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The Diagnostic Value of Bronchoalveolar lavage fluid microscopic study and
PCR in Pulmonary tuberculosis

Moon Hwan Park M.D., Choon Han Choi M.D., Nam Jin Kim M.D.
Department of Internal Medicine, Gupo Sungshim Hospital, Pusan, Korea

Background : We can diagnose pulmonary tuberculosis with sputum AFB smear and culture,
but sputum AFB smear has low sensitivity and culture needs long period, and they are not
available in the patients who can not expectorate effectively. Recently developed, PCR is a fast
diagnostic tool in tuberculosis, but false positive and false negative are important problems. So,
we studied the diagnostic value of bronchoalveolar lavage fluid AFB smear, culture, PCR through
the bronchoscopy.

Methods : The 67 pulmonary tuberculosis patients and 43 non-pulmonary tuberculosis patients
were analyzed with their sputum specimen AFB smear and culture. Also, bronchoscopy and
bronchoalveolar lavage were done, and bronchoalveolar lavage fluid AFB smear, culture and PCR
were done.

Results :

1) In the cases of pulmonary tuberculosis, the sensitivity of sputum AFB smear and culture
were 32.8% and 57.4%, respectively. And the sensitivity of bronchoalveolar lavage fluid AFB
smear and culture were 47.8% and 80.6%. respectively.

2) In the cases of pulmonary tuberculosis, the sensitivity and the positive predictive value(for
predicting a positive culture) of PCR were 80.6% and 81.5%, respectively.

3) In the cases of sputum AFB smear-negative and culture-negative pulmonary tuberculosis, the
sensitivity of bronchoalveolar lavage fluid AFB smear, culture, PCR, and the positive predictive
value(for predicting a positive culture) of PCR were 23.1%, 100%, 88.5%, and 82.4%,
respectively.

4) The specificity of bronchoalveolar lavage fluid PCR was 77.0%.

5) The median number of days between obtaining a specimen and starting therapy was 5 days
for sputum AFB smear, 9 days for bronchoalveolar lavage fluid AFB smear, 26 days for
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bronchoalveolar lavage fluid PCR, 32 days for sputum culture, 56 days for bronchoalveolar lavage

fluid culture.

Conclusion :

The sensitivity of bronchoalveolar lavage fluid AFB smear and culture are

higher than sputum AFB smear and culture. So, the bronchoscopy must be considered for

evaluating suspected cases of pulmonary tuberculosis in patients from whom smears of

expectorated sputum do not reveal mycobacteria or from whom no sputum can be obtained.

Especially, combined with PCR, it is expected that pulmonary tuberculosis can be diagnosed more

rapidly and more accurately, so bronchoalveolar lavage fluid AFB smear and PCR can be helpful

in the early treatment of pulmonary tuberculosis.
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Table 1. Results of sputum bacteriology in the 67
patients with pulmonary tuberculosis
Tb Culture No. of patients

- 0
20
- + 15
- - 26
Not taken Not taken 6
Total 67

AFB Smear
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Table 2. Results of bronchoscopy in the 67
patients with pulmonary tuberculosis

AFB Smear Tb Culture PCR No. of patients
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Table 4. Results of bronchoscopy in the 15
patients with pulmonary tuberculosis
who were negative on  sputum
microscopy but positive on culture.

AFB Smear Tb Culture PCR No. of patients

- + - 4
- + + 5
+ + - 0
+ + + 3
- - + 0
- - - 3
Total 15
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Table 5. Diagnosis of 43 patients with non TBC

ITHTable 3). Diagnosis PCR(-) PCR(+) No. of patients
Inactive tuberculosis 11 5 16
Table 3. Results of bronchoscopy in the 26 patients Lung c’ancer‘ 8 0 8
with pulmonary tuberculosis who were Bronchiectasis 2 1 3
negative on sputum  microscopy and Prieurnonia 5 2 7
culture. Bronchitis 72 9
AFB Smear Tb Culture PCR No. of patients Total 33 10 43
- + - 2
- + + 9 e
. 6. HAos NgE 679 F Hxe| Wyl
+ + - .
. . 5 A TRAANE AYE e 042 24} 5 3
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Total 26 AR Ak o= TdE HAL F it 322
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of days between examination and commencement of

therapy.
Examination No. of patients Median no. of days before therapy
AFB Smear of Sp 20 5
Tb Culture of Sp 7 32
AFB Smear of BALF 12 9
Tb CT of BALF 2 36
PCR of BALF 26 26

