o]

bol At Aol Al 2.181(95% CI 1.1-3.4, p=0.002),
a7 2 Aol e AT

A 4.580(95% CI 1.6-12.6, p=0.004) EATFH o= &
oA F7keh= Zoem Ueha o3 2
oM Ao D271 25 o] A= A
kAol A 3.6HH(95% CI 1.6-10.3, p=0.017) E-A3t
Aoz FoJsHA F7kshe Aoz LERGTHTable 3).

=
=
=
o
pEL

v.n &

A EAFLE HCWsE Ao &2 AA|3H Joshi et
al.(2006)2] AFol A TSTE ©]-&3t%S 749 LTBI
oWe o W 54%(33-77%)Joshi et al, 2006) TB
ghatel A o7 &3 HCWs 35783 19| &
2 HCWs 47942 tjAre 2 A XS Lee et al.(2010)
o) ¢lol A TB A4} MO Mg HOWsS]
LTBI $H2-2 42.9%(TST)S} 40.0%(QFT IT), 1657
o] HCWsE Aoz  IGRAQFT-IT)E o]&3t
Adachi et al.(2013)9] <TtoA] LTIBI GHELS
10.9%(cut off, 0.35 IU/mL)2} 23.0%(cut off, 0.10
IU/mL), A& 2 HALA HCWs 38732 tjAtoz 4
Al3t Gran et al.(2013)Q] HAof|A LTBI §HE&2
3.4%(QFT IT)2} 4.7%(TST and QFT-IT), &JA} 1527
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PSAE 34178S o2 AAEE Jo et al.(2013)
Aol Al LTBI #1882 IGRAQFT-IT)S ©]&
R BT 2AE 29.7%2F ZFSAF 14.4% % LFERSL
- T 2013W5E 20161 71X] 2] AR R Aok
A8 AhR 20179 24 71, AP E AN wEH
om7|HE WO R oF TB HofzatolA] 2| mekx}
" HdolA Heoew wAE TB A2 TB
ZAt A 7|20l He bk AEAHE AN 7]
ob A3 TB gHAE= A4 TB 2xhet Auls
o

8

ngolw

o o

=g

= of Lok

2ol I3t ARholAel LTBI RS
32.8-39.8%% YEFFTHKCDC, 2017). wleba] o]H
Ao A LTBI §-H&2 HCWsE o= HAR
ol Aol Hlsl AiF oz =4 yUEhd, o=
718 g e® AAIRE TB ostAal Aol {4
gt Auts Hol7] wiizel AP a7 H SARFlA
o] LTBI &2 vl & 4 Stk

LTBI 82219 ZL 1527 9] HCWsE Aoz
ALA)EE Jo et al.(2013)9] Aol A QFT- IT2 At
Al 30T 2.58[(95% CI 1.4-4.4, p=0.001) L& 31 404]
o)Ak 5.8u}j(95% CI 2.8- 11.9, p<0.001), TB & H
Aol 53 o] 9l HCWso|A] 2.4181(95% CI
1.1-5.3, p=0.029), 165 2] HCWsE tjAlo =z AlA]
3+ Adachi et al.(2013)9] o)A TB dR}} & =3
HCWs9] 79 3.44[(95% CI 1.1-10.0, p=0.034), 37§
B 27 94 HAM HCWs 3879 thide s A4
gl Gran et al.(2013)2] AtolA] TB WHg&o] w2
=7} &A1 HCWsQ] 7 14.18](95% CI 1.4-145.4,
p=0.026) LTBI $]3l/do] S715t= A= Yebal,
821 o] HCWsE tjAlre & A A|St Jong et al.(2010)
o] AtolA TB & FA oA e ZF7|ZHOR, 1.0;
95% CI, 1.0-1.1; p=0.031)7te] LTBI {dQlo=z
e,

ol Ao Me T3] AHREA AT ~J(male; OR,
23; 95% CI, 1.5-3.8; p<0.001). A (over 40 years;
OR, 4.9; 95% CI, 2.9-8.2; p<0.001) &< (former
and current smoking; OR, 2.0; 95% CI, 1.2-3.4,
p=0.007), A 7+ 9 2gF R4S TB U o
E(OR, 2.3; 95% CI, 1.1-4.6; p=0.024), +F7]7HOR,
2.1; 95% CI, 1.3-3.4; p=0.002), A= AEQ%7|H
<5 oJE(OR, 4.5; 95% CI, 1.6-12.6; p=0.004)°] 4]
LTBI $j¥4o] S7lst= 2oz yepytth shxut
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A= FARRFOI A 3.68[(95% CI 1.3-10.3, p=0.017)
LTBI $@4o] Z7kels Ao el we
AR RGP FAANA AW AELYT 2%
ol57} LTBI 919 29102 Ueh} AR 27| % 5
A5 AELP7) P FAE e LTBI %
A7k B asin g,

E3k oA FARO] LTBI 988 as
A FARRpel] 18] £ 9ETH39.7% vs 23.2%). B ARE
A FAAES) B AP AR FAAS 1)
3 Wx]uk39.9 + 10.3 vs 472 + 9.14]) A5 AEQ
PP TF AFo] ARTEACIA Hl8] £L(38.5%
vs 68%) A0 Ueheth S7bAsEre A o] uh
szol SlgEs HHRRA FARE 23] gue
ATMTB =% 74 TB uhg A it &}
Hejsto] o|m|ke] Ao] AA| o R AR, 7]
A MG A otk ShAYE A 2.9 9e] 7
AaEA Bk ol uAREA FAK BEo|
LTBI 9 &0] 7] t£o] o] 52 faens =
A% % 2704 zixle] Pasithn ek,

ok
Mo
BN

1o 4

ot > o oy ln

v.d E

AR B FAAEE 9% 9 COPD 8
S Qe MTB 7449] 9184el o] i, 1
R0 s HAREA FAR] LTBI 59&o]
7] ujRo] AHRAPI|T FAA HAZ o
TBLTBI o] BRsly, ojz7|eae] &z
= gejais] sl A Hrhs o5 WYe Bel s
sl 2REA T AddAe] el @ TBLTBI
o] i3t 25 slol=ael e Ak Aol Bas
tha s,
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