Tuberculosis and Respiratory Disease
O « N [

Al
)
ne,

3%7143 Vol. 40, No. 5, October, 1993

FulAl &l o] A Polymerase Chain Reaction (PCR)E
o] -3t Ao AEel #F AT

A o) siois iiastad, aRuen osus foieadr, dFsa o e o sta e

d 3 58 g oB-@ 4y 7
g s-yd g8 8y

= Abstract =

Identification of Mycobacterium Tuberculosis in Pleural Effusion
by Polymerase Chain Reaction (PCR)
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Keun-Youl Kim, M.D.** and Yong Chol Han, M.D.

Department of Internal Medicine, Seoul National University College of Medicine,
Hallym University Medical College,* and Tankuk University Medical College** Seoul, Korea

Background: By amplifying small amount of DNA, polymerase chain reaction (PCR) can be used
for the detection of very small amount .of microbial agent, and may be especially useful in certain
cases which are difficult to be diagnosed microbiologically or serologically. Tuberculous pleurisy is
a disease that can be diagnosed in only 70% of cases by conventional diagnostic tools, and PCR would
be a very rapid, easy, and sensitive diagnostic method.

Method: The specificity and sensitivity of PCR to detect Mycobacterium tuberculosis DNA were
evaluated using various strains of Mycobacteria. To evaluate the diagnostic usefulness of PCR-in
tuberculous pleurisy, we used PCR to detect Mycobacterium tuberculosis DNA in pleural fluid. The
amplification target was 123 base pair DNA, a part of 1S6110 fragment, 10~16 copies of which are
known to exist per genome. The diagnostic yield of PCR was compared with conventional methods,
including pleural fluid adenosine deaminase (ADA) activity. Also, the significance of PCR in un-
diagnosed pleural effusion was evaluated prospectively with antituberculosis treatment.

Results: ‘

1) Using cultured Mycobacterium tuberculosis and other strains, PCR could detect upto 1 f{g DNA
and specific for only Mycobacterium tuberculosis and Mycobacterium bovis.

2) Using pleural effusions of proven tuberculosis cases, the sensitivity of PCR was 80.0% (16/20),
and the specificity 95.0% (19/20).

3) Among 13 undiagnosed, but suspected tuberculous effusion, the positive rate was 60% in 10
improved cases after antituberculosis medications, and 0% in 3 cases of proven malignancy later.

4) Adenosine deaminase level of proven and clinically diagnosed tuberculous pleurisy patients was
significantly higher than that of excluded patients, and correlated well with PCR results.
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Conclusion:We can conclude that PCR detection of Mycobacterium tuberculosis in pleural effusion
has acceptable sensitivity and specificity, and could be an additional diagnostic tool for the diagnosis

of tuberculous pleurisy.
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Table 1. Profiles of Studt Population

Group Characteristics Number of cases
?roup Proven tuberculous 20
Granuloma with caseation
14
on Bx
Sputum AFB (+), but effu- 6
sion (—)
;}roup Proven non-tuberculous 20
Malignant pleural effusion 12
Congestive heart failure 5
Liver cirrhosis 3
Clinically suspected tuber-
G .
3 Toup culous pleural effusion, and 10
improved after medication
Group Clinically suspected tuber-

4 culous pleural effusion, but 3
proven malignancy later

Total 53
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Hurley 59| 9-& 44 3le] DNAE &3k
Z 2ml screw-tubeoll HA3F F 200 e 22 F,
0.1mm Zirconium Bead 200 »l, TEN buffer 100 w1,
PCI solution 100 x5 ¥ 3, mini-Bead beateroijA] 3
27k Al A2 E 53 FAlo] A v A
Zeh AAE 3000 rpme 587 ARG F, 549
3 AbZ ol 200 x1& A2 micro-tubeo] &7l Cl

o

solution 20018 Y2 3027 4438 £& o8, 4
3000 rpmo. 2 5% YA 3 oA-g 23] dhEsig
3 A& -8 A micro-tubeo] &tk oldl 3M
Sodium Acetate 10p13 22 %, 100% W% Ethanol
220p1% Y1, —70°C YAl 15% o]A 35 10000
rpmo.E 1087 YAHelsiddch ol AEAE vac
cum suctiong o] -&-3te] A A3k, &2 Lol oA
3 AZANF S/ 100 ploll £8jA17 —20°Cofl 2
#ehsich,

