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1. STUDIES ON BACTERIOLOGICAL DIAGNOSTIC METHODS
FOR MYCOBACTERIA

Chiyoji ABE ™
(Received 13 June 1994)

Two systems, radiometric BACTEC and biphasic MB—Check, based on liquid media
proved to be significantly better than the egg—based solid media for the isolation of
mycobacteria from clinical specimens. The difference in the rates of isolation of myco-
bacteria between two groups of media was more remarkable with smear—negative
specimens. The time to the detection of the Mycobacterium tuberculosis complex with MB—
Check was shorter than that with the 3% Ogawa egg method but longer than that with
BACTEC.

The polymerase chain reaction (PCR) using oligonucleotides based on the repetitive
sequence (IS986) of M. tuberculosis as a primer and the Gen—Probe Amplified Mycobac-
terium Tuberculosis Direct Test (MTD), which combines an M. tuberculosis rRNA
amplification method with the hybridization protection assay format, were evaluated for
detection of M. tuberculosis in clinical samples. Although the sensitivities of the PCR and
MTD appeared to be similar to that of culture with the MB—Check system, the two
methods based on nucleic acid amplification should be very useful for rapid detection of M.
tuberculosts infections without the long time required for culture of M. tuberculosis.

Epidemiological studies with techniques which allow differentiation of strains within
M. tuberculosis groups are important for limiting the dissemination of the disease. We
analyzed six groups of small outbreaks of M. tuberculosis infections by restriction frag-
ment length polymorphism (RFLP) analysis. Five showed identical fingerprints within each
group, but one which as also suspected to have a common source of infection showed
different banding patterns, emphasizing that RFLP analysis using IS986 as a probe is useful
in epidemiological studies of tuberculosis.

The Avi—3 antigen, which is found only in M. avium culture sonic extracts, is species
specific and results in strong skin test activity in guinea pigs sensitized with heat—killed M.

* From the Research Institute of Tuberculosis, Japan Anti—Tuberculosis Association, Kiyose
—shi, Tokyo 204 Japan.



528 %

avium. Its gene was cloned and sequenced. The gene encoded a 194—amino—acid polypeptide
with a molecular weight of 21,500. A recombinant Avi—3 antigen expressed in Esherichia
coli reacted with monoclonal and polyclonal antibodies raised against the native Avi—3
antigen. To identify epitopes on this protein, various parts of the Avi—3 antigen were
expressed as S—galactosidase fusion protein. A B—cell epitope (Asn—176 to Ala—186) and
two T—cell epitopes (Glu—75 to Ile—86 and Arg—155 to Leu—164) were thus defined. The
synthetic polymerized poptides of the T—cell epitopes were proved to elicit a delayed

% H69% 8

[=}

kel

cutaneous hypersensitivity reaction in guinea pigs.

Key words : MB-Check, BACTEC, Poly-
merase chain reaction, Gen—Probe Amplified
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specific antigen

F—7—X:MB-F =z v 7, BACTEC, KM%
fEa:, FERE O RFLP 47, M. avium FRHUR

FERETREARFDEE Dk, IERERMETIBEIE O,
BHRGIEEE OB & EFRE O, FEEARAOHK
¥, SEnE ORI E, bAEOEKOBRIEIIhET
ERAREIBHEDY LTE, THEAAR AT TS
% & HIVEHE (214 XEE) OHBERESKER
ML > TETEBY, BRI OENLERMEREE
DEFENEE TV,

1. BEMEI O ONBEOSHILE

SYATA V- 7EEEEEHW BACTEC &
B UORAREM & RREMO _MH» 5725 MB F = v
U ERERD S DINEHIE F WV B/NIETEREME» 50
PEEE O ERE X ORI E TIlcEd 2RI 2 RIE L
NS Y RF LD THEL 7P, 245 Bl D WEEE % L
HLT86 (35.1%) FlhohiBEMsE s (Table
1)e THHDS B 3 %B/NIEEYR 65 (75.6 %),

