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Key words : Tuberculosis, Diagnosis, Im- F—0—X . %, BWnL 0 &k EHR
munology, Genetics, Therapy

v UEYZ b
1. VigEREEOHES
FIERTF-HiE GEt T B &FEHE)
2. FEEEIIICB T 2B T L¥OHESE Z OIRH
KO FElE (BEEEAMED)

* From the Department of Microbiology and Immunology, Shimane Medical University,

Izumo 693 Japan.



700

3. MM DS
Lk I (RAK1IA)

& M BB H1E

4. FUHERANOHIRF—5 — 7 v 7« v I RIEEED T
i iRl (BIREAMAEY) - )

Bt ic B I OESO By 7 2& LT ER
DAENEDHIFON, T o OWMFOHN EIFBROE
Zicow Ty, fEshi,

1. DiRERELOES

OBACTEC 460 TB System, Biphasic MB-—
Check 1z & % B R K O SR BE BRI /NIEEL D
bE-THBY, FHIBKBHEACB VW THEETH 2,
LOUETHETEOHREICHER T 28k TWE EE
bbb, @i, PCRICL BHEEME L D OREKED
B » RIESRHA SN TV EH, T OEHMEAEH
Shic, @bWETOEEFRE OREEIC M. tuber-
culosis complex BLUV M. avium complex H
AccuProbe Culture Confirmation Test A3 L2
DhBHM, TNOOREMYE, BEELLICI0%TH-K
v, ZoEHEMERS N, % DDH-Myco-
bacteria TIIEERIBERD 90 % AEERIGETH » o &
W9, @5 DEEEEINIZE T 18986 % W 72 RFLP 4y
OB RS DEIC B B O/NRITEIIC D W T
YR (A

2. FEREFFICB T BT LY 0L 2 DIGH

il 10 A RS FE AL B OB IZF 38T U WBHR2E R B
DFEATL > TELWHES NS SN, T2 TRIBE
BIRFEOESE, FIClBcT/e—=v7, FE.- X7
¥ —%ok, Bk DNA, 7523 F DNA BXLU
DB 7 » — ¥ DNA OMG&E T, A BIZT

LUV T ORR, 15 & DA OISR S T,

3. kSRS

FEAE DRI GE & FHRGIC B 1 2 IRGSBH MRS, it
BOXEEEHRT T Y v SEHROY Ty b, BICr/o
MRS o O REfR i CD4™ MG o BhRE & BERES L
L&, =707 —VOIRHLEREY A b hA v L
DBAEMEI IcTEEL~ 7 v 7 » — Y OMIIENEEICE
I7 % reactive oxygen intermediates ¥ & U reactive
nitrogen intermediates D%El, 51T AIDS &k
KOREIC > W T bERAINA SNt

4. FUFEEHINOMRF—5 =7y 74 v IEEEE
HT

IE BT 2 MACIE) mEOHREL LTI
Rifamycin #F&E{A, New quinolone, New macro-
lide #3% %, Rifamycin #FHE(KICIE Rifabutin,
Rifapentine S &E0dH Y, HHETIE KRM-1648 2
BR@® bicd 25, WIFnbEL LTMAC ZH{RE
LTHiTEh T3 6D TH S, New quinolones I
BB OEH PR EN TV B, WIFhbIEKE,
M. fortuitum Tt L TENIHEEWA2E T 5. New
macrolide, »T® Clarithromycin 13BN 7cHt
MAC &M% b2, #EHl% liposome, lipid micro-
sphere, microcapsule 7S EICHA < &E5F 2L
X0, JoBERIEEIREGEINE Y-Sy T4V
TEHEIC O WTIRAROBERIICHP PRSI h 5,



Kekkaku Vol. 68, No. 11 701

EosERE s vRIOY A

I. OO S

State of Arts (1)

L.t R ® R & & o # %
WO Tfs

KT BRSBTS
4 FH5 S A 16 H

ADVANCES IN DIAGNOSTIC METHODS FOR MYCOBACTERIA
Chiyoji ABE
(Received for publication August 16, 1993)

Two systems, biphasic MB—Check and radiometric BACTEC, 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
mycobacteria 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.