@ Primer2} 84

Primer2+ Eisenach®'¢] 181 (¢ -CCT-
GCGAGCGTAGGCGTCGG-3)#4 1S-2 (5'-
CTCGTCCAGCGCCGCTTCGG-3Y8 DNA $47 &
A slo AHE3lsich

® PCRE o|88 DNA9| 85|

104} reaction buffer (500 mM KCI, 100 mM Tris-
HCIL: pH 8. 3, 24 mM MgCl,, 1 mg/ml gelatin) 10 gl, 2}
1.25mM dNTP Z3 16 #I(Z F 200 M), 2%2]
primer 5 yl(Z+ & 50 pM), S5 13.5 pls} Fol A
228 DNA A4 50 ul¥ 9.3 mineral oil-g 50 ul4
@2 % preheating 3}x, 50 U/ul Taq Polymerase
0.5 ul (2, 5U)% e w217 e, Automatic thermal
cycleroll 4 pre-heating-2 95 °Colj4] 587}, annealing
£ 68 °CollA] 187}, extension& 71 °CellA 1487}, last
extension? 71°CollA] 1047} 3lod, % 3531F Al &%}
gk PCRe} Evbd 30°C2 A& wiztA] sivkel 3 —
20 °Cell ®.ag3igict,

@ M2l g8

Agarose Gel 2%2+ NuSieve Gel 2% % £ ¢ 3l o
TAE bufferd] % 4%7} =A i 7hdsle] 54 F,
60 °Coll 4] 10 mg/ml2] ethidium bromide 3% volume
o2 s} eolo} PCRE AA 10 pl¢t gel load
buffer 2 u14-& 4ol wello] ¥ 275 o= size
markers} &7 100 Vel {2 o 1417 & A7) 9
58 )2, 260nme] =9l w373 slollA] 123 base
pair 2719} band ¥ U3 ARAE A%,

® oM % Y =P

ZAAe] g 2 A g 4 1S, IS-2 primerE- o]
& PCRe] E0lAL $937] HA%te) Mycobacterium
tuberculosis T & & 4 H37Rv (ATCC 27294)s}

H37Ra (ATCC 25177)%, non-tuberculous
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Mycobacterium 22+ Mycobacterium intracel-

lulare (ATCC 13950)2} Mycobacterium bovis
(ATCC 19210), Mycobacterium scrofulaceum
(ATCC 19981)2] DNAE 225l 1ngd 42319 2,
A5AS T8 H3lei A= H3TRv 54 Feid
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i Aol oie H4 RxFozE vkl 35
T53 Mycobacterium tuberculosis H37Rv (ATCC
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o}& NaCla} 4hg-A1 A F3ite s g e, ofF 94
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1. PCR2} So|43 z4-4

1) PCRe| Bold

Eo)4-g HZ3)7) 9lsted Al#3 Mycobacterium
tuberculosis (H37Rv, H37Ra)¢} Mycobacterium
intracellulare, Mycobacterium bovis, Mycobacter-
jum scrofulaceum¢] PCR-& A 9j A 4337 3holl A
Mycobacterium tuberculosis (H37Rv, H37Ra)st
Mycobacterium bovis 7t ] 123 base pair 9 3] of
band$ 2o $4L Jehile, ol Southern Blot
B4l A e gl = ek (Fig. 1), ‘

2) PCRe| &4 ;

F4 e dotr 7 43 Mycobacterium
tuberculosis (H37Rv)$] DNAS 43402 345
PCRE Al dlstg e, A4 $FAFAANE
Mycobacterium F 17030} s3]+ 1fg DNA7ZA