Table 1

BACTEC #5113 80 (93.0 %), MB F = v 7 =5
281 (94.2%) THY, WAEEEREE L2 VR
7 L ONBERN 3 BNIEERNERICE P 12 (P
0.0)o MB—F = v 7 |3 65 BEKGHME» S0 s n
72 37 Mycobacterium tuberculosis 78D 100 %
& 180 BREKFEMEM A1 S D 12 78R D 83.3 %AW L
foo —H, 3%B/NNEOKRHEISE89.2% & 50.0%T
B o teo THOLEEKGNE & BEMR OmEH S DY
HONEERIE, BAEZEBE L2 v 27 A0k S
DOIAERBE Lk v BshTB D, T oEIIERER
HPITEIOBEETH - 720

M. tuberculosis complex OB TICES 55
B MBF=v27T19.1H, BACTEC T13.4 H,
3%B/NINET21.9 BT -1, HEHIOEYIZ 3 %/NII
HET53%IcAHLNIN, MBF = v, BACTECT
B 1BLTFTH -7,

Isolation of Mycobacteria from 245 Sputum

Specimens in Different Media

No. of isolates (%)

Species (n)

3% Ogawa Ogawa K MB-Check BACTEC
TB (49) 39(79.6)  37(76.5) 47(95.9) 47(95.9)
MAC (31) 24(77.4)  26(83.9) 28(90. 3) 30(96. 8)
Other (6) 2(33.3)  3(50.0) 6(100) 3(50.0)
Total (86) 65(75.6)  66(76.7) 81(94.2) 80(93.0)

TB  : M. tuberculosis
MAC : M. avium complex
Other : Mycobacteria other than TB and MAC
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IhookERIE, KIAE2EBELAZMBF=v /L&
BACTEC ¥ 2 7 A DEERMED © O HUERE © 57 IE
ElIcEShTH BT EERELTVS, BACTEC ¥ X 7 &
B AR LTV 3 2w, [@HBOFR LD
FEOMBESH D AATEHERREICIY Ah 20 3RE L
Zz2on5h, MBF = v 739 TIIEL OFBERAE
wETHY AN SN, BIFREENE LTV S,

2. WERBIEEICL DREKEOTERE

2

T CHME, PCRIC&BVIBERES 2V BHEKEO
B OMEN SN TV 5,

bhbn i DEMADN M. tuberculosis complex
BT AEICE S h T BRT, 18986° DfidsicHE-S
Wiz A ) I L AF FEPCROILDDT 542 —L
LTHWEY, ERSEEROMTISHFOa -3 1
~19 L2t d B H, KEHOMKEIZS & 16 2 & —
OETH B oA Y ITXZLAF FOMAR
PCROEEZ L2 LTHEMTH S, I F VTN
THO e (ks 5 B A O o BE B ©, PCR 310
CFULIFTHMETH » 720 F 74EKE H3TRv 2> S
B 7 DNA #HWHABRTRRHEBRIZ 1fg TH D,
iR 1 EOEICHEAET 2 DNA BICHYT 5,

23 7 O [ R 0 1< B B2 1S BB BN O RRERRE H O 7o 3ABR
< 541 bp DNA 3 M. tuberculosis complex IZJ&9

'
|

<« 541bp

]
b 5
-

Fig. 1 Agarose gel analysis of PCR—amplified
DNA from two subsequent runs, using incorpo-
ration of dUTP and incubation with uracil DNA
glycosylase. Ten microliters of amplified M. fu-
berculosis and M.bovis DNAs (lanes 2 and 3,
respectively) from the first PCR runs were
treated with dUTP and UNG and used for the
second PCR runs for reamplification (lanes 4
and 5, respectively). Lane 1, Haell-digested ¢X
174 DNA as a molecular size marker.
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Stept : Primer anneals fo target RNA sequences

L reoro B Reverse transcriptase+

3 synthesize cONA strend.

Step3 : Reverse trenscriptase converts cDNAANA duplex
into tempiate for RNA synthesis.