A total of 135 sputum specimens were examined by the polymerase chain reaction
(PCR) using oligonucleotides based on the repetitive sequence (IS986) of M. tuberculosis as
a primer. The PCR gave an overall positivity rate of 84.2 %, as compared with 71.9 % by
smear and 96.9 % by culture in the liquid medium, MB—Check. Although the sensitivity of
the PCR appeared to be similar to that of culture with the MB—Check system, the PCR
should be very useful for rapid detection of M. tuberculosis infections.

DNA probe technology facilitates a rapid and specific identification of microorganisms.
The diagnostic specificity and sensitivity of the nonradioactive Accuprobe M. tuberculosis
complex and Accuprobe M. avium complex culture confirmation tests were nearly 100%. The
results of the colorimetric microdilution plate hybridization test (DDH—Mycobacteria) for
identification of mycobacteria were consistent with those of biochemical identification.
About 90% of clinical isolates could be identified by the DDH kit. Both of these methods
may contribute to the rapid diagnosis of mycobacterial infections.

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
fragment length polymorphism (RFLP) analysis. Five showed identical fingerprints within
each group, but one which was also suspected to have a common source of infection showed
different banding patterns, emphasizing that RFLP analysis using IS986 as a probe is useful

* From the Research Institute of Tuberculosis, Japan Anti—Tuberculosis Association,

Kiyose—shi, Tokyo 204 Japan.
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in epidemiological studies of tuberculosis.
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1. BEMEL O ONBEOSBER

LHURREIE O 751 5 9 5 IEFEAG BRI AE D &I & 1
HrBEZTED, INOORIHENT VA VIZ§gnd
L, RN - BEEREEKESENIL TS L, B
KEEHER D S OEOEROE W C &, BeKH#EETIR
HIV Bt (24 XEE) ORBEEOZHGE L v
TEBE, HBHONMEREEEURINOITELEC
DORENERIN TV 5,

COME TR A EBEE L5 VA TA Y =7
fEEEUE A F W 72 BACTEC i 38 & Ul AR & X
B R 5755 MB F = v 7 LR S 0IREE

RO B/NIBTEREME D O ORBRE O 2 HERE LU
MthE CIcET AEBHEEAEL, ThO Y RTLADHT
H L PP, 245 Bl oA LEE L T 86 (35.1%) #
HOoMRERNE S (Tablel) THHDHH 3
% /N RS 65 (75.6 %), BACTEC k51 (& 80
(93.0%), MB 7 = v 7 iEGHEIX 81 (94.2 %) THD,
RS A B E L7 2 ¥ R 7 & OSYEERDS 3 %/ NI
LHARBEICED -1 (P<0.0D, kI I3EZ
I 3 %B/NIED A 2 BB S hvic, 86 YBERRD
35 49 ¥ki3 M. tuberculosis complex, 31 #kid M.
avium complex TH VU, TH 5 THROHEKRD 93.0 %
AEDTWi, MBF = v 7 & BACTEC ¥ 27 &3

Table 1 Isolation of Mycobacteria from 245 Sputum

Specimens with Different Media

Species No. (%) of isolates detected by the following method :
(no. of isolates) 3% Ogawa Ogawa K MB-Check BACTEC
75.5

M. tuberculosis 39 (79.6) 37 (76.5) 47 (95.9) 47 (95.9)

complex (49)
M. avium com- 24 (77.4) 26 (83.9) 28 (90.3) 30 (96.8)

plex (31)
Other myco- 2(33.3) 3 (50.0) 6 (100) 3 (50.0)

bacteria (6)
Total (86) 65 (75.6) 66 (76.7) 81 (94.2) 80 (93.0)

Table 2 Recovery of Mycobacteria from 245 Smear—Positive
and Smear—Negative Specimens with Different Media

Isolates (n)

No. (%) of isolates detected by

the following method :

