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ARTICLE INFO ABSTRACT

Received lSeptember 5, 2020 This study investigates the association of the AFB stain with the cycle threshold (Cy) value of the
Revised 1" September 18, 2020 Cobas TagMan MTB test (CTM test, Roche Diagnostics, Basel, Switzerland), and it establishes the
Revised Z,d September 24, 2020 base data for semi—quantitative identification of M. tuberculosis by the C; value. CTM test were
Revised 3™ September 27, 2020 . ) ) )

Revised 4™ September 28, 2020 simultaneously conducted on 8,389 specimens submitted to the Samsung Medical Center from
Accepted September 29, 2020 January 2015 to December 2015, and the results were analyzed and compared retrospectively

investigates the association of the AFB stain with the C; value of the CTM test, and it establishes the
base data for semi—quantitative identification of M. tuberculosis by the C; value. The C; values for 135

positive specimens of the CTM were inversely correlated with the AFB stain (rs=—0.545, £<0.01).

Key words When the C: value of the CTM test and the time to positivity (TTP) of the mycobacteria cultures were
Cycle threshold value verified based on the AFB stain, they were found to have a positive correlation (rs=0.136, £<0.01).
Mycobacterium tuberculosis The negative correlation between the CTM test and the AFB stain grade was demonstrated. The
Real-time PCR

clinical significance was verified by applying these criteria to the clinical results. The semi-
quantitative criteria of this study can be used to facilitate the rapid isolation of patients with active
tuberculosis and infection control in the hospital.
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HetoA= 22 off 29 7rAAF 40,84778(80.2/100,000
oz AAFZ /N7 74 Organization for Economic Cor-
poration and Development, OECD) &= & 7 =2 2
S Y ES Holal QIoH2]. oA Adlet a1 E 2ls]
A= 2710 FHET HEolA daldt-2 SRlstal 7] of k4t
£ Z]ofok oh, iRl Y A 0 & Zrho] o] H9r
HUH3]. it T AAR] W= vt Bl st
25~80%= R Ho|u ska o 2 Q3 HYelo
AZ Al HES 4= = ARo] 9o 4] E5%
A9 30~50%%10] Y] S Holw, vIZ=r}
THETEofu e} v A Pt g o E HarE 4= Q)
o] it U] B = 3 ARl oF 10%71
FAktoltal defA TH5].

Ao HiFHARE Ao S1lsh] 9
AR Ao 1, 579N 3 28
=AY FAHAf gt ARSI BARE Al
Ao o) Eg= & o U= 0] A
Ho]l A Aol Aw, AARRLY] 1S9}
7Jo] BRIt edo] Ut vk w9 22 5=0] A
T e TRETF =2 HHoltHoL

At IASFAA = 2T EX5k= HAHDNAYS
e aAA(polymerase chain reaction, PCR)& ©|
B3to] kS SESto] ERIT = U= EAMEESH] AAle ot
[1]. SAFSZHPH(nucleic acid amplification test, NAAT)
2 50]%0} A All&EC] oA At =T YA MTB=
SRISk=T] o] HH7TI

F|Zoll= MTBY] g4l a4F SE&-Z o] 8tt thE HH o
2 X7 S EAAHRES(real-time polymerase chain
reaction, real-time PCR)& AF&3HHS]. Real-time PCR
SEZAA} FGAFZE probeE FEA17]3L thermal cyclers
Ulollx] 8415 Z7ck= "Rolth detd o= TIRtE 71~
98%, 5°1%= 100% J== HAUEARHI], M =s Aot 5
L7b det vl I Aot w7t GASHA] o A
HAI A= 271 HAIW Ale-2] DNA ol whet ke 2
UH10l. BT 11 FE oFETt ofet dde] &
(mycobacterial load)2 TR}sl= o] 2] HZ-E Hr}
shal 2| =3HYS HYER k=Tl $a51H11, 121.