Fig. 2 The target amplification reaction of the
Gen—Probe Amplified Mycobacterium Tuber-
culosis Direct Test

2HERfED» 5D DNA 2\ & 2D A PCR THIRS
N, {hiEkE» 5D DNA Tld PCR E#RZEH O
o,

PCREIGICBBDNATY S 3% —vavyDY —
ZELTWL ohEZ SN, £ DTS LRI HEIE
LEREDCE2EREPROREL Y —ZXATH S5, PCR
Kbk T dTTP ofkp v i dUTP 2V Ts PCR
EYR3Bond, TOHEREONLY SV IVEERT
DNA & PCR KJGHIZY 5 ¥V DNA 7)) av 35—
£ (UNG) toRtckhEeicnfEcE s (Fig.1).
ZD&Hic dUTP & UNG OfEHIc & D carry—over
AVYIx—Ya VERS I ENABEE L - oD, BA
#iid PCR RIS OFHRIE, ERME OLEE - DNA
%, DNA HIE - RIEZE D 3 E 2 LB Icd
BTEDNMETH D, BHTEIK BRELEd
DNA 7 V) —D b DZEEIFRIT S0,

HE O RNA oBigic RS W AREE BRI
too 1EOEICEET S ) £V —24 RNA tRNA) ©
SRR DNA O Licd 28z FOa e —o
1000 (20l ETH B, #NWAIEHE L TrRNA ZHL
BT EI3EEE LB ETHERNTH %, Gen—Probe #
ThHFShic RNA Mgk (MTD) OFEMIE Fig. 2
WiRLicEdiL, 794 — DM rRNANDT =—
W, WEEERERESB LU NTPs iIc &k 32 cDNA OARK, #
EERFEICLS cDNA & RNA OIEEEN O A
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Table 2 Comparison of Two Systems Based on Nucleic Acid
Amplification with Conventional Smear and Culture
Examinations in Sensitivity of Detection of M.
tuberculosis in Clinical Specimens

Sope

]

8

=,

=2

PCR MTD

Specimens

Positive Negative Positive Negative

Smear positive—culture positive
for M. tuberculosis complex

Smear negative—culture
positive for M. tuberculosis
complex

MOTT® positive in culture

Smear positive—culture
negative

Smear negative—culture
negative

Total

21 1 22 0
5 ) 7 3
0 18 0 18
1 2 1 2
5 7 4 78

32 103 34 101

a Number of specimens.
b MOTT, mycobacteria other than M.

DNA &K RNA £ A5 —+Fick 5 RNA &K
DEADDRTF v T 5185, HWIREYILEFCAERE
WMDNA 70 —T7Z2H0AENATYFAE—va v,
FaFsvaveTyvtA4 (HPA) HETHRHT 2, &
DHHERBIEDOZ 7 v 7 oREET1IAORULF 2 —
TTHEBRT A EIcky, a vy Ix—va vERNR
L TW3, MTD O 3 ERE AV THER L 7o
FI10MELITFTH - 7%,

Table 2 1z, Ffafk DNA bicE o ¥ —HET 3K
F (1S986) DEFNCES WX I LAF FET 54 < —
L LTHW/ PCR & MTD %, EEERMEHIIGH L&
XORMEER L, 135 FloEEBRBRE Nz, MB-
F = v 2 T3P SEKBESEREI N, NIERE
M3 U BT E ot BEEGH 2FORT, 29
#1113 MTD TREMEBE TS - 798, 3FIREETSH -
7o [EIREICEEEBGM: B D 75T 26 #i1X PCR Rk, 6
PUIEHT & - foo —HEEEREEMICOVWTH L E, B
Rt 4 Bl & Bk 1 HlooEt 5 62 MTD T, &k
Fatk 5 Bl & sbkRGH: 1 Blozt 6 fil PCR THMETH -
12o TRV h bEEKOERATRZRL T,
iR ETRE ORI S ni 18O EHE MTD &
PCR OfiE & baHTH - 1o EHEORHO DD
MTD & PCRO 2K D KE X, 91.9% (34/31) &
84.2 % (32/38) TH-tco FHBHABOZTHIZTLI
% (23/32), MB=F = v 7 WV 7B D RE 13 96. 9
% (31/32) T& » 1o T D& S ICHERMED S DEER
HoHDinDd MTD & PCR OEE 3, IRkEH% A

tuberculosis complex.

WL O RN TV, R AR E LR
EROVREREREIESTH -7 L LKEROBEIRIC
Eouriiskid, BEMED O EEEKES, Lrbd
HICHRHTE S 2 Eh s, BEEBHIVERENZHIC
BOLT, FICHIVBEELLEOBMICENTHA S,

3. Restriction Fragment Length
Polymorphism (RFLP) 4#7

RAE A 478 L R ORI, RYFE BT
3 LTEETH L, COBOEMODIYD, ThET7 7 —
DRIR| & HHIRSEWE ¥ 5 — ¥ DRV SN T X 7275,
FHEAICBHE R S S 5 12,

Juttfk DNA ® Flc 4 ofEfHEsa—FLTW3
BEFHHY, BFERIENENOBEFIR I~ -
BT 3, LrLzotic 2 Ll EHEAET HEAES
IS) bR-OM -1, FiBE TV 2hrfFEshTY
3, I 50 IS 13 DNA BESIOBICEN T 5 L E R
ohTHy, HREEQIMICHEENIASH, Rkl
DFEAIBALIC S EADBEL 5, TOXI I E—F
L, BB PR ONE T Eh D, FIFREER
TUIW % 7 Ao — REBXKETHBEL T~ % RFLP
Rt X DEMERICR T 2R 0RE] (HEA¥) »HlkE
L1323,

18986 = 71 — 7 & LI SIRD & 578 T & A5
SMICE NI, T 7 A EEGEEIR TS N
EETIRE AL T20 RFLP /% — IS
B 5N BB DOREBERIMEL, FEIE DRI 3 LAFT
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Fig. 3 RFLP analysis of epidemiologically related M. tuberculosis from

tuberculosis patients.

Groups 1, 4 and 5, the small outbreaks in the office ; groups 2 and

3, the small outbreaks in the school ; group 6, familial infection.

KA ZT EIC L 2R EZEI SN TVWEA S VS
THE S N EHREBEICEATY B, bAET
SIS LT RHUSRIIc SR A SN B0, [FH
—HIRA Ty — VHFRILTWAY, ToRRIZH
ATRA S v 5 EUNBERBSEZAMNIIEV &%
BACESTTW3 b0 EBbN b, A OEEIZE 221
STV, THIEEFVLO TRV, FFENTE
B SRR/ MR OEbOh I TE BT 0
ZFhofTel@—n % —vERL, HEBEBOBREFED
BEICRESTHS (Fig.3). EETHRAEL TV S
M. bovis BCG 7 7 F VAN B HTHAK, o
VTR, TS YN 3BRIENY RS2 AT ENRS I3
BCTH oD, XAV =N, 577, §4 R, AV =—
FY, aRUNA=F VKRR 2EKDS B 1 KDAKRES
Nt® o@D, EENER Y v OEEEMIC
DLBEMESIDREFIEHSHL TRV,

4. M. avium $BERE, Avi-3

KEiIcBWTT A ZEED S0 %L EIC M. avium
complex (MAC) EE0NAHLNTHY, HHEROH
MoELEdnEzolRIESICERFTE2bDEEZ S
nTWw3, BkEEICE VT = 4 Xk MAC Tl
M. avium 97 %) BEENEZZ EHDTVWE, T
complex IK/E 9 2 W12 %  DIFEEICEERT C
EoSIRENRETH D, FHHOBE &R SRR
DORFEBEEN TV S,

bhbn 3L OHRREICHT 5 €/ 7 0 —F Lk
AR, Zhoofifkic & v E#s h AR MERIC
SVWTHELEYY, oo 1o, Avi-3 &M%
Ju—VIZKDEEISNATAIZ M. avium & DHX
JIEL, FN7Z2nPAD 18 FEOHFRREEHERR & 3R IG
L% -7 (Table3 ), T OHAICX DRI N B
FUI ARG A RS 2 EB0hD, E5IKZDy v
W7 ZEIA-FLTLREEFO/o—=v 7 ERBET
RETERLY, Avi-3 v 7 31U DT ¥ V#
Mmooy, FHEINEATEIZ 2,500 TH -7, FHH
Ny 4 —pKK233-2 ZHWKBE TRIHS#5 vov
J3E) V0 —FIHREEH AT LD DML T 7 4
=7 4 —}EBS & SDS-PAGE THE Ufr@&Eic ik & h,
X)o7 o—FuilkBLUE, 7 o—FfilkER WL
YIRS —vToy b THEDY vy BHER SN,