Total

Sp=sputum; BALF=bronchoalveolar lavage fluid

i &t

H

Hddle Aoshs 7Hd 4l&s whie A4
DHALOIA| R 40-50%2] HFso| A o7 e}
s RIZEET) vk ol m, g e 4
B BelreE AAPE Brbse wde] gl
e wgARE EREART 00 AR Rz
3 AR deiA AT E9E WKE 45
olde] 2@ Alzte] WA wite] Zr|XE7}
Axlo] o] wEAstAY TRE AlglA Zd
< AGATIE Hge] logel®. aga, Ao
i3k T Qe B4 WE Zekev)e] Rolx]
Itk Ay EERHAPE S49%0 oelx] 71
WAEE Alsisle) ekl WIARE Y 4
Agltke BuE*Po] I9li, Mahfouz 5”3}
Grange52'& W8y Zdol| o3 Ba% Y
th HZolle EAPAUESte] o= DNA probe
g olgsle] ZIAFL Jdske uhYo] ¥
N3, A DNAE Atasrz ddst & gel
electrophoresis® AA|8}e] YEh )= DNAR-EY]
A71E vladks W) RFLP(restriction fragm-

S

)

ol

A7) AAE ojgd AT7E" Vo) AT Q)
=3

Danek57%| ojsid g =azia} S401A
U ARS8 S 9QE 4lejolr] Z1BRMA
A ANas) 3% ool TRAAL e
AE dglon} roxHEAE A wjEAL %
e 3% UEFAYA B oL 7
AUAIAA AREE 220137190 lidocaines] <3
SujRolatn slgen, Fuiis ol olaid A
= €420 2195 6ojellA] 71 BA|HEA
o) mEzAA} Foli T 19elM 22T F
Aoz 7elold Z|TANAAL olgslel HAH
o] Zr)ddo] hssigitkn Baglon, Jets™
7 BAATAH Y WAL UM%l WA
Busldck el Kvale$7e ARHALR
57 @ @A ]BANAHL wEEA]
"as AL oz, A wjgaht ok A
o] nasogastric tubeE |83} $1&) B
AFeie =T HEIAE Adeis A 5
o7 ZFRatin w2 e AT sk AR
S9] A9 7| BAHTARA] TBZAL P4
go| 478%0)1 WjFAALS] LS 806%2A,

2 otlo rle

- 132 -



A maAbe] S 328%9) widAAle] ok
& 574%R8T}E o] Fola Bgtw, Ag &
TEA B AR B 2Ae B HANS
2ol AlEgeh Z|BANAES B 7| ERHEA)
Aol mAAME dgo] 231%8 3 wilkaAb
FIE0I0%EA =) Bael H|SEt Aulg)
ok 22y 3ddellAe A =REA 2 oajoziat
T oAt ZEAHEH ] mahAl B
HlFdARs 24d0190E), o)A DanekE o] @
gk 718 NAZAA] AMSEE lidocaine®] A
Aol sk JAETE Bole oEn 719
WA g71de] EAR AZbE ATk

Brisson570] PCRE ol83le] A7 &
o= g o|F, HT AHG] glojA PCR
& olg3 e I7ES ZUT DNAY F
ZAZ BERE 15611008 slugl=d], ojRe M.
tuberculosis complex(M. tuberculosis, M. micro-
ti, M. africanum, M. bovis)E M. avium comp-
lexs T} mycobacterium<:#} FEshR=d] £o)
3p7] gEoltf?. M AxlsE AT & A
F 10-16W uE EAsk= Aoz IdA 186110
T2 BHE At primers e Y
& olgglem X PCRY| 421 Aol W&
primer2 2% PCR-2 Al#&1= nested PCRE &}
of WIZEE wo|izt &k