Cobas® TagMan”™ MTB (CTM):= Adigo] £ S5kS:
gRRIsk] 91t AP O R ATk 11 IPPofA TEgt = Q=
AAEH  cycle threshold, C) 71&2.& A2 YHmyco-
bacterial load)& 735l= A= AlB=A] ik
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wha] 2 AtofA= FRERE 2JFHT 7HEES - A
gJsto] Akt =LA AN acid fast bacillus stain, AFB stain)
QF AT SFE 4 AHES(real-time PCR) C, e AzF
A AdS Sk, Ao AES A AR S &
AE Z7gstal 1ol w2 CTME] C, 343} AFB stain 6 5= 71
£0 2 WPgeFAQl Zetke] wetof £3-g 1A} 51t

Mz 2 U

1. AAHH

28 AF vigk HARF AXRE FFHEAAEES: Cobas”®
TaqMan® MTB (CTM; Roche Diagnostics, Basel, Switzer
land)E 3314 1ggsto] o] HE TAE S, At &
2 AARECTM 31e] A o= vhgF 7122 ottt

WP 7152 2015 AHdAZ 8 olA Hars g A
13571& o= ikt T8 A2 CTM] A<
A Ao 2 38738 SRl

2= A HAl= N-acetyl-L-cysteine-NaOH (NALC-
NAOH) #P#= ol-&sl0] -85}, R AA|AI}AE X138 £ 3,000
GE 2087t ¢4l E2ste] 553180t 555 JAe it
T HA S Ao vl HAL AR SR AR HA
of| ARgstRTt. Akt = HAR= 39X (fluorochrome
stain) O = /g AL Ziehl-Neelsen FHHE 215}
At Pkt = A A= ATS/CDC guidelines 71500l
w2t negative, trace W YL 1+0A 4+7HK] F-ES= 6
grade 71&0 2 TSIt Table 1) [13].

3.

my
_|0Il
Ell

HHS ZHAL

iTh)

St v HARS AR HiFe R 3% Ogawa HiA|
(Asan Pharmaceutical Co., Seoul, Korea)2} NAH{A] vk
9O Bactec MGIT (Mycobacterium Growth Indicator
Tube) 960 system (Becton Dickinson Diagnostic Instrument
Systems, Sparks, MD, USA)& o8-t Z|ofj 6557}4] vijefo}
Ak

Hj g of| A 2}t w54= Genedia MTB/NTM detection
kit (Green Cross Medical Science Co., Yongin, Korea) 2
7} v]HE ARE(nontuberculous mycobacteria, NTM)
o7 717} eRIsIT.



Table 1. AFB smear staining standards according to CDC guidelines
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Ziehl-Neelsen stain
smear result
(Number of AFB observed at 1000x magnification)

(Number of AFB observed at 450x magnification)

Fluorochrome stain

Smear
smear result

interpretation

4+ (>9/field)
3+ (1~9/field)
2+ (1~9/10 fields)
2+ (1~9/10 fields)
+/— (1~2/300 fields)

4+ (>36/1field)

3+ (4~36/1field)
2+ (4~36/10 fields)
2+ (2~18/50 fields)
+/— (1~2/70 fields)

Strongly positive
Strongly positive
Moderately positive
Moderately positive
Weakly positive

No AFB seen No AFB seen Negative
Abbreviation: AFB, acid-fast bacillus.
Table 2. Comparison of Cobas MTB test semi—quantitative ranges and AFB smear results for pelleted samples
Cobas MTB test AFB stain smear grade
(MTB C ) Total
t fange Negative Trace 1+ 2+ 3+ 4+
Low (40<Ct<47) % 66.7 29.2 2.1 2.1 0 0 100
N 32 14 1 1 0 0 48
Medium (35<Ct<40) % 18 39.3 24.6 13.1 3.3 1.6 100
N 11 24 15 8 2 1 61
High (Ct<34) % 3.8 15.4 15.4 19.2 7.7 38.5 100
N 1 4 4 5 2 10 26
Abbreviations: AFB, acid-fast bacillus; MTB, Mycobacterium tuberculosis; Ci, threshold value.
4. MAIZHSBIEA QIS 6. ot ol S0 M2 HrEZs Y 7|1%
ikt EUEA L HF FAR S E2 FARE CTME o185t Aol ¥ 278 Foto] ZH Aol it HE TAE S
of LS =& S A T Cobas® TagMan® 48 QIstal ikt = EHAR] HE 7hse CTMJ Cate=

analyzer (Roche Diagnostic)E o]-&slo] A|ZARS] Z|& |
w2t $a851ecE A Avk= Ui Axe] E(internal
quality control, IQC)8] FAHEZEZC] CAT H| W<
71 oJ519] k& 44, L o] CakRl % invalid= ©sH
1, F3 S5 o] gl A 240 E wsiginh

