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Comparison of Various Detection Methods of Mycobacterium
Species in Formalin-Fixed Paraffin-Embedded Tissue with
Chronic Granulomatous Inflammation

Hyun Seung Lee - Hyoungnam Lee - Soyoung Im - Yun Su Lee - Kyo Young Lee

Department of Hospital Pathology, The Catholic University of Korea College of Medicine, Seoul, Korea

Background : To determine the most effective method for detecting mycobacteria in forma-
lin-fixed paraffin-embedded (FFPE) tissue, we compared the results of Ziehl-Neelsen stain
(ZNS) and mycobacterial culture with those of polymerase chain reaction (PCR) and real-time
quantitative PCR (RQ-PCR). Methods : We analyzed 54 cases diagnosed as chronic granu-
lomatous inflammation. In all cases, ZNS and nested PCR using three different primers,
1S6110, Mpb64 and 1S6110/Rpog were done. RQ-PCR with the 1S6110/Rpog primer was
done in 51 cases. Results : Mycobacteria were identified by ZNS in 15/54 (27.8%) cases.
RQ-PCR had the highest sensitivity (80.0%) compared to PCR with 1IS6110 (73.3%), Mpb64
(60.0%) and 1S6110/Rpog (73.3%). Specificity was higher in all PCR experiments (79.5-
82.1%) than in RQ-PCR (69.4%) experiments. The false negative rate was lowest for RQ-
PCR (20.0%) than for PCR with 1S6110 (26.7%), Mpb64 (40.0%) and 1S6110/Rpog (26.7%).
The false positive rate was highest for RQ-PCR (30.6%) compared to PCR with IS6110
(20.5%), Mpb64 (17.9%) and 1S6110/Rpog (20.5%). Conclusions : RQ-PCR had the high-
est sensitivity, and the lowest false negative rate, but it also had a higher false positive rate
than PCR for detection of mycobacteria in FFPE tissues.

Key Words : Polymerase chain reaction; Stain; Mycobacterium; Granulomatous disease, chronic
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ikl gk PCR primer2& 1S6110, Mpb64 2 RpoB
S7F FE AHEEI AT, IS61103% Mpb64 F-917F A 3to]
wh EAlgks W, RpoB FIT BT Akt EARIEER ol
el A gt S0 ¢ Slnk o] T IS6110 FHA
9= MTB complex®l &= 52| #5(M. tuberculosis,
M. bovis, M. bovis bacillus Calmotte-Guerin, M, africanum,
M. microt) o] EAehH A& AT F e F&8 54
FAAR 2mkE) o] AgF(10 fg) 9 A0 o Wt vekg
4 Tk AT wd Mpbed FHA FE MTB com-
plex & M. tuberculosis®t M. bovisd| A #2=w, [S6110K.TH
2 S 7RGY B H Y Qo
2 A7 Rt 99 ] Kol d5s FKls] 9l
o WS Yot 7] glste] vHY Kol 5o A
gl Eu] ZA o)A Ziehl-Neelsen GMS Alg)sty A3
F7E GAsgon, P 95 918 MTB-PCR (16
110, Mpb64), MTB/NTM PCR (IS6110/RpoB) ¥ MTB/
NTM RQ-PCR (1S6110/Rpof) & Alsle] A27E vlw 24
3koATh,
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mafEzi Z2oM DNA FE E =
A717F 1.0X1.0 cm oo ¥=29

AE 5% ol A7t A2 A9 10 oS 5-10 umZ ¥

Agk 5 ALgsldth DNAFES QlAamp® DNA Mini Kit

(QIAGEN, Hilden, Germany)E AFEEI9NY, DNA &

Nano dropg ©o]&3te] SAe & ARGsIGIT ojuf A ol|A

F%3 DNA st el et 2oz 9ISt DNA F%

ol3

of>

-0l - 21494 9| 30l

oF 2-5 ugo©] 23, PCRol| AH&-¥l 2% DNAS] %2 100 ng©|

Zeta A AYEHI2(polymerase chain reaction)

2% 24 DNAY AE4 7E glslr] f18l GAPDHe
st PCRS B33t AA8k4th Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) 737A primer?] 971445 3')
2 forward TTGGTCGTATTGGGCGCCT$} reverse TTC-
CATTGATGACAAGCTTCRY, PCR 95ColA 3&7F W
AAAZL B 94 CollA 30%, 55ColA] 30%, 72CollA 30 F7]
2 363] AJ8JstaL 72ColA 7 AFESiT) ol
A7)+ 272 bpSAth