3% Ogawa Ogawa K MB-Check BACTEC
Smear—positive M. tuber- 33(89.2) 32(86.5)  37(100) 36 (97.3)
culosis (37)
Smear—negative M. tuber- 6 (50.0) 5017 10083.3) 111D
culosts (12)
Smear—positive MOTT (18) 17 (94.4) 17 (94. 4 18 (100) 18 (100)
Smear—negative MOTT (19) 9 (47.4) 12(63.2) 16(84.2) 15(78.9)
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M. tuberculosis complex ¥4 EEFED 95.9 % A
L7hs, 3%/NIETIIINSDT9.6 %EKHLzIC
BEEM -1,

MB F = v 7 13, 65 BEKEHEMED S oS i 37
M. tuberculosis 47BfiRRD 100 % &, 180 EREKBEMEA KL
MmoD 12 5 8Eikk D 83.3 %A M L7 (Table2), —
5, 3%/NIEDRHEI1289.2%& 50.0%Tdh - 1o
BKGHA R S 03 BES N RS DT (MOTT)
18 ¥k D 100 %, A E S @ MOTT 43 Biwk 19 @
84.2% 3 MB F = v 7 BB¥ETH » 12745, /NIl
RIZM4%E4T.4%TH -1, THROEREEM LR
MR O E A © DUIRRE O /Y BEFRE, Wik E S L
fo2 v AT LRSS DUIAREE LB & 0
THD, ZOEBERBUFITLIOHETH -1,

M. tuberculosis complex DM F TlcH4 3
H#EMBF=v277T19.1H, BACTEC T13.4 H,
3%/NINET 21.9HTH » 1o HEHIDHEGIE 3 %/
HT5.3%IcA SNk, MBF =v 2, BACTEC,
INNKEEHITIE 1 B TH - 120

INhoDfERIE, BAEZHEBEELAMBF =y &
BACTEC ¥ 2 7 £ SEGIRMELD & D HiEEEE @ 4381 JE
HWICHENTHBT LERLTVWS, BACTEC ¥ 27 &
R B A S T - o BATHER R ICHD
ANDZOEREEEEZSNEH, MBF = v 7139 T
2 DFFEMRBETID ANSh22H %,

2. PCR & BREARMEIPORZEDIEL

T CHEM, PCRIC K 2HMEED 5 L I3EE DR
R OMEN SN TV S,

bhvbnidZDELEMN M. tuberculosis complex
KRERTA2HEEMSNTOART, 19986 OfLFlick->
WA ITX7LAFFE2PCROIHODTIA<—&
LTHW, BRSEROBTISHTOa E—$ud 1
~19 L&k DH B, KiB/rOkIZ 8 & 15 2 £ — DR
ThHaY thox)IxsLv4+F KOl PCR O
REE LS5 EchHESITH B, Y VT Iy s THIH
REEIEE R 2 H O 72 BB © PCR 13 10 CFU LIF
THETH > 7o F/, FEE H3TRv 2> SHEHIL 12
DNAZHWKHAB TR, RHMBAG 1fgTHD
(Fig. 1), Th iz 1 HMORICHFEET 2 DNA BICH
= gt P

23 FE O [i R BT o B2 73 G B D A HE IR & T L 72 3R
T 541 bp DNA & M. tuberculosis complex i@
ZRMEN LD DNA 288 E L 2DH PCRITED
WIS hions, thEREL» SO DNAZH VA E =it
PCR EYIIED SN - F,

PCRXINICBFBADNATIY S I x—Y 3 vDy —
Z2ELT, OfFhicyr vy 7oty 4y 32—
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vav, QEBRERENSOTS 2 I FORA, @LIF]
ICHEIE L PEIR 75 A = — DEBIAB R EMNEZ S
50, 20hT@MBEHELY —2TH 3, dTTP Of%
bz dUTP 2HWT b PCR EYIREONE, ZD
HEREONIcY 5 v A2 5T DNA 1 PCR KIGH IC Y
SYIWDNAZYavs—+ (UNG) LDRIGICELD
AR E NS (Fig. 2).