5. Zalid ZAILE| TE Mz

AH HA oA ikt = E AL gradeo] tisf o1&
Qh CTMQ] Ct ZHa HAufoRe A|35}0] Alto] ok 245}
32} 51t Bactec MGIT 960 system ©|-8st] M
tuberculosis H37RvE HAHERA]O] 100 ul& E5-5t0] viF
A7) Z gkl Aol A ke 10° CFU /mLe) 713
o2 10uf8H 5o sl 1x10', 1x10% 1x10°,
1x10", 1x10°2} 1 x 10° CFU/mLE %35t 6A12] Al 3]
A WS FH[oto] ikt =T HARE ZH A 103] AAlst,
HA| vt CTMS TAE 33E Ald¥sto] /3 vieFAZa
CtakS &1 shoint. ZH HAPE S8AIA= 50% oV AES
Ao cut-offE A-831ch

o g 57

SRR 1HY 7|22 A1t TA7)&0] wet & o]
A 298 CTM 9 2419 ot it =R arade

1. BETRE W siAsi0] gitE £

M. tuberculosis H37Rv (CFU/mL)E 622 3|45}
Al 24k At EEEARIA ZF HAE 10314 Al98eE k=
1x10%04 10/10 (100%); 1x10°°14 10/10 (100%);
1x10%1A 7/10 (70%); 1x10°14 3/10 (30%); 1x10%°]
A 0/10 (0%): 1x10'14 0/10 (0%°Z HE=Ach
Cut-off5 AP ¢J5t 71&02 AL 4 71534
50%S 223192 W Ak TR Adige] HAdEs
%7} 1,000~10,000 CFU/mLolA HEELS RIskict
(Table 2, Figure 1).
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Detection | 7
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Stock H37Rv CFU

Figure 1. Mycobacterial load determination using AFB stain.
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Figure 2. Automated liquid culture (using BACTEC MGIT 960) time
to positivity.

2. BEAFE HAE 3|Ao0] RIS 2A ALt

M tuberculosis H37Rv (CFU/mL)E 62AZ 3]45}0]
A uA]of] ZF2t 3314wt Allet B L5 HIFE| R o,
B oo 2898 1x10%]4 4.8Y, 1x10°°14 5.7¢,
1x10%74 7.8%, 1x10°014] 11.1%, 1x10%04] 13.6%,
1x10'014 16.199) 2= At 7 e 5%9 10
CFU/mLelA BiR S g1 2 & w7 10 CFU/mL
ofsiollA] vioRE 4= A ERIsIAHFigure 2).

3. EETFE HAE 5|4510{ Real-time PCR &4 21}
M. tuberculosis H37Rv (CFU/mL)E 694 3)43t Al
HS CTM test= TAE 2+ 334 ZIgPs3i o, H= HAR=
QRS Q1511 10 WE Ct FHcycles)S] B 1x10°
oA 31.4, 1x10°014 34.4, 1x 104 38.2, 1x10°l|A]
40.4, 1x 10714 44.3, 1 x 10"l A= AZER] Lokt £
71& SRS BAIS] Ao G Gy 715 25~45 cycles
710 = H|W S W 23] 57t =25 Cigle] ¥
S ZRI5I.eH, CTMe] A& 34 5%+= 100 CFU/mL 9=
glelstiriFigure 3).
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Figure 3. PCR (COBAS MTB test) changes in cycle threshold (Ct).

o T AR A
< SHAIX7F 1,000~10,000 CFU/mLE &R151% a7, Al
A] HjgH-E 10 CFU/mL °fsoll A 71s31al, CTM test=
10~100 CFU/mLe] AETHAIE ER1skT

Low, medium, high®] A7o] thet 7|2 ikt =84
AF] At FJL wiel CTM test 27 5LUg 7|02
100% YAI5H= T4 5521 110" B122] Cigh <34f ti3]
AE “high”, 30% Q1 1x10°%5=2] Ct gt 40.1 o
“low”, 30~70% Z7F 3kl 1 x 10*~>0]| sjdohe C ke 35~
4022 “medium’ C.2 AY5tH K Figure 4).