[

2% 489

IS6110 primerZ 0|28t MTB PCR

IS6110 primerE ©]&-3F PCRL Biocore 7]E(Seoul, Korea)
AHatom, ZR2EZ wa} nested PCRS A8)3t5
3 WA PCR 9 15 uLF FE3 DNA 100 ng& ¢
B 95°CollA HE7F HAIAIF AL, 94Coll A 45%, 68°CollA 45
, 72ColA 45% F7]2 353 Al3etom, 72 CollA 587+
AsIATE = PCR A3= 2% agarose geldlA] A7195< 3}
o] I A 94FE st olwf 4k PCR AHE2 256 ¢
71504, o]zF PCR AHE2 181 971404 SZo] ol

Pt N

2

Mpb64 primerZ 0|28t MTB PCR

Mpb64 primerS ©]83F PCR<S Biocore 7|ES A3 01,
z2 e wat 3% DNA 100 ngS ¥ PCR £ 2
20 uLE &38+ 3 one tube nested PCRE A3tk 12
I 95°CollA 587 HAAIZ] 3 94°CollA 40%, 66 CollA 403,
72°ColA 40% F712 153] A#}sta, YAl A cycles 353] HF
B3 5 72ColA 58 A3tk PCR Ad<= 2% agarose gel
oA H71FFst] ¥ AFE Fsidink olf MTB PCR
A 170 A71890M FS3o] ERIFNT B3 PCR 3 o
o] AZAE F28l7] 98 human HLA-DRB clone plasmid
2 HLA-DRB primerZ internal controlZ A3l +H], PCR
AHEE 276 47128004 1= AT

IS6110/RpoB primerE 0|28 MTB PCR
[S6110/RpoB primerE ©]4-¢ PCRE Biocore 7|EE AMHE-3]
Aom, 2EF| wel nested PCRES AaATh & A W)

-

PCR &%) 15 uLg F%% DNA 100 ngg EFE F, 95°
ol A 5E7F MAAIF1 I 94 Coll A 45%, 68CollA] 45%, 72'ColA
30% F7|2 353 AldE e 72ColAM 587 AFskiTh PCR
A= 2% agarose geloll X 771955 st F o5 ERlgt
Aed, MTB 9491 7495 235 4714 2 158 4714 BFo
A FZEAY, 158 G7180lA FFo] SRl 123 NTM
o] gt 7HAl 9= 235 F7IA FFo] HAETh
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MAIZE ZgtE 4 oIAEI2(real-time quantitative polymerase chain

reaction)

AdvanSure TB/NTM real time PCR 7]E(LG Life Sci-
ence, Seoul, Korea) & ©]£3}%1.2 1, 13,000 rpmolA] 387+ Y
AliElste] eE 4S9 50 MLE PCRol| AH&-atsie) 12|
2XPCR mixture?7} 10 uL¥ ¥F5o] 4= 200 ul. PCR 7
HE A5 7 £ H, 1S6110/RpoB primer 5 uL&
7Z+7+9] PCR FH| #7}sta %3 DNA 100 ngg #7}s)
Atk I olE RS F vortexdte] 41 H, 50C
A 28, 95°CollA 1087 ¥MAdA]7]2L 95 CollA 105,
40% F712 353] Al 33} “%

PCR §H&-9] A3}t #42 3709 channels ©]-§-3te] Z}7te]
channeld|A] FAM (MTB), Hex (NTM), Cy5 (internal
control) 5 37] 339 signal AL Felety T wke-o §&
A o, 2498 BT ol Ct %2 internal control®]
735 26-28 AtolE UERI O, 35 mlvhs PO R Stk 7t
signal & NTM Ct Zo] MTB Ct #HEtH & 29+ MTB%
EAeks AR B, 22 A5-E MTBS NTM ] 55 24
o2 a4ttt

, 62Col|A|

2 1

RE Zgo) th3t Ziehl-Neelsen34, PCR % RQ-PCR ZA}
A Wik AHE Table 19 71&8iSith A gl
do ok A9l A= 15995, ©] £ Ziehl-
Neelsen @A G4 A5 7ol2 AN RIS 466% A
o} & Adl Wi AP 2449 A9 9dHeH, o] F Ziehl-

FI AL 3¢, 2320 FEl7t 6ol = AN
o] BolE 666% ATk A vl A3l wE Ziehl-Neelsen
dA, PCR % RQ-PCR A 917k 3 Eo|% MW Table
29 A2)skitt.