ZD &5 dUTP & UNG O ffiJic & O carry—
over IV F I X —va vERHC I ENAREL TS 5 1275,
RARNIZ 13 PCR UG OB, WERME o ALE

—541 bp

Fig. 1 Endpoint determination of the PCR
amplification of purified DNA.

Lane 1, Haell —digested ¢ X174 DNA ; Lanes 2 to
5, the products after PCR amplification of 1 pg,
100 fg, 10 fg, 1 fg and 0.1 fg of purified DNA
from M. tuberculosis H37TRv.

<541 bp

Fig. 2 Agarose gel analysis of PCR—amplified
DNA from two subsequent runs, using incor-
poration of dUTP and incubation with UDG.
Ten microliters of amplified M. tuberculosis and
M. bovis DNAs (lanes 2 and 3) from the first
PCR runs were treated with dUTP and UDG,
and used for the second PCR runs for reampli-

fication (lanes 4 and 5).
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DNA #liH%E, DNA HIE « RIHED 3 F AL 7 f
Bicd 3 ENMETH B, FRMATEK AL
5 DNA 7 ) —DbDEBIREL ST,

135 MRMBI DS ERBR S i, 32 IWEBEGIETH D, 50
BEEBYETH > 0, HEIRED S5 3213 M
tuberculosis complex & LT, 161& M. avium
complex EFESNIze MBF = v 7 T3LHI»o M.
tuberculosis T X 1208, /NN 24 Flicd
X1 oz, YEEGYE 32 flodhT 26 filid PCR BET
B o tod 6 Bl TH > (Tabled), —HE#ERER
MRl hT, ®EKEYE 5 F & BB 1 Bl 6 Flos
PCRBHTH - o Tho0fliZVEh bEEK DK
ATRER LT, JEREMHERRRE ORI S huic 18
DMK 513, PCREMRESNED -1, fEEO
B oD PCR O 2D RKE 3 84.2 % (32/38),
BHRRBROZ NI TL 9% (23/32) THoteo TDKD
12, BEERMED S OFERE OBRHD 72D PCR DRRE
W, IREEHb A O B L 0 BB T L, A%
HEE LAz 250 TR EL -2 UL
PCR #: 2 FRAE > O S5 2 EHE L H b Baduc iR
TEHIEHh D, HERBHVERINEHIcBVT,
o HIV BREE S EOBBICERITH S 5,

3. BEBOBREEEFA LCEEOERE

JEFER PR ERE O L B M. avium complex
(MAC) JEDEIEIIH 70 % T d b 4 4 BEMERI 5 %,
MAC 2@ 9 2R 13% < ofifEgRIchittEz /R4 T &h
5 MAC JEIC BV TIFEHIES M. kansasii JiE & 1352
BHRBESRONTWS, 20, MkEB XU
MAC ORI EETH %,

oK Hes B BT

Bergey’s Manual of Systematic Bacteriology®
ik hig, SEOSEIR A% EA DNA OMFEEICHE
MarB<HELINTEY, 120 60%LULED
DNA MHEMEE R SERESGTNE LT IELINREN
TW5, IR ZHRINEZE, EBIIANA T 54 € —
va Ik D EBEOEREESTEE 85, Tn—T L
LTt DNAEZHWAENL T ) FAE—va v
ErEREOBW T o - T EHWEHERS B, M
tuberculosis & M. avium complex DRIDERIE
Ptk DNA ZH WA 7Y 54 €= a VEDF
BT 3 &% Roberts 57 3G L, 51
Imaeda 5% &, —OPIEEE O MO % RO TK
oy OB ORE 3 24k DNA TT&E5 T L&
Lto —F, HEHE L TR DNADORDLDICY K
v —2 RNA (rRNA) W3 5#ENS 5, 1HEOKE
KT 5 rRNA O FHIESEA DNA O Licdh
ZEEFOIE—HKO 100 5L ETH B, il B
L LT rRNA 2HW\W3 RNA:DNA N 7Y 74—
voa viEd, e LTDNA 2403 DNA : DNA
NAT Y FAE -V 3 viEKDEORIEOHIFTE,
B ST h2ERMDB VAR IV EITH %,