THIFEZ Y b =7 A2FHRB 01T Avi— 3 BizFI13#
PREES SaudAl, Taql, HaellOK 4 TUMr & Nz, &
noOWiR% pUR N7 & —ic#ki L B—gal Bie s v
Ny ELTKIEETRES Y 2, 2hEFhDso—-vD
FHRARRIRIC D W T Y Y S BRISETEE 2Nz, 7 DFE
R7I/7BT5H» 5 86 (Tagl-SaudAD &7 ¥/ 8
156 7> 5 167 (Taql—Pst) ® 2 A AT ic THfE & b —
THEET A EBDh - T,

DT EESLITHERTRDIC2DDXRTF K, N
KANCHKT 52T F F GluTd 75 1le86& CAMlC
%G B2X7FF Arg 1559 5 Leu 164 #NK & CK
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Table 3 ELISA Reactivity of Three MAbs with 16 Species
of Mycobacteria

Reactivity® of clone :

Antigen®
Avi-1 Avi-2 Avi-3

M. tuberculosis

H37Rv >409, 600 =409, 600 400

H37Ra =409, 600 >>409, 600 400
M. bovis >>409, 600 =409, 600 400
M. bouvis BCG >>409, 600 >409, 600 400
M. kansasti 800 400 400
M. marinum >409,600  >>409, 600 400
M. gordonae 400 3, 200 1, 600
M. scrofulaceum 400 800 400
M. avium =409, 600 >409, 600 =409, 600
M. intracellulare >409, 600 =409, 600 400
M. malmoense 102, 400 >>409, 600 800
M. gastri 400 3, 200 400
M. paratuberculosts 6, 400 12, 800 400
M. lepraemurium 1,600 25, 600 400
M. phlet 800 800 400
M. smegmatis 400 3, 200 400
M. fortuitum 800 800 800
M. chelonae >409,600  >>409, 600 400

a Bacteria were grown in Sauton liquid medium, and the entire
mycobacterial culture was sonicated.
Microdilution plates were coated with 50 ul of mycobacterial
sonicate containing 100 ug of protein per ml.

b Each value is the highest dilution of mouse ascites fluids that
gave an Ayyy of more than 0.2 in the ELISA.

Table 4 DCH Elicited by Polymerized Synthetic Peptides A and B in Guinea
Pigs Immunized with the Polymerized Peptide or Avi—3 Antigen

No. positive for DCH/3 tested with :

Immunizing antigen Polymerized peptide A Polymerized peptide B Purified Avi—3

250 ug  125pg  62.5ug 250 ug  125ug 62.5ug 50ug Sug lug

Polymerized pep. A 3 2 0 0 0 0 2 2 1
Polymerized pep. B 0 0 0 2 0 0 1 1 0
Purified Avi—3 2 2 0 2 0 0 2 2 2
Control 0 0 0 0 0 0 0 0 0
75 86
Peptide A : EDRDAQVLGVSI
155 164

Peptide B : RNVEEVLRVL

iz Cys 21 B TAR Lic, BfIHEY o< Ml R ETER AR D, XTF N 15-86 13 S/ig/ml Iz,
Avi- SHEMmEC v 20 Y Yo HIER VT v 2 ~X7F F 155—164 13 10pug/mlic € — 7 Z/R LT 2
4 TRBETRE Sy v L0 TGRS TH SOAHERTF K& kR Avi- 3 URREEVE Y
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IhoDfFIEERE % SRR (BRERK,
IhH 8 (RBERFEEED, HlEn— (RMKEER
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THb,
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BRFRIEA LT, SUEICHRLW, Licd - TR
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TWb, & A, [UEXSHRE - BEEBD S v 7 0
BWOBRE THE RSN, 20D IREXHEbHERSN
FTAER, ThEHOTREBEEZ T LZOEED, E-
THRERREE B E N E VI HENSH B,

BREEP ORI T O & 5 BIRADORITIFA THLE
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