20159 147t A8 A28l 2= CTM] 4 A
13570 gt Akt = GM A3k= ATS/CDC guidelines
7|520]| w}e} negative, trace & positives= 1+0f|4] 44714 7+
=5l+= 6 grade 712 & TFSHITE AA, low 40~47 Ctgk
71%0] gols PAF TUHAL gradeS — (66.7%), +
(29.2%), 1+ (2.1%), 2+ (2.1%)9] 2325 H3Itk 4, medium
35~40 Ct#t 7120 sfdsk= AFB grade> — (18.0%), +
(39.3%), 1+ (24.6%), 2+ (13.1%), 3+ (3.3%), 4+ (1.6%)2] &
EE RHATE AR, high <34 C, gk 7|50l slidol= Tkt =
WAL grade — (3.8%), + (15.4%), 1+ (15.4%), 2+(19.2%),
3+ (7.7%), 4+ (38.5%)2] 25 LJEFUTE.
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171 O !
of 2 Aot AEsh= IS THE, Sol®rh ot de

A2 AR RS o] G2 AT ASITHS Hol
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g
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1 X 10¢ 1 X 108 1X 100 1x10° 1% 10 1x 10! Figure 4. Setting the semi—quantitative
Stock H37Rv CFU (CFU/mL)  criteria for diagnosis of tuberculosis.

J1Ev Adte] #49] S92 B A=maat
oM SAI=RE Zdo] Hel AR E et S flsiA=
At o] S| Fa3t A=geltH9, 14l.

=] A+ 7R Advansure TB/NTM real-time PCR kit
(LG Life Science, Seoul, Korea)ol| thet Ctgta}t Akt =
HAL gradeo] tigh 2] A= —0.635)8 AT A=
T ASIEHSL. & AolA ] 39 At WA= —0.545)=
PCR CycleQ] Sl57} wol 27 =2 3k Yehie, sfd =&
F3A(N=108)Er} P/ A(N=135)7} & B2 oAl 4l
B} =TH8I.
2 AollA AR CTM AAloA 2 deid& A5t
HAFLOIAM oF 10% [20] ARSSILL = AAR = 34
&/ A5 2 Ato]| thet Al dof| thet AP A= BAA|
BAFETRER] Cr #toll thet g4 Ak ISIEH17, 21, 22].
o] Atolliti= ikt EUAAR IFAAP A= 2ol %1
32 SHAIRE PCR AN THE A= X3k A= PCR &
d HAAE 7120 vln BATH A= IS8, 211
£ A A2 3 AR AN QAT v AR
PCRAAVIA] 22 BA= XIg¥sto] A2 A= A= T

bl |

o)

ikt ETHARS] HESHA] 91 5,000~10,000 CFU/mL
£ SHYA A6, 2419t vt A7= 1,000~10,000
CFU/mL9] k& £ Aol gRlstal, T3t HARR 9] A&
2= <10 CFU/mL ofstellA 71s513ial, CTM AARR] H&E
SHAR= 46 CFU/mLe] 1+ Z3H23]0f| B]] 2 Aellx ] A

< = 100 CFU/mLE BISE A3E 2% 5= AU

Bactec 960 MGITE ARt A3} BA| vljF HA] A=
APV A2 40| At S HES S S T e &
QIskal, At 429} TTP= AV 3a2 SRSk

At ol thgh ¥ 02 Cr gk very low 28~38,
low 22~28, medium 16~22, high <16 °oJ5}2] Zto.Z At
Tt =UHAR} B S| 4T grade o] A& e
A AE GeneXpert system (Cepheid, Sunnyvale, CA)9]
=9, 1215 EHE ME-2-74H]|9] i) ofd 7]&o] ARgsH
A AR S SRR 0 = JhEsto] M50 B3 5] {I%
ks HASIGIT

X Aot AES I3 CTM test BAR] Crgkat TART: =
WA= 2] A (r=—0.545)7F o= ERIsH A,
At AEZ R 37 BAMHCE HE T 5 U= THA
ot o, ikt T LA PCRIFS] Hr9] HE7IE0 =
1x10°"%01de] 44 1 high (Ct<34), 1x10°™* medium
(35~40), 1x10'? low (40~47)2 WPgeF=1Ql A2 By
off tiet 712 AIXISFA2H, Gene Xpert system FAPIA]
it EUAAL grade HIE7F =& 7]ECFE very low
(negative 65.0%, scanty 20.6%), low (25.5%, scanty 19.3%),
medium (1+ 21.9%, 2+ 22.7%, 3+ 49.1%), high (3+
90.5%)] B8], & $7-9] PCR B tld ikt =24
Al grades B] P2 low (negative 66.7%, trace 29.2%),
medium (trace 39.3%, 1+ 24.6%), high (trace 15.4, 1+
15.4%, 2+ 19.2%)9] graded £17|52 SRIFE 1 low,

s
AN Al

o}
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