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Background: We evaluated the prevalence and risk factors associated with latent tuberculosis
infections (LTBIs) among healthcare workers (HCWs) working in non-TB departments in a
tertiary referral hospital.

Methods: This study was carried out at Severance Hospital, a tertiary hospital in South Korea
with 2442 beds. The study subjects were 2228 HCWs who did not have any previous screening
records of tuberculin skin tests (TSTs) and interferon-gamma release assays (IGRAs) or histo-
ries of tuberculosis. The LTBI screening was performed using both TST and IGRA from May
to August 2017. Among the participants, we excluded four whose IGRA results were indeter-
minate, three with only TST, and 35 who had only IGRA. The prevalence of LTBI and related
risk factors for LTBI were analyzed.

Results: The mean age of the participants was 41.3 years. Females comprised 66.2% of the
sample. The positive proportions of TST (=10 mm) and IGRA were 35.2% (770/2186) and
29.0% (637/2186), respectively. Among the 2186 participants, 18.8% showed positive results
for both TST and IGRA, and the agreement of the two tests was low (kappa=0.390). The
frequencies of TST and IGRA positivity increased with age. Multiple regression analysis indi-
cated age and spontaneously healed TB lesions on chest X-ray were associated with positive
Received May 12, 2020 TST and IGRA results.

Revised June 6, 2020 Conclusion: Based on TST and IGRA in a tertiary referral hospital, the prevalence of LTBI
Accepted June 8, 2020 among HCWs not involved in the care of patients with TB was considerable. Although age and
spontaneously healed TB lesions on chest X-ray were the related factors for the positivity of
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Severance hospital HCWs
without preveious TST or IGRA results (2005.1-2017.4)
N=2,881

TST or IGRA during 2017.5-2017.8
N=2,228

Exclusion : N=653
1. TST or IGRA test history the outside or
Past TB history
2. Disagreement

TST and IGRA
N=2.186

Exclusion
1. Indeterminate IGRA N=4
2.0nly TST N=3
3.0Only IGRA N =35

Fig. 1. Flowchart of the study
HCWs.

Abbreviations: HCWs, health care
workers; TST, tuberculin skin test;
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7} 322%, 10-14 mm7} 4497, 15-19 mm7} 2539, 20-
24 mm7} 59%, 25 mm ©]/Fo] 9go|ArkFig. 2). E3H
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Table 1. Baseline characteristics of study population
Participants (N=2,186)

Age (year), median (range) 41.3 (20-68)
20-29 279 (12.8)
30-39 623 (28.5)
40-49 862 (39.4)
50-59 382 (17.5)
>60 40 (1.8)

Gender; Female 1448 (66.2)

Smoking status
Never smoker 1487 (79.7)
Ex-smoker (quit >1 year) 214 (11.5)
Current smoker 164 (8.8)

Health care professions
Physicians 224 (10.2)
Nurses 638 (29.2)
Ancillary staff 770 (35.2)
Technician Laboratory Rad 147 (6.7)
Administrative 407 (18.6)

Work duration (month), median (IQR) 213.1 (108.0-296.5)
<12 month 189 (8.6)
12-<60 month 277 (12.7)
60-<120 months 151 (6.9)
120-<240 months 522 (23.9)
240-<360 months 852 (39.0)
>-360 months 194 (8.9)

Findings on chest X-ray
No active lung lesion 1757 (98.6)
Previously healed TB 25(1.4)
Active TB 0

Abbreviation: IQR, interquartile range.
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Fig. 2. TST results distribution.
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Fig. 3. Distribution of TST positive and IGRA positive according
to age.
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Table 2. Agreement between TST and IGRA results
IGRA

TST>10 mm Total
Negative Positive
Negative 1,190 (54.4%) 226 (10.3%) 1,416 (64.8%)
Positive 359 (16.4%) 411 (18.8%) 770 (35.2%)
Total 1,549 (70.9%) 637 (29.1%) 2,186 (100.0%)

Kappa value=0.390 (P<.001).
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CI 2.433-23.725, P<.001)& IGRA ¥4 %7l =
ot 283 S FAA EGoA A AR 2 &3
°] OR 5.166%(95% CI 1.953-13.667, P<0.001) &&2
3 749 9¥o] =L Ao Ve, FAAEL H]
o QAL AR} TAMAAL 9 A A EEE I
A9 Ado] F¥HTable 3).