Fig. 1. Specificity of PCR using cultured Mycobacterium species after ethidiumn bromide

staining {A) and Southern blot analysis using 1S-3 probe (B). The primer was IS-1&
IS-2. M: Size Marker, lane 1: M. tuberculosis H37Rv (ATCC 27294) Ing, lane 2: M.
tuberculosis H37Ra (ATCC 25177) Ing, lane 3: M. intracellulare (ATCC 13950) Ing, lane
4: M. bovis (ATCC 19210) Ing, and lane 5: M. scrofulaceum (ATCC 19981) Ing
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Fig. 2. Sensitivity of PCR using serial dilution of
DNA from M. tuberculosis after ethidium bro-
mide staining and UV transilluminator. The
primer was IS-1&IS-2. M: Size Marker lane 1:
M. tuerculosis H37Rv (ATCC 27294) Ipg, lane 2:
100 fg, lane 3: 10 fg, lane 4: 1 fg, lane 5: negative
control

F43& vebi ol (Fig. 2).
2. #50lM2| PCR % ADA #M%

1) SEE #x20M2| PCR % ADA $4E

A gk ez 3 A 179 2089 A

4%, 169|914 PCR 237} okdo 2 1o} 80.0%9)
FAEE B £7HE B Foolx A ok
FAoI A Tt A4 AT AAE Babg ol
4 23] 1493 13004 FAS ¥ 92.9%2)
& el b, F5u Folold Ade] Frgle]
Ak =3b/wiok FA-g ¥l 6eflol A& 3o ko)
Rod 50%9) A-8E el gel gkl Ao} wiaA
FHAF 2000504 44 FT AE el AT 34
v}awoi 5.0%9 9%4d-&4 veliich, ADA ¥4

A 10| 118.8+23.61U/L, A 20} 23.7+3.2

IU/LEH T FElg: Ao|E xgled (Fig 4)
B520] ARG 40IU/L oA AR § 129 A
2 71EeE 4GS A, Al 1T 1d (5.04)4

ASAE, Al2F04 26(10,0%) 9 9IS vehy
Sl =t (Fig. 3, Table 2).
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Fig. 3. Agarose electrophoresis of PCR product using
DNA extracted from pleural effusion as tem-
plate. The primer was IS-1&IS-2. M: Size
Marker, lane 1: positive control - M. tuberculo-
sis H37Rv (ATCC 27294) Ipg, lane 2, 3: proven
tuberculous pleural effusion, lane 4: proven
malignant pleural effusion, lane 5: negative
control. of DNA extiraction, lane 6 negative
control of PCR
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Table 2. PCR Results and ADA Activities of Proven Tuebculous and Non-tuberculous Pleural Effusions

Group

PCR posotive cases

ADA activities (IU/L)

Group 1 (Proven tuberculous)
Total
Granuloma with caseation on Bx
Sputum AFB (+), but effusion AFB (—)
Group 2 (Proven non-tuberculous)
Total
Malignant pleural effusion
Congestive heart failure
Liver cirrhosis

16/20 (80. 0%)

118,8+23.6
13/14
3/6

1/20 (5,0%)
1/12
0/5
0/3

23,743, 2**

*: data shown as mean+standard error

**. p<0, 001 compared with Group 1

120

80

Iu/L

40

Proven TB

Proven Non-TB

Suspected
~improved

Suspected
~Malignancy later

Fig. 4. Adenosine deaminase activities in various groups of pleural effusion.
*:p<0, 05 compared with proven non-TB group
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£ dojoput wiokurh 4% AAE 2uFA S
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Table 3. PCR Results and ADA Activities of Clinically Suspected Tuberculous Pleural Effusion

Group PCR posotive cases ADA activities (IU/L)*
Group 3 (Improved after medication)
Total 6/10 (60,0%) 83.7£11,2**
Lymphocyte predominant effusion 2/6
Poly predominant effusion 4/4
Group 4 (Not improved and TB excluded)
Total 0/4 (0,0%) 28.3+3.5
Malignant pleural effusion 0/3
Bacterial parapneumonic effusion 0/1

*: data shown as mean+standard error
**: p<9, 01 compared with Group 2 and Group 4
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5~10%9] Sldga 54l Ykz AR m gl
u}.