Gen—Probe - TEIFE 7z M. tuberculosis com-
plex® & M. avium complex @I+ » b
R v — & RNA OB, 40 ~— 2
DNA%2 7o -7, Ly b THB, TNETOF
MRBTER T - TEHVTW kY, ORI
EHETE O A ERERRE R IR STV, DR
H S B E R & 7 7 ) Y =Y AT X T OVERHR
ULF v 27 &) b b, N4 ANF — FIERD
HTHES NI, M. tuberculosis complex #illEE

Table 3 Comparison of Polymerase Chain Reaction with Conventional
Smear and Culture Examinations in Sensitivity of Detection
of M. tuberculosis in Clinical Specimens

PCR
Specimens
Positive Negative

Smear—positive/culture—positive 21% 1

for M. tuberculosis complex
Smear—negative/culture—positive 5 5

for M. tuberculosis complex
MOTT® positive in culture 18
Smear—positive/culture—negative 1 2
Smear—negative/culture—negative 5 7
Total 32 103

a) Number of specimens

b) Mycobacteria other than tubercle bacilli
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Table 4 Identification of Mycobacterium tuberculosis Complex Isolated
from Culture Using the Accuprobe M. tuberculosis Complex
Culture Confirmation Test

Isolates (n)

Relative Light Units [Mean*SE (range)]

. tuberculosis (30)

. africanum (2)

. microti (1)

avium complex (15)
. kansasti (3)

. xenopt (1)

RRREREREE

. nonchromogenicum (1)
M..fortuitum (1)
M. chelonae subsp. abscessus (1)

376,156 = 4, 687 (329, 179 —441, 585)
407, 29248, 982 (358, 311 —456, 273)
401, 709

(1,116 —4, 726)
(1,941 -2, 296)

1,806+ 245
2,118 178
1,561
2,376
1,713
1,914

H7+2a70—-7%y bORRELRERIHNEE S 100
%Td -1 (Tabled)o 7 M. avium complex
Fy bDENSIZ100%BE 99 BTH -2, BIEHEE
TZDHESRETHY, 2B THREZERME SN
B0 LDLT v M ICRBERRK10° MOEMSSETH
D, TOFy F OEHIEEEICEON B, M, bk
ROMHDIETHRR Lt & 5T, AT HBE o
BRI B LTIt L VBT W B T EH S, T
DF oy~ EDHAADLEICL BTHEBW SFEETH 5,
Kusunoki 59 13, fE#fko bk DNA 2 <4
7a7bv—rLikhohba—-bLTEE, FhE7 s
bEA F VEEHRIK DNA OO ANA 7)) 54 €—v 5
YLD HBEREEAREST A1 70 7L — NEEB
F& L 7o DUBRBERLAETR AR O M BIUE % Table 5 12
Rltco TDF v b OfHICE D PR 18 EREDEE
WAEEETH D, 4~ 6FERLINICT RTOTRESK T,
FEMRBFOND, 7= 2 TIMITHEWRIE L 7 BEER
kD & 538 S h B ERRD 80 %L Eid, T DAHETHE
EMAIRETH 2, L LOBOERETIE, MR 50k
B LA ECH-ORE LS L CERIEE S hi
kD hic, DNA THIOER & L CEE S N 5 Ekk
BRI > TS, WENICYH 7941 7hH 300, b
5 W ERFEAN TSR st ic 22t L T 3 o h
BEXBHSPTREL, SBORTAVBBETH 2, *v
FOBEICHD, BB OREEICL D DNA DHK
FIREHLPLTVHDEZEITHEVLDEND B, TN
B, DNA OO ic 3BIERBOEEMH S < &
PEETH b, FEREEERBT LD 7Y
FA4€—va VRELBMZESTERIEE S0,