Discussion
9 AL, F HARS LA

B AP A 2,000 o4 33 o=71% FA
28§44 Azl A7 FoldhA) g FAREL

=2 9d S
£ 243

2 A3 ZEZAY FHES TST ¢4 Z2H=2(=10
mm) 35.2% (770/2,186), IGRA ¥4 ZAIZ 29.0%
(637/2,186)01%tt. =4 IxH A+ F T¥ 977
T SAAS IGRA 82 242 9.8% (138/1,407) [16],
16% (271/1,655) (17101943, t7|& A} & 7H5ALS]
FEAY FHE ZAAE TST FA(TST=10 mm) 7]
FO02 36.7% (181/493), IGRA FA 7|&2= 17.2%
(85/493)%1 A7} ITH71.

2 Ao vdf, & A9 TST ¢4 2= =A
AUAGE IGRA ¥4 A= AHFog 9t 7€ A
Tot 2 AFE v, 718 AFE2 AA A
B+ Aol 301 %4H7,16,1710.8 B AT} Fo]E B
o] &0 &= "FZ Aol At AR E A
Toll 28 ALt HE 7FsAdo] 2 FAA 55t
E ISAE2 A7 gio 235]8 f¥EC] A
B7HE QS 7 A Hi A 4= Qi

TST9} IGRA ¥4 Z3k= A®ol 371l wht ot
= 23E Bt EFFQ AL 60t AHA TST &

50

CI: 0.759-7.839, P=0.131). °o]AZ 20169 91173
FERA BEZ S8 29 AAE ALY At 47
ot AL =FFoA TST st ¥ whgo] FE3]
dojupA] 2 A} o] Yoty FAHBIATHO]. =2
195095 BCG HEZ =71 Y= Als}oq[18],
19604 o]# ] glojd AFtE2 BCG &< w2 A+7}
A A% ACE FHEH 7oA BCG HEel 9
e AL GOl Aol TST &0l A2AE 7Fei=
1T 4 AAT GOA o1 d AT} 1.8% (40/2,186)%
2ES U714 F871 9lo] Bl

A, AEA FdS Adst7] oA = TSTS IGRA
£ AHEStaL QAR o] T AAF AR A& 71E9
B} AtollA ohpdt datE BarE a3 9lrH13,14,19,201.
2 AFoA= F A SA L 18.8%01901, F A
ARl A= AREHATHK=0.390). F AAMY] A&
of gk x7hd A+ AIoA, T B¢ 11.0% [7], =
BEZAL 30.4% [13], =2 14.1% [14] ¢X4 23-&
o] Hx ¥ vt vk I 3% A Al TNBARE HiA
o2 3k TSTE IGRA BAF Ao, F HA A 4
&& 11.2%°01313, A= JA| AZ5FAA|THc=0.151
[95% confidence interval, 0.047-0.245]), BCG JZ
9] AZo| ERIEA] F2 g2 ALsta AE A&
A A T HA Y] A E= F7FoF RS2 (=0.462 [95%
confidence interval, 0.007-0.917]) E.115}3cH19]. &
A= BCG HEES ZAHA] Zot9AT TST dA48E
o] IGRA ¥HE&RT =2 AFE B3N, IA 23] ol
BCG HE3HAY 1A4] o]0 BCG HE Aol TST
9] YF/g&o] Aol =2 AR dEA JoB=E[10],
BCG HFol o TST A¥A 7HFsAe L3 ed 4 At

E A A TST ¥47 IGRA FAoll BF G )4
8912 A} FH A EGolA A A5H 2
0 2 YeEHTh Yeon 59 A2 Lee 59 A-ollA

o] Z71d4E JEZY 7o) TS VA= 8%
dAot= AAE HAUTHI6,171 S, 27 7]
EA0)A TST ¥4 IGRA ¥l 244t 4
o7 "oy o £4 Al IS 1|X]
A A= ol AR 7 7172 dAF
517] wlZof] ohE A 0A 93 fERIAE
A%= 7FsAol k. o 24 A Z|EoA

—_

AN B R o e
FIO olN

oOlA

TS flo 4> ot
4N o B2

fr

sy o

(&
i

&

=

jag)

ir-)

|
X

s fo rfr
S

=

www.kjicp.org



o SA

Ol=7

F

5
2!

0|8

=
=

TST2HIGRA

6StT  SE6° 91T (6% 6T (€9 ey 60S°€  LYET  vLI'T  (9°9) 0¥ Loie smI[[ow sajqeI(]
¥8LT  v0S'T  9%0T (S¥1) 98 (L'L) 86 ovbec  €LT1 8Ll (0€D T6 (6'L) 6 uorsuajadAy
moﬁﬁﬁ_n_.sEOU
Yhy'€  T08T  T99T  0€€6  LTvE  SS9S  (b¥I)T6 (99) 201 8T S09° LITT 09Tt  #89'T  6L9CT  (86)SL (¥'8) 611 spuow ()9¢-<
1S8°C  S6L°  90ST 6799 TLLT L8TY (€¥S)9pE  (LTE) 90S 9€9'C  66L° ISP'T 981°S  06£TC 0Ts’e (T0S)98E  (67T€) 99% syuow )9¢>-0tC
981 11S°  9L6 €99'C  TSO'T  $L91 (LD oIl (992 TiY LI€T T S8TT  seLe 991 gevT (I'sv) g6l (TED) 6T€ SYUOW(HZ>-0T |
L61'T  ¥9% 0101  8STT  S8Y vre1r (6'¢) ST (1'8)9T1 TworT 1y 6C8 IvTT  06L ocer  (Lv)og (1'8) ST1 sypuow O[> -09
TL0T LYY 296 90L'1T €8S L66 09)8¢  (+'SI) 65T 61LT 61 6v8 T 08t 18L° @9 ey (91 peT sypuow )9>-¢ [
I I vz (s0D €91 I I v)oe (801 €SI syjuow 71>
900'T  S00'T  S00'T 8TST 9LLT Y00'T  €00'T  +00'T L'EET 181 (ueow) syyuow ‘uonEINp SUBHOM
I T (o) s6l  (L€D)TIT I T (g€ €81 (851 vTe QATRISIUIWPY
666" 1€ 959’ €E9v  ¥89CT 9tse (L) ey (€9) 86 G881 LTS8 YTl SEI'T  08TT €591 (9'8) 99 Ls)ig pey Alojeroqe UBIOIUYIR],
€0l ¥SST LSL 6€8'C  tveTl  LI16'T (TI9 661 (699 ILS 9LL'T  8¥6° L6TT  ¥LET  SPI'T  6¥91  (9°67)8TT  (€8€) THS Jyes Areqrouy
L68  LEY 9Ty 180C  +€0'T  L9Y'T (LoD zer  (L'TE) 90 LY1'T €901 TISTT 9091 0S8 691’ (Lo 11T (T09) LTy SOsINN
688" SSE¢ 19§ 9IL’T  0b0'T  9¢€T (L6 79  ($01) 291 Y95 T SY9 Y001 L90'T  6LY 158 (9oDze (00D Trl sueroIsAyJ
mmowmmomo.n& 2Ied ﬂﬁmom
€8 18TT 91z (08€)89 (190 T§ vh9T 668 ws'T (€v9) 1L (L8 6¥ SI-<
850°¢  8I8" 18s'T (9s1)8z  (I'SD)og 00€y  601'T  ¥81'C (88D 6t  (I'TD 61 SI>-01
Y0S'T 808 'l (€90 Ly (1'87) 9S VLT 9LS 00’1 (T¥2) 0s  (0°1€) €S 01>-¢
I (roo9c (L0919 I L (T os [
€S0'T 8001  0£0°1 6Tl 101 9%0'T 1001 €201 LTl €01 ugaw ‘(s1ea4-yded) junowre Sunjowry
ST 0S6°  S6b T 0€SE  LE8T  9pST  (L'E€D I8 ($'9) €8 S1TT  LOG LIF'T  6EL€  Ov6'l  €69CT (H€D)S6 (0'9) 69 JI3youws JudLIN)
LL9T TTL  00T'T  TS6'T  9¥9'T  +0TT (9°91) 86 (16) 911 (452 S L96" 898°C 6091 8¥I'c (8sDTIl  ($°6) 20T (1824 1< 3mb) 1o30ws-xg
I I (L69)Tiy  (F+8) SLO'T I I (8°0L)€0S (T'$8)+86 I3OWS TOAON
snje)s Sunjowg
L99ET €S6'T  99T'S  €pSLT L9LT 8969 (€€ 61 (509 019  TZI'T  €oLT 1118  vev' 1  18r'c  (STOLI L0)8 €L pareay K[snoradid
I I (L96)6vs  (S66) 80T°T I I (SL6)999 (€£66) 160°1 UOIS[ uny dALE ON
Ke1-¥ 1s949 uo sSuIpul,|
Y'Y  Lb6  vL6'T  88FF  TITT  ceer (098I D61 €8S TLTT  €TLT 6Ty ¥89'T  689T  (I'©)Te (TD st 6'67<
el ¥9L  TIOT 800C  LbTT  €8ST  (0vD vl (€91) ¥TT WS 868 9LT'T  SEE€T  6L6 TIST WrosLt (s €61 6'62-ST
TLTT 98¢ TOL veL T LTy 82 L1 (1) 86 €09°T  SIY €66° S8v'6 S66T  6ver  (0) 6T (8'9) 98 $'8I<
I T (roo)ozy (TSL) ¥€0°T I T ($89)16v (9°9L) €96 6'vC-S'81
(/3 xapur ssew Kpog
696’1 $06°  PECT  T8TT  6SST 9881 (I'vb) 18T (S'6T) LS 86€°€  66ST  1€€T  S0ET  L6ST 6161 (bep) pee  (S°8T) #0b dJeu “IOpUAD
STL'ET €€¥'T  L6S'L  9¥€9T 6TLS  98TTI  (I'€) 0T (€1Dot 6€8°L  6SL 65V’ 8€T8 YS9l 169€  (S0) 1T (€1 6T 19<
PrO'ST T19C  16€9  9¢4°0T TOL'L  9%STl (£09) €61 (TTI) 681 ¥69'ST  TO8'T  1€99  +6091 €£59  +ST01  (06) 961  (S°8) 981 65-0S
8T0°0T 6181 TLTY  T€8°01 #9TF 96L°9 (T8F) LOE (8°S€E) SSS €0L'TT 98Y'T  619°S  LPI'TT 6SLY  €8TL (691 69¢ (9°T0) €6v 610t
YEI'S  0€6°  S8T'CT  TL9¢  +9¢T  8¢TT (I'sD96  (0%€) LTS 0£0'8  009'T S8S'€ €8S TIgT ¢€65¢  (L'L)8IT (807 Sst 6€-0€
I T (€91 (91 sst I T (@D (911 ¢€sT 62-0T
YOI'T  8LOT 1601 Ty €6¢ YLO'T  €S0°'T €901 LY S'6€ ueaw ‘(1eaK) 93y
1D%S56 R:(0) 1D%S56 a0 L£9=U 6bS‘1=u 12%S6 :(0) 1D%56 a0 0LL=U 9t [=Uu
QJBLIBATI[NIA QJBLIBATU[) RIIEOd| aANESON QJBLIBATI[NIA QJBLIBATU[) SRl oANESON
V01 LSL

NSa1 D] danisod & pue nsar IS, 9ANISod & [)Im PajeoIosse s1010e,] 'S 8|qe|

—
Ve

https://doi.org/10.14192/kjicp.2020.25.1.46



£ TST ¢4l G nlA= HeE TS A 5o §
15}99tHOR=1.511, 95% CIL: 1.063-2.147, P=0.018).
S APE SR} 71 BIMsHA &) HEd
ot 5HH IGRA ¥4l 932 nXE AF
A A PP vlof JrRES] FEZ
Ado] o =}ouh, tpiF B4 Al 94} 1S
APRAL D QA B AR AR Hls) FEE
Ago] X2 A0 Lee 5o AT LA 5=
ArH16]. FHAEL v J=2HE2 #HA
4 A AW £ 59 71307 wot el o
AR 7T A& Ao 2 AR H
ATE Bl 32 ¥ d=I)FH TAA F
Az A4 FolstA] g SAAEY 54
HES foota, FEAY Ay " 94
Ak TSTo| ¥]3] IGRAS] B4 W&
A9 Ak AAR d5 APt = FA01X
AF 7] DA =] A7 Qs SISt AA
1o 2w, 13] A8 FAAF A] TST t4] IGRA
HA = FA AA] fEEC] Yo FEA
57t A% 87|H AR 7 ol A
Wk otk obd] HARY §-84d¢l dish 714l &
77+ 2 a3hs AFStScH211.

A9 ARt o7 didA7} A Fa Aol HFEH o
A4 " 7Aetsto] AgArete] o] HIMgh
Aol gk IEFH HAF s Fdoto] 7t
& 497}k

=2

mO
ol
b

[©]

—_

[o »
r\l

1% rlo
U rlo
=2 ol

oo
e g

_>|~_,
©

o%

T

N

d
o

JL=

bl w2
HEE
m.{)l.hlm
L Ho 1 Lo
N

ik
e g

rr

& o

i

oy
19 g
ﬂlﬁﬂqo—ﬁi

4> o

4
i
<

o,

|0

I = A
O

o o el

o

P}

2oy > odn

i

References

. World Health Organization. Global tuberculosis report
2013. Geneva; World Health Organization, 2013.

World Health Organization. Global tuberculosis report
2018. Geneva; World Health Organization, 2018.

Cho KS. Tuberculosis control in the Republic of Korea.
Health Soc Welf Rev 2017;37:179-212.