B Aol AMRE 549 FEl T 1590(27.8%) 7t Ziehl-
Neelsen GAoA FAo|R I (Fig. 1), YHA 39¢1(722%) =
SAJol Atk T3 1S61103} Mpb64 2 1S6110/RpofB primer 2
PCRE AAISH A3K(Fig. 2), AA 5458 5 194(35.2%), 16
o(29.6%), 1991(352%) oA 2k} SFAdo1al, 3591 (64.8%), 38
ol(70.4%), 35¢(64.8%) A /35 VrepiTh 12|13 1S6110/
Rpopdll W&k PCRZAZ7} <1 199] F 241914 NTMo] &
1= TH Table 3).

% RQ-PCR< DNA7} B5E3 3615 #9312 51¢] 9] A]
ok A = (Fig, 3), ©] & 23¢)(451%) oA ol x 28
ol(549%) 14 &230]ATK Table 4). 1S6110/RpgBl th&k RQ-
PCROI|A] el 234 = 1404 NTMo] %A (Ct 7k 2845)
o7 FolgglEt, o]E 1S6110/Rpos PCRAIAME SA410I3ith
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Table 1. Results for Ziehl-Neelsen stain, MTB PCR (1S6110 and
Mpb64), MTB/NTM PCR (IS6110/Rpog), MTB/NTM RQ-PCR
(IS6110/RpoB) and culture of mycobacteria

Ziehl- PCR Realtime  Culture of
Neelsen PCR Mycobac-
stain IS6110 Mbp64 IS6110/Rpos RQ-PCR ~ terium
Positive + + MTB+ MTB+ Not done
+ + MTB+ MTB+ Not done
+ + MTM+ MTB+ Not done
+ + MTB+ MTB+ Not done
+ + MTM+ - Not done
+ + MTB+ MTB+ +
+ + MTB+ - Not done
+ + MTB+ - -
+ + MTB+ MTB+ +
+ + MTB+ - -
+ + MTB+ MTB+ +
+ + MTB+ - -
+ + MTB+ MTB+ +
+ + MTB+ - -
+ + MTB+ MTB+ +
Negative + + MTB+ MTB+ +
+ - MTB+ MTB+ -
+ - MTB+ MTB+ Not done
- - - MTB+ +
- - - MTB+ +
- - - MTB+ Not done
- - - MTB+ +
- - - - +
- - - MTB+ +
- - - - +
- - - MTB+ +
- - - - Not done
- - - - Not done
- - - - Not done
- - - - Not done
- - - - Not done
- - - - Not done
- - - - Not done
- - - - Not done
- - - MTB+ Not done
- - - - Not done
- - - - Not done
- - - - Not done
- - - MTB+ -
- - - - Not done
- - - MTB+ Not done
- - - - Not done
- - MTB+ - Not done
- - - - Not done
- - - - +
- - - Not done Not done
- - - Not done Not done
- - - MTB+ +
- - - MTB+ -
- - - - Not done
- - - - Not done
- - - Not done Not done

MTB, Mycobacterium tuberculosis; NTM, non-tuberculous mycobac-
terium; RQ-PCR, real-time quantitative polymerase chain reaction.
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Table 2. Comparative analysis of Ziehl-Neelsen stain, MTB/NTM PCR and RQ-PCR according to the results of mycobacterial culture

in conjunction with previously reported cases

Case No.
Our cases Culture positive  Cutture negative Sensitivity (%)  Specificity (%)
24 15
Ziehl-Neelsen stain Positive 10 7 3 46.6 66.6
Negative 14 8 6
IS6110 PCR Positive 13 7 6 46.6 33.3
Negative 11 8 3
Mbp64 PCR Positive 11 6 5 40.0 444
Negative 13 9 4
IS6110/RRpog PCR Positive 12 6 6 400 33.3
Negative 12 9 3
1IS6110/RRpoB RQ-PCR Positive 16 12 4 80.0 55.5
Negative 8 3 5
Reported cases (Park et al?') 152 71 81
Ziehl-Neelsen stain Positive 46 41 5 57.7 93.8
Negative 106 30 76
IS6110 PCR Positive 61 60 1 84.5 98.8
Negative 91 11 80
Reported cases (Selva et al.?) 49 45 4
Ziehl-Neelsen stain Positive 25 25 0 55.6 100
Negative 24 20 4
IS6110 PCR Positive 45 4 4 91.9 100
Negative 4 4 0

MTB, Mycobacterium tuberculosis, NTM, non-tuberculous mycobacterium; RQ-PCR, real-time quantitative polymerase chain reaction.