Eisenach5'70] #@sle] oils= 16242 o)
o2 g A7l gsia AY =TAL E oul
BAZE Q1 290l PCRe] 2% Adolle
L Agegzdake A0l miEIAbE 4]l 2
ool g 1eollAgk PCRo] Ao, PCR
o] WiFHAIRCE oRIgh HARlE YFEAE B
dlsitk 1ev} Forbes57 A% =azib= S
golut miFAAE 48 olE iR PCRE
AlggEu PCRe TEE 977% Bolkxw
87.2%, PCRo| A3 o kAt dd 22
2 428 & J= PCRY ¥ d5&L T5%=
BUsIYI, Clarridges'9e PCRO] wgws
83.5%, Sol=E 9.0%, wiokaAlltdt FAdelE
88 U2%E Ruson, Schlugers?e PCR

il
O

i)
Y
>
1

3

lo

= 100%, Eo|%= 0%, WiokaAAlel] of
Eg2 %Yt Rusignl. Al
Tl A 9= ATE B} thh Ao =X
EPARE Erlwol] w2l PCRe ¥IfE:s
6%-88.5%17 Eo|x 77.0% HjokziAbl
A Z§-8 81.5%-82.4%FA PCRo| Arg
A 7k gS & 4 ek
EEEARE wiekdA}E S44oiA PCRo) Y4
A uis AV ASE AE S e, AN
54 A Aoy, EXe 98 % 9
Y AR FERE Z By To=
LroiRls, Alrle o] A8l ZdEo] e
ejolt Asle] ojghe izt obd - Foltk
Schiuger5'79] <7l olsbd 17¢le] W@EA
848 5 12¢0)A A PCRo] Ao Vel
k. BRuslela, Azpe] Afelx 1699 nig
A HAdY F 5ofellA 71 HA|HEAH N PCRe)
dAoz Uerth ol MIEEAH HAHA
PCR 0l 799 FHlZFeiuts akidolai
PCRE o)AgE w2/ A9 52 Zakr
of 7rg=le] gle Adejolt Ao ojgtwl AEir}
opd ALY = Jdrk diEAHIe] 1990\ %
AAeizAlolA] UAE T FAE 13F
ARG ANE WY B3 34%%0] gl
ofeiEiike Bavt itk TejEe o)Ee
o}x] PCRY3S] A%k omji= ofal o 4 ¢l
Aejolir olRE I Heibe B Ao
e o Mgl 47l "Wad Aow A7t
53 #HAoHA PCRO] 24!

o 1o
ol rE
o Ml
i
rir

2
o
z

ot B orfr

i
Eh%r

=

to 1 %

grk geEla &

dl7b 10e] USiEd] olAe] HeAeRA A
Aol w57 v AL Aol PCRE A1
A2 G427l taq polymerase] FAYEE #3147
+ hemoglobin, sodium dodecyl sulfate, phenol
So] giolo] Hr}H e,

Schluger5” 54728 8ol oA
PCRO| dUE BT, 9ol Z2ARE,
sasol, FRHHE o)A PCRE olgale] 2
dee] F& 4 Ba o7V gl

Plikaytis 572 AT BAEE Adlie]

- 133 -



FAZE PCRE o83l FEZAIAM thAATE
FE A& HEsglon, Telentis2 poB
gene?| mutation€ FEAA rifampino] WAIQ1
o] Ads Adsisick

A E9AE g0l #HiEdde] oiE=E
Aol ZIBANAAEE B3 7R S A He
SeAl 2 oeigre TRETE EolA HAad
9] z7|Age] Ego] ®rh 22} SchmidtF?
£ 1% lidocaine} procained] ZA3Te] EEol
JAEL BHuslYT, RimmersPe wZA#EA
oA Z1FAWAES AT Fo] Ado] osid
20 Rushlx ¥tk IHEE Z|IFXUAA
9] Algdlle A olg=A] g 71uAe TE
AAZIA] e F7F 875 7FEs 3 42
%2 FAuFHAE AHESlok 31, PCRE Y
A 8o FAE o MAAIRITH 71Ee]
718 Rk ol kst QAT FHAL
£ AT ¢ 1, ded] dde) mE Ziduiol

ofel fAge AF-E S8 EAT & e

A S8En & 4 9o
2 o

il AAHE Al HhEe A =
24 2 g AT F AR Ag =
Ak 97Ert va wkziibe Aldel 23d
e ¢Eol gl EFAE AgulEo] x| o=
FAPIME AP Brbss IR Stk =9 A2
of e PCRYES A&s7le st g
AeAe] BAZE =i ok ek Z1ExUAA
£ 53 7IBAHZARAL olj3ld NFEFH
ZAAL 2 PCRE Alsfslo] sigdaiagel] glojA Wl
Arel Guisg woly Hr} 443 Ade &
& leR] A8k

Hi: Hd9 6749 Hddolele] HagE 7t
7 BAg oz Ag =UPA 2 ejdHAE
Algalar, ZNBAWAIAS Adsl] FE XA
o] Mol FArIaxe] Z1BAAIEE A
ak3 AEAAF Scc 3530 AN AEE A

g3l Mg A F AFEEAA € PCR
< Alsgsiirh

Zng

D) HZ@gsxle] A HEA Y dF =
22 2 ujdAAe] g 7 478% 2
80.6%2A1, Mg =LA B ujdRAbe Riis
¢ 328% % 574%%5} FshA w94t

2) HZdgxte] 7B HEHH Y PCRe] 77t
T 806%EA wikdAbe] YIRSt #Eta
PCR2] vjdrlol] st FAJollE-&-2 81.5%r)

3 g =AA 2 AP 348 B
HZ2AEAP)A AT 7jBAWAEES B3 71
AHEAR S =] ARTEE 231%%.0H,
vjekAALY] U EE 100%%1, PCRO Higtes
885%%.2r, PCRE] wjdziAte] oigh JFdel&&
& 824%ck

4 7)BAHEAHY PCRO Eolk:= 77.0%%]
o},
5 #HZ% Fx A9 F N8R 712
2 AY EyhAlz dx Ade] © A9 H
592 7P ugm, Z|EXEEAEY S EAp)
B 99, 7IFAHEARY PCRe] B 26¥0]
new, AguidEsie B3 RN, 71EA
S EAH vk B S6UE 7 ATk
A HaATAPIA NNEAANEE B 71H
AHNEARAe] AaF LA 2 wdAA R
Mg ol 43t AAMEL wiZter} woh OaEjEE,
AGS WiEsIA] FEohs A e AlEskd
AAE 8480 8RN Z1BAUAIEo] s E|o]
oF shu, 7|BABEMAe] PCRE7A Hayd
ol B} Adetn B8 AW vehiEg,
Z7)0l HAg FHdA Foio] Ego] " AoR
7t

el 2

2 E=Ee) o] BeE FA TR %

T A de gAkel e d3k

- 134 -



REFERENCE

D A5, 32, 34, FIE 2939, /)

AW, p43, A, B2AAIE dF Y3,
194

Bloch AB, Cauthen GM, Onorato IM, Dan-
sbury KG, Kelly GD, Driver CR, Snider
DE: Nationwide survey of drug-resistant
tuberculosis in the United States. J A M
A 271665, 1994

Schluger NW, Rom WN: Cwrent approac—
hes to the diagnosis of active pulmonary
tuberculosis. Am J Respir Crit Care Med
149:264, 1994

Pierre C, Lecossier D, Boussougant Y, Bo-
cart D, Joly V, Peni P, Hance AJ: Use of
a reamplification protocol improves sensit—
ivity of detection of Mycobacterium tuber—
culosis in clinical samples by amplification
of DNA. J Clin Microbio 129:712, 1991
Shawar RM, El-Zaatari FAK, Nataraj A,
Clarridge JE: Detection of Mycobacterium
tuberculosis in clinical samples by two-
step polymerase chain reaction and nonis-
otopic  hybridization methods. J Clin
Microbiol 31:61, 1993

Abe C, Hirano K, Wada M, Kazumi Y,
Takahashi M, Fukasawa Y, Yoshimura T,
Miyagi C, Goto S: Detection of
Mycobacterium  tuberculosis in clinical
specimens by polymerase chain reaction
and Gen-Probe amplified Mycobacterium
tuberculosis direct test. J Clin Microbiol
31:3270, 1993

Nolte FS, Metchock B, McGowan JE,
Edwards A, Okwumabua O, Thurmond C,
Mitchell PS, Plikaytis B, Shinnick T:
Direct detection of Mycobacterium tuber—

culosis in sputum by polymerase chain

_l’

reaction and DNA hybridization. J Clin
Microbiol 31:1777 1993

Kox LFF, Rhienthong D, Miranda AM,
Udomsantisuk N, Ellis K, van Leeuwen ],
van Heusden S, Keijper S, Kolk AHJ: A
mare reliable PCR  for detection of
Mycobacterium  tuberculosis  in  clinical
samples. J Clin Microbiol 32:672, 1994