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

AL 538 L e BRR D BIBING, YR 2 B

5 LTEETHZ, COMODAMDIYD, ThETT7 7 —
VIR & SRR < 5 — v DAV SN T & 7025,
ST A S 1 - 12,

Rafk DNA O Lic3fx oz - FLTW3S
BIZTHHY, BHERIENAENOELEFIRLI~23E—
BAET 3, L LEothic 2 [l EEET 34 ARS
(IS) bHR-om 1, PIBRETH W oG ShTL
%, T 5D ISE DNA HEFIOBICHEN T 2 &5 X
SNTHO, MREERIMICHEBSR SN, kL
DAL SEALMBEL 3, TOLS IR —F
L, AL SN RONE T &0 D, HIRMES
TUM®R 7 7o — 2EBXUKEITHBEL THFH~ 3% RFLP
fEmic kv, EKERICET2EOMA| (LK) »H
&3,

IS986 % 7’1 — 7 & LI &, IRDL ST &8
oD IZE NI, 77 A1 EEGEEMIR THBEX
FAERB OB TId % D RFLP /¥4 — VI EiiEd & 5
N2 DFEKEORERME L, FERIE O K 13 LIRTI &
PAEZFEICLIEREEZIOSNTVWE A 5 Y ¥ TY
HENEHREERICEATHEY, bEETHEIN
TEERBRIC D O T IHURR Ic 2 A SN B 55, Fig. 3
R Lc &k D i|—HUBN T I3/ — v SR L TW
P TORRE, BATIEA T VY EHANRBEREEHH
SHCEV I LABICES I TVWE b D EEbN 3, i
MOE IR E LS M TRIVY, ZRHEEEVLDT
[EEANA

FEPHIRED O, HRRG/ MR RO bW
T, 2L RTNThoOMTEL El—n/v% — v %KL,
HBORPFOBREICIBENTH 3 (Fig. 4). M.
bovis BCG #+ 7 X + LA VITHAR, vv7hk 7
TYVNMRIRNY B 2RTENRS 3ILETH B (Fig.5)
B, N2y =R, 750 R EMOKIZ2 A0S B
1ADABBRIEENBY, TOBOHBEYEREL & v o<
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Table 5 Identification of 18 Reference Strains of Mycobacteria by Microdilution Plate Hybridization Method

Relative relatedness (%) with the following organism :

v 3
3 o0
g £ %
Immobilized organism E ST~
. g . 5 F 8
B S 3 Q 5 3 5
S = & 3 3 3 § £ o o 5§
8 2 3 gy 3 §5 8 g . o8 5 g 83 2 8 %
P2 § 5 3 £ 38 » § 3% &% 88 F 8 88
S 3 § 3 £ £ §5 3 % & % 3§ £ F R Y R O} OS
22 8 £ 3 38 98 388 &8 R IR LT N
S 8§ §5 5§ 8§ 5§ §5§55F 5555 5+5 S
2. M. bovis 00 100 - - - - - - - _
3. M. kansasit - - 100 - - - - - - - 54 - - - - ¥ - ¥ -
4. M. marinum - - - 100 - - - - = = = = = - = = = = -
5. M. simiae - - - -0 - - - = === === ===
6. M. scrofulaceum - - - - -0 - - = - == === ===
1. M. gordonae - - - - - -0 - - === === ===
8. M. szulgal - - - - - - - 100 - - = = = = = - = = -
9. M. avium - - - - 31 49 - - 100 58 - - - - - - 3 4 -
10. M. intracellulare - - - - - %8 - - 4 100 - - - - - - - - =
11. M. gastri - - % - - = - - = =100 - - - - - - - -
12. M. xenopi - - - - - - - - = = =10 - - = - = = =
13. M. nonchromogenicum - - - - - - - - - - - - 100 4 - - - - =
14. M. terrae _ - - - - - - - - - = = =100 - - == -
15. M. triviale - - - - - - - - 4 = = == =100 - - = -
16. M. fortuitum Tt (U N
17. M. chelonae subsp. e T | I
chelonae
18. M. chelonae subsp. T T (1| B
abscessus
19. “M. peregrinum” T« B (/1]
= : less than 30 % (Kusunoki et al., 1991. J. Clin. Microbiol.)
7 DEAEMICEL AL EIDLRELHSHTIEL, « "
5 EHED/NY Fid M. tuberculosis 1A HNIEWT
s, M. bovis (BCG) & M. tuberculosis &®D 1) Abe C, Hosojima S, Fukasawa Y, et al. :