Ty S P
wy ” ‘. . '4
...o Q‘"" \”/ ‘.'. : ‘w" . .
s. B"g9 &
.. ’ L ad
L Can™ % [
» % * »
" . >
Bl g - 1
,G'. - ‘ " .‘ . c ’
b ] 4 T aa™ -t
,')::,, L .J.b -2
- LI 71 S

Fig. 1. Ziehl-Neelsen stain reveals several red-colored acid-fast
bacilli (arrows) in a paraffin embedded tissue section diagnosed
as a mycobacterial infection with chronic granulomatous inflam-
mation in subcutis from the neck.

MTB-PCR1 RQ-PCRI}2| RIZIE 4 E0|= HluW

Ziehl-Neelsen GAAF 9FA1Q] 1524 ol A 1S61107 Mpb64
9 1S6110/Rpofe] PCR A¥e ZHt 114(73.3%), 91(60.0
%), 114(73.3%) ANAM A4S Beh E3 1S6110/Rpob RQ-
PCR< 15658 F 1241(80.0%) oA FdE Bt o ¥zt
= 747t 733%, 60.0%, 73.3%, 800%% RQ-PCRo| 7V

M 1 4 6 78

9 11 13 15 18 P N

300bp >

1S6110 200bp > 158 bp (1S6110)
100 bp >
b (internal control)
Mpb64 300bp > SRR L Rl o L o Al L T IS« 276 bp
200bp > ve
<
100bp > . 170 bp (Mpb64)
IS6100/  300bp » [l T I < 235 bp (Rpop)
Rpo, 200bp > =
pog riige . < 158 bp (1S6110)
1 4 6 7 8 9 11 1315 18 N P M
GAPDH 272bp » : ggg S’)
]
< 100 bp

Fig. 2. Results for 2% agarose gel electrophoresis for MTB/NTM
PCR and GAPDH PCR. The pictures show discrepancies in two
cases (samples 4 and 7) by the difference of primers, 156110,
Mpb64 and 1S6110/Rpos PCR.

MTB, Mycobacterium tuberculosis; NTM, non-tuberculous mycobac-
terium; PCR, polymerase chain reaction.

=94t} 3 Ziehl-Neelsen @414 54991 3954 & 1S61103
Mpb64 2 1S6110/Rpof PCR AzH= 7H7}t 3190(795%), 32
o1(821%), 311(795%) A &730I3ith. T RQ-PCR 36
Sl T 2540(69.4%) A 523010 eH, Bolue 747t 795%,
82.1%, 795%, 694%% RE PCRo|] RQ-PCRETH =ttt
(Fig. 4).
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Table 3. Comparative analysis of results for Ziehl-Neelsen stain,
MTB PCR (IS6110 and mpb64) and MTB/NTM PCR (IS6110/Rpop)

PCR Ziehl-Neelsen stain Total
Positive (%) Negative (%)  No- (%)
Total No. 15(27.8) 39(72.2) 54 (100)
IS6110 Positive 11(73.3) 8(20.5) 19(35.2)
Negative 4(26.7) 31(79.5) 35(64.8)
Mpb64 Positive 9(60.0) 7(17.9) 16 (29.6)
Negative 6 (40.0) 32(82.1) 38(70.4)
IS6110/Rpos  Positive 11(73.3) 8(20.5) 19(35.2)
Negative 4(26.7) 31(79.5) 35(64.8)

MTB, Mycobacterium tuberculosis; NTM, non-tuberculous mycobac-
terium; PCR, polymerase chain reaction.

Table 4. Comparative analysis of results for Ziehl-Neelsen stain
and MTB/NTM RQ-PCR (IS6110/Rpog)

Ziehl-Neelsen stain
PCR : Totaol
Positive (%) Negative (%)  No. (%)
Total No. 15(29.4)  36(706)  51(100)
RQ-PCR Posive 12 (80.0) 8(30.6) 23 (45.1)
Negative  3(200)  25(69.4) 28 (54.9)

MTB, Mycobacterium tuberculosis; NTM, non-tuberculous mycobac-
terium; RQ-PCR, real-time quantitative polymerase chain reaction.

T A3t vl ok A<l 154 S04 1S6110F Mpb64, 196110/
Rpof PCR 2 RQ-PCRE| WIZwE 742t 466% (7)), 40%
(6ell), 40% (6l), 80% (124])HL, Eol== 333% (34)),
444% (490), 333% (31), 555% (5) Ak

A

MTB-PCRZ} RQ-PCRII2| /Y E H ?ISHE Hln

Ziehl-Neelsen G404 Al 1558 F 1S61103 Mpb64d
2 1S6110/RpoB PCR A= 1554 = 4¢], 64, 4904 24
< Btk ¥ 1S6110/RpoB RQ-PCR®] A4-& 15658 5 3
o7t S0t d USAELS 72} 26.7%, 40.0%, 26.7%,
20.0% % RQ-PCROIA 714 Sttt Ziehl-Neelsen @Al &
291 3929 3 7z} 89, 74, 897} kel em, RQ-PCR
] 739+ 3658 = 1167k Pdoliek g P ES 205%,
17.9%. 205%, 30.6% $THFig. 5).