9) Forbes BA, Hicks KES: Direct detection of

Mycobacterium tuberculosis in respiratory
specimens in a clinical laboratory by
polymerase chain reaction. J Clin Microbiol
31:1688, 1993

Eisenach KD, Sifford MD, Cave MD, Bat-
es JH, Crawford JT: Detection of
Mycobacterium  tuberculosis  in  sputum
samples using a polymerase chain
reaction. Am Rev Respir Dis 144:1160,
1991

Brisson—Noel A, Aznar C, Chureau C, Ng-
uyen S, Pierre C, Bartoli M, Bonete R,
Pialoux G, Gicquel B, Garrigue &
Dignosis of tuberculosis by DNA amplifi-

cation in clinical practice evaluation.
Lancet 338:364, 1991

Schiuger NW, Kinney D, Harkin TJ, Rom
WN: Clinical utility of the polymerase
chain reaction in the diagnosis of
infections due to Mycobacterium
tuberculosis. Chest 105:1116, 1994

Miyazaki Y, Koga H, Kohno S, Kaku M:
Nested polymerase chain reaction for
detection of Mycobacterium tuberculosis in
clinical samples. J Clin Microbiol 31:2228,
1993

Clarridge JE, Shawar RM, Shinnick TM,
Plikaytis BB: Large—scale use of polyme-

rase chain reaction for detection of

Mycobacterium tuberculosis in a routine



15)

16)

17D

18)

19)

20)

21)

22)

mycobacteriology  laboratory. J Clin
Microbiol 31:2049, 1993

Miller N, Hernandez SG, Cleary TJ: Eval-

uation of Gen-Probe amplified Mycobacte-
rium tuberculosis direct test and PCR for
direct detection of Mycobacterium tuberc—

ulosis in clinical J Clin
Microbiol 32:393, 1994

Soini H, Skurnik M, Liippo K, Tala E,
Viljanen MK: Detection and identification

of mycobacteria by amplification of a

specimens.

segment of the gene coding for the
32-kilodalton protein. J Clin  Microbiol
30:2025, 1992

Noordhoek GT, Kolk AHJ, Bjune G, Catty
D, Dale JW, Fine PEM, Godfrey-Fausett
P, Cho SN, Shinnick T, Svenson SB,
Wilson S, van Embden JDA: Sensitivity
and specificity of PCR for detection of
Mycobacterium tuberculosis: a blind com-
parison study among seven laboratories. J
Clin Microbiol 32:277, 1994

e8A: JAEFVIE pl77, Mg, 47,
1990

Gordin F, Slutkin G¢ The validity of
acid-fast smears in the diagnosis of
pulmonary tuberculosis. Arch Pathol Lab
Med 114:1025, 1990

Danek SJ, Bower JS: Diagnosis of
tuberculosis by  flexible
fiberoptic bronchoscopy. Am Rev Respir
Dis 119:677, 1979

Fujii H, Ishihara J, Fukaura A, Kashima
N, Tazawa H, Nakajima H, Ide H,
Takahashi T:  Early
tuberculosis by fiberoptic bronchoscopy.
Tubercle 73:167, 1992

Jett JR, Cortese DA, Dines DE: The value
in the diagnosis of

pulmonary

diagnosis  of

of bronchoscopy

23)

24)

25)

26)

20

28)

29

30)

- 136 -

mycobacterial disease. Chest 80:575, 1981
Mahfouz OM, Fraser CE: An immunofluo—
rescence test for detection of antibodies to
mycobacterium tuberculosis. Tubercle 61:1,
1980 :

Grange JM, Gibson J, Nassau E, Kardjito
T: Enzyme-linked immunosorbent
assay(ELISA): A study of antibodies to
mycobacterium  tuberculosis, sarcoidosis
and Crohn's disease. Tubercle 61:145, 1980
Drake TA, Hindler JA, Berlin OGW,
Bruckner DA: Rapid
Mycobacterium avium complex in culture
using DNA probes. J Clin Microbiol
25:1442, 1987