ERCHEYMTS %,
5. ZothoRER

3 a—EgD HPLC /¥4 — »1? L 2ERIEHRO A7
27Ny —vDaAVEa—§—R a RS, B
BERN Y v 7 BXUE/, 7o —F BRI EICL D
BREOREE, &5VIIKRHE LIk 3IMES OH TDM
Pt o fIE I £ 2 HBREEOBET® 72 L5 L WRE
HEORFELEDOLNTE TV S,

Comparison of MB—Check, BACTEC, and
egg—based media for recovery of mycobac-
teria. J Clin Microbiol. 1992 ; 30 : 878—881.
2) FET-AE, MBRT Bk X 2 TRE OB
H2Wr, FER%. 1990 ; 67 : 781 —786.
3) Kolk AHJ, Schuitema ARJ, Kuijper S, et
al. Detection of Mycobacterium tuber-
culosis in clinical samples by using poly-
merase chain reaction and a nonradioactive
detection system. J Clin Microbiol. 1992 ;

30 : 2567—2575.
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Fig. 3 DNA fingerprints of M. tuberculosis isolated in the Kanto district.
Lanes 1, 2 and 3, isolated at A hospital ; lanes 4, 5 and 6, at B hospital ; lanes 7
and 8, at C hospital ; lanes 9, 10, 11, 12 and 13, at D hospital ; lane 14, at E

hospital, respectively.

G‘O\Q Qio\&

i B |

12,216
11.198\\\_
10,180i§§:
9, 162—=
8,144:§;:
7,126

6, 108
5, 090

& ‘O\)Q

e

3 %
S\ Y Y
O O A C S

(.

LW

|

Fig. 4 RFLP analysis of epidemiologically related M. tuberculosis from

tuberculosis patient. Groups 1, 4 and 5, the small outbreak in the office ; groups

2 and 3, the small outbreak in the school ; group 6, familial infection, respec-

tively.

4) Takahashi M, Kazumi Y, Fukasawa Y, et

5)

al. : Restriction fragment length polymor-
phism analysis of epidemiologically related
Mycobacterium tuberculosis isolates. Micro-
biol Immunol. 1993 ; 37 : 289—294.

Abe C, Hirano K, Wada M, et al. : Detection
of Mycobacterium tuberculosis in clinical
specimens by polymerase chain reaction and

Gen—Probe Amplified Mycobacterim Tuber-

6)

()

culosis Direct Test. J Clin Microbiol. 1993

(in press).
Jonson JL Nucleic acids in bacterial
classification. Bergey’s Manual of Syste-

matic Bacteriology. 1987 ; Vol 2, pp. 972—
975.

Roberts MC, McMillan C, Coyle MB : Whole
chromosomal DNA probes for rapid identi-

fication of Mycobacterium tuberculosis and
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8)

9)

10)

1D

12, 216,
11, 198,

\1 2 3 4 5
10, 180\

9,162—=
8,144~

T 1267:
/_

K F 8B BT

8 9 10 11

12 13 14
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PROGRESS AND APPLICATION OF MOLECULAR GENETICS IN THE
RESEARCH OF MYCOBACTERIUM TUBERCULOSIS
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In the last decade, a great deal of advances in the genetics of Mycobacterium tuber-
culosis have been made by the introduction of new genetic technologies. In this review, a
brief discussion of the progress in mycobacterial genetics, especially, gene cloning, develop-
ment of host—vector systems, structural analysis of chromosomal DNA, plasmid DNA and
mycobacteriophage DNA, IS element, and drug resistance mechanism was presented.