MTB-PCR1} RQ-PCRII2| AMMUIESET}l SMUEE
1S6110% Mpb64 2 1S6110/Rpof PCR3} RQ-PCReIA 7+

7te] A &= 57.9%, 56.3%, 57.9%, 522% R, 579 <
S 88.6%, 84.2%, 88.6%, 89.3% S thFig. 6).

263

Amplification plot
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Fig. 3. Results for MTB/NTM RQ-PCR. (A) An MTM-positive and
NTM-negative case. The Ct value for the internal control (MTB-IC)
is 26-28; the Ct value for MTB is 32.9. (B) An MTB-negative and
NTM negative case.

MTB, Mycobacterium tuberculosis, NTM, non-tuberculous mycobac-
terium; RQ-PCR, real-time quantitative polymerase chain reaction.

Amplification plot
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Fig. 4. Sensitivity and specificity of polymerase chain reaction (PCR)
and real-time quantitative PCR (RQ-PCR). RQ-PCR shows the
highest sensitivity and Mpb64 PCR shows the highest specificity.
MTB, Mycobacterium tuberculosis; IC, internal control; NTM, non-tuber-
culous mycobacterium.
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100 W Sensitivity  m Specificity

1S6110 Mpb64
PCR PCR PCR

IS6110/Rpog ~ 1S6110/Rpog

RQ-PCR

Fig. 5. False-positive and false-negative rate of polymerase chain
reaction (PCR) and real-time quantitative PCR (RQ-PCR). Mpb64
PCR shows the lowest false-positive rate and RQ-PCR shows the
lowest false-negative rate.
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vloko] Al 249)9] PCR WAL+ 400-466%, 5ol
333-44.4%2 ") v whH RQ-PCROIAE 80% <) RIA%
$} 555%¢] Boleg Btk ole|dt Aol 71E Hiske A
ol ¢hd 3 “Uﬂé} < o, ol b xf 7o) 7+
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gkt & PCR EE RQ-
PCRe] f-&5itha gz oy vl ZAAE #7153 ok’
w3 At A% E3] AME-EE PCR primer?] 196110, Mpb
64 2 RpoB F-91oll S A AAe] we} 2jol7} Byw T
AT A B 15 Al B AVIE B AraEe] &
At Zetol] AREEE primerS Mpb64oll 4] 1S61100. 2 HHEH
A primerel] W A3}9] zto] 7t mmq;»y] EHTL 1, 1% &
dellA BAE X &8k dl ¢
o AH&-5&= PCR % RQ-PCR % el orest %%4 el
o] Y aHA =AUtk
PCRE 73-¢ 71£9 5] RIALE 835-100% % High
g Bl e] W7t 1S61103% Mpb6d 2 1S6110/Rpop
primerdl| A 7Yz} 733%, 60.0%, 733%% JER} 71&9 By
of Bl WA WAL v Sl 70-99%E B v
Ao} Bl w zbzk 795, 82.1%, 795%= H|S5=k A
BAS M 89 Ziehl-Neelsen @A0] duba o 2 wzhe 7}
A o WelEal ¥HA Slo] £ AlME Adat vk

[t FlﬂJ

Olgt - Ofgii - 21494 9| 30l
H PPV m NPV
Il Il
1S6110 Mpb64 IS6110/Rpop  1S6110/Rpos
PCR PCR PCR RQ-PCR

Fig. 6. Positive predictive value (PPV) and negative predictive
value (NPV) of polymerase chain reaction (PCR) and real-time
quantitative PCR (RQ-PCR). Three different PCRs show the high-
er PPVs than RQ-PCR. NPV is similar in all PCRs and RQ-PCRs.

AA A 71 24, A WY A ¥ 15
ool 1S61102F Mphtd 2 1S6110/Rpof primerS A3 PCR
A= 747} 76(46.6%)., 690(40%), 6¢1(40%) oA Fdo

Ve £38]2 Ziehl-Neelsen @4& 7|F22 319S WH 1

H=

SR Fakt AE A 71 PCRe H]aH 401 Fan=t= "]
U643 2393 A B ¢ A 24 2o
Ziehl-Neelsen @417} RQ-PCRS Alfs}e] WIZE @ Eo|=&
H)wa B A3}, Ziehl-Neelsen G0l %AS E‘?l A9 RQ-
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