Shoemaker SA, Fisher JH, Jones WD,
Scoggin  CH:  Restriction  fragment
analysis of chromosomal DNA defines
different  strains of  Mycobacterium
tuberculosis. Am Rev Respir Dis 134:210,
1986

AxF, A, o), AV, GeA: AR
lz}deA  Polymerase Chain Reaction
(PCR)E ol43 ZAdFe] A IF I+
ZAd 9 5F71E3 42:35, 19%

Lassence A, Lecossier D, Pierre C,
Cadranel J, Stern M, Hance AJ
Detection of mycobacterial DNA in
pleural  fluid with
tuberculous pleurisy by means of the

identification of

from  patients
polymerase chain reaction comparison of
two protocols. Thorax 47:265, 1992
Kaneko K, Ondera O, Miyatake T, Tsujt
S: Rapid diagnosis of tuberculous
meningitis by polymerase chain
reaction(PCR). Neurology 40:1617, 1990
Shankar P, Manjunath N, Mohan KK,
Prasad K, Behari M, Sheriniwas, Ahuja
GK: Rapid diagnosis of tuberculous



meningitis by polymerase chain reaction.
Lancet 337:5, 1991

3D AAE, AL F AEYAAN FHEL o
S (PCR)E o] &% M. tuberculosis®] 3
2 2A¥ 9 357123 421695, 19%

32) Kvale PA, Johnson MC, Wroblewski DA:
Diagnosis of tuberculosis: routine cultures
of bronchial washings are not indicated.
Chest 76:140, 1979

33) Brisson-Noel A, Gicquel B, Lecossier D,
Levy Frebault V, Nassif X, Hance AJ:
Rapid diagnosis of tuberculosis by
amplification of mycobacterial DNA in
clinical samples. Lancet 4:1069, 1989

34) Hermans PWM, Schuitema ARJ, Van
Soolingen D, Verstynen CP, Bik EM,
Kolk AH, van Embden J. Specific
detection of mycobacterium tuberculosis
complex strains by polymerase chain
reaction. J Clin Microbiol 28:1204, 1990

35) Forbes BA, Hicks KES: Direct detection of
Mycobacterium tuberculosis in respiratory
specimens in a clinical laboratory by
polymerase chain reaction. J Clin Microbiol
31:1688, 1993

36) Bocart D, Lecossier D, Lessence AD,
Valeyre D, Battesti J, Hance AJ: A
search for mycobacterial DNA in
granulomatous tissues from patients with
sarcoidosis using the polymerase chain
reaction. Am Rev Respir Dis 145:1142,
1992

37) Fidler H, Rook GAW, Johnson NM,

McFadden JJ: Search for mycobacterial
DNA in granulomatous tissues from
patients with sarcoidosis using the
polymerase chain reaction. Am Rev
Respir Dis 147:777, 1993

B) AEF, 4, AF, A, AAE, ¢4
4 F9dEdeM  Polymerase  Chain
Reaction(PCR)& ©|-4-8 ZAdwe] Hed @
iz oAt A g THVNAE
40:509, 1993

39) Schiuger NW, Condos R, Lewis S, Rom
WN: Amplification of DNA of Mycobacte-
rium tuberculosis from peripheral blood of
patients with pulmonary tuberculosis.
Lancet 344:232, 1994

40) Plikaytis BB, Marden JL, Crawford JT,
Woodley CL, Butler WR, Shinnick TM:
Multiplex PCR assay specific for the
multidrug-resistant strain W of
Mycobacterium  tuberculosis.  J  Clin
Microbiol 32:1542, 194

41) Telenti A, Imboden P, Marchesi F, Lowrie
D, Cole S, Colston MJ, Matter 1., Schopfer
K, Bodmer T: Detection of rifampicin-
resistance mutations in  Mycobacterium
tuberculosis. Lancet 341:647, 1993

42) Schmidt RM, Rosenkranz HS: Antimicrob-
ial activity of local anesthetics: Lidocaine
and Procaine. J Infect Dis 121:597, 1970

43) Rimmer J, Gibson P, Bryant DH: Extensi-
on of pulmonary tuberculosis after

fiberoptic bronchoscopy. Tubercle 69:57,

1988

- 137 -