Jensen PA, Lambert LA, lademarco MF, Ridzon R; CDC.
Guidelines for preventing the transmission of Mycobac-
terium tuberculosis in health-care settings, 2005. MMWR
Recomm Rep 2005;54(RR-17):1-141.

Kiazyk S and Ball TB. Latent tuberculosis infection: an
overview. Can Commun Dis Rep 2017;43:62-6.

Oh KH. 7th Korea National Health and Nutrition Exami-
nation Survey Ist year(2016) tuberculin survey support
and quality control. Cheongju; Korea Centers for Disease
Control and Prevention, 2017.

Jo KW, Hong Y, Park JS, Bae IG, Eom JS, Lee SR, et al.

52

10.

11.

12.

13.

14.

15.

16.

17.

18.

Prevalence of latent tuberculosis infection among health
care workers in South Korea: a multicenter study. Tuberc
Respir Dis (Seoul) 2013;75:18-24.

. Han S, Lee S, Park M; KCDC. Tuberculosis epidemic

investigations in congregate settings, 2016.

. Joint Committee for the Revision of Korean Guidelines

for Tuberculosis; Korea Centers for Disease Control and
Prevention. Korean guidelines for tuberculosis. 3rd ed,
Cheongju; Korea Centers for Disease Control and Pre-
vention, 2017:1-232.

Lee KJ, Kang YA, Kim YM, Cho SN, Moon JW, Park
MS, et al. Screening for latent tuberculosis infection in
South Korean healthcare workers using a tuberculin skin
test and whole blood interferon-gamma assay. Scand J
Infect Dis 2010;42:672-8.

Park JS, Lee JS, Kim MY, Lee CH, Yoon HI, Lee SM,
et al. Monthly follow-ups of interferon-y release assays
among health-care workers in contact with patients with
TB. Chest 2012;142:1461-8.

Metcalfe JZ, Cattamanchi A, McCulloch CE, Lew JD, Ha
NP, Graviss EA. Test variability of the QuantiFERON-
TB gold in-tube assay in clinical practice. Am J Respir
Crit Care Med 2013;187:206-11.

Torres Costa J, Sa R, Cardoso MJ, Silva R, Ferreira J,
Ribeiro C, et al. Tuberculosis screening in Portuguese
healthcare workers using the tuberculin skin test and the
interferon-gamma release assay. Eur Respir J 2009;34:
1423-8.

He G, Li Y, Zhao F, Wang L, Cheng S, Guo H, et al. The
prevalence and incidence of latent tuberculosis infection
and its associated factors among village doctors in China.
PLoS One 2015;10:e0124097.

Landis JR and Koch GG. An application of hierarchical
kappa-type statistics in the assessment of majority agree-
ment among multiple observers. Biometrics 1977;33:363-
74.

Lee SH, Lee YL, Kim YC, Kim EJ, Heo JY, Choi YH.
Prevalence and risk factors of latent tuberculosis infec-
tion among healthcare workers. Korean J Healthc Assoc
Infect Control Prev 2019;24:52-9.

Yeon JH, Seong H, Hur H, Park Y, Kim YA, Park YS,
et al. Prevalence and risk factors of latent tuberculosis
among Korean healthcare workers using whole-blood
interferon-y release assay. Sci Rep 2018;8:10113.

Korea Centers for Disease Control and Prevention. Epi-
demiology and prevention of vaccine preventable diseas-
es. 5th ed, Cheongju; Korea Centers for Disease Control
and Prevention, 2017:105-7.

. Lee K, Han MK, Choi HR, Choi CM, Oh YM, Lee SD,

et al. Annual incidence of latent tuberculosis infection
among newly employed nurses at a tertiary care universi-
ty hospital. Infect Control Hosp Epidemiol 2009;30:1218-
22.

www.kjicp.org



TST2tIGRAE 0188t ¢

=72 A HE 2 g

20. Hung WT, Lee SS, Sy CL, Wu KS, Chen JK, Tsai HC,
et al. Prevalence of latent tuberculosis infection in BCG-
vaccinated healthcare workers by using an interferon-
gamma release assay and the tuberculin skin test in an
intermediate tuberculosis burden country. J Microbiol

https://doi.org/10.14192/kjicp.2020.25.1.46

21.

Immunol Infect 2015;48:147-52.

Zwerling A, van den Hof S, Scholten J, Cobelens F, Men-
zies D, Pai M. Interferon-gamma release assays for tu-
berculosis screening of healthcare workers: a systematic
review. Thorax 2012;67:62-70.

53