3 Fatelije] ADA A5 Ay vigdy

i B8l zholr} vhA] 719 HanB29 Zhe A
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A" Fude Addol, 53 A=F 759 F4 "L"é
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E 243 Ho] B o7 Bz & 4 U &
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T AT A o A F537HE 7] A E o
g 34 Ak S-S Aoz s, Wy o]
UE A3E vAFa gich FAYAA FAF 24"
HAFL £ 109202 o]F 604 PCR S el
Wigich o s4d3de] wde] glo] Ao F4F
F24o8 3, F2 gL 499, AT FF F
o A2 $AF, F4evhF AR A7 AYYy F
A7t 9998w, PCRE 69% 292l 33.3%¢ %k4de-&
Holx glr}, of& ol8d FAFA F A& 714
o] 2 ulide] 7191¥ Holehe Mt A3+ 2
sholn}, ADA A=+ 6%4%F 5%0] 40IU/L ojAo 2
A o}2]3 @A-79) Auko] glo] PCRECY +5¢ A2
2 4z, dbg olefdt e e 183 F
uk Al2-g shA FAjollA, B3 g oAl s
Fhe st FAEFTNA, A=A 7|2 Akt 3
Hog Acto] gzl FAF 490 FHAAA FAF
ZA=QEd, o]F 2504 PCR %4, ADA 4%
401U/L o] 4% Holx glch =¥ 3AHA %3 AF
Z%0) 12 Axie] MlzA 439 A 254 PCR
<A, ADA 4% 4IU/L ol315 ®ola et &8
d AF7t ohriglem 2 @xlo] Heold8e HA
o] AMYsUE 7ha4dol A FAF9] 474 UF Hof
AFE A-EE dErle ojgAnl, dadla B 3
3 ol#l g Bxbg Avkdl] PCRe| 28¢ F4 &

A S Yok, % woh Be 83
ez @ A9 A7) sstel & Aoz Az
Aol ol 2T + Y& A54E AT

2 ot

ATeH AR T A2 oMAE fEvet
oA Zbg 28 F AHee] dolez A7AS D 9oy,
a2 J1EY AR wheRE
ok 70%14%t &Alo] 7hssiet, 8 ndRFolv H
o] qAg FATNA 712 Ak Pyjoz AR
%3, d2i7kA] A Heoll WA % FH A2
Aol QAo o2 gs HA v, 2} g
Ak o] A g8 ofe) Fokel xo gl sk
o}, PCR& oj= 543 DNAE d5H o2 24T &
glol ARl Fuleke g EAsta gle HdAe] Ak
of o] g5z glom, Ad4 Fude] AdlE =55
ZRez JdEUck oo AA-EL PCRE o148 2
a4 Futd A F84S Ao 2aA £ dTE

Al 3hgi et

- e

zz}-g_}-xl At

&4 dzFo sl AYFFY v
7 ¥4 Mycobacterium #5%& AHE3lga 4+ A4
2 Fub A% A} 53eldeh olF AYA Fdel
A5 A7} 209, AR F9 Aol WiAE FA0)
207, Aslo] FAHA ggkort Yoz Aoz
914}'3}04 FAYAAE T8 3 AF 37} 1030
3, FAYAA FAFlE AR gghon] HHE

7"21 A=k FAol A Aeo] AR =7} 3ol ATh
94 S F9 A7 F49 ADA X5 233

71&9| Ak w3}t PCRE A188t3ict. PCR9 target
£ Mycobacterium tuberculosis®] Hol4-& Zow
g ANl ozl wbEslel Exgcle geiA e
DNAg), 156110 gene2] 912l 123 base pair DNAZ.
3, 2 A3E 7)Ey At Ao} nlasigleh

F-Ei :

1) vijokgl AdF o u]A #4] Mycobacterium$ o]

€3 PCRe 742 DNA 1 fg7=|9ls, Myco-
bacterium tuberculosis®t Mycobacterium bovisol 2}
EolH ol

2) sAl5 g o83 PCRY] 442 80.0%
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4) Aol A=A ket i em Aoz o
Alste] FAHAANAE «‘?—C’%ﬂ $#A4F s A 3 5
Zso] wiAl" 34 3% =5ol4 PCR S48 yehd
et

5 ¥4 ADA B4 =+ 49 A4 oo &
AT QAR A¥o] A5 FANUA FHF 3
A Fol et 1-o3iAl £3kx, PCR 2349} ¥
< A% AAE 1k

g%;ﬂm&éﬂﬂ%mggx
SolHolglor, ADASH F2 4
w2b4 PCRE o] && A% %%
A Fadde Aol =58 F 5
o

0% (19/20) <t
v ojad e g delle g ¢
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