Key words : Mycobacterium tuberculosis,
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elements, Sequence
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analysis, Drug resistance mechanism
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Protection and pathogenesis of tuberculosis greatly depend on specific T lymphocytes.
Recent evidence suggests the existence of at least two pathways of acquired specific
resistance to M. tuberculosis infection : The first consists of cytokine—mediated activation
of infected host cells by protective CD4" T cells, which are currently believed to mediate
antimicrobial activity via the release of macrophages activating cytokines such as IFN
—7 and TNF—a. The second involves the lysis of these infected cells by cytotoxic effector
CD4" T cells, which is class I MHC restricted, requires cell-to—cell contact mediated by the
ICAM—-1 and LFA-1 ligand pair, and appears to be independent of lymphotoxins and
through the direct cell interaction by adhesion molecles such as LFA—1 and ICAM~-1 but not
cytokines.

On the other hands, 76 T cells might be part of the primary response to infection with
live M. tuberculosis. 70 T cells have the potential to express cytotoxity for mononuclear
phagocytes pulsed with mycobacterial antigens, and are capable of secreting a variety of
cytokines, including IL—2 and [FN-7.

Intracellular killing mechanisms by activated macrophages are still unkown. Recently,
increasing attention has been focused on the role of NO as a mediator of a number of
physiological reaction. Activated macrophages appear to exhibit some antimicrobial actions
as well as antitumor effects via generation of NO, which depends on the L—arginine oxida-
tion pathway. However, it is still unknown whether or not human macrophages generate
NO radicals.

Active tuberculosis is now recognized as a frequent and serious complication of
infection with the human immunodeficiency virus (HIV), the causative agent of AIDS.
Defects in T lymphocyte function result from direct HIV infection of cells expressing the
CD4 epitopes, and can severely limit the production of macrophage activating cytokines
capable of inducing an anti—mycobacterial state in cells of monocyte lineage. In addition,
macrophage themselves are susceptible to HIV infection, and have been shown to be

* From the First Department of Internal Medicine, Kumamoto University School of Medicine,
Kumamoto 860 Japan.



716

f OB 68 &k WIS

defective with respect to a variety of host defense functions. Thus, HIV infected individuals
underlies the unique susceptibility of HIV infected to tuberculosis.

Key words : Cellular immunity, Cytotoxic T

cell, Intracellular Killing mechanisms, AIDS
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bEPPEETHEEEZONTVEY, ThoOREKE
i3, MRICEET AHild~s 07 » - ViIckbERS
NEHE, WES N3, UL, BEEOBBZ»-12D,
HAHVEBINBOEAICR, BEER< /v T —Y
NTHEL, v/ 07 »— V2L TS SIchkRE
5 (BREDKIL)o

ARG % 72D I KB & » BERASEE L TR %

il

BATHN, TO<r o7 r— VRKEERNICYEETH B
EORBE LBV, ThoDghE<r 07 7 — IhkE
NHZRET 5 Ii3, KREMITTEL S h 2 LEEH
HB, ZDBREERTONTHIRTS 5, ¢48b5L, T
MRIZTE L LT ) vk A VEEEL, TOY vkA
4 vick - TEHILa = 07 7 — U DEEREERK
B, RT3 T ik 0 AR IZSEE RN EPY,

—%, WA kT B & RERE IR S DITmiTHED
5 Yot T B0, Y v oNEI TR THIRS <
07y —Vick Rt s N HEEZRE L TiEM LS Y,
et E DR B —BERRAL L 7o Mlifa i S s
BAOHOEHTHEE L, WENITEE L CEKESS
B ENDHBEE L THREMSEC S (WREREY,

TH#HREY Ty b

207y —VREMEAERL, DUREMIRIC IR
AL, ThzETHRNERT 5, CO5G, THIKH
BYyr+7%— (TCR) #frLT=/ v 77— YOh
Fis#E 5 & 5, THlOEE LI, w7077 —
UMNEET B IL-1 BMETH 5, IL-1 13 THikaZH]
ML TIL-2 0FEARET, THila» SEASh IL-
213, X5 THlEOMEER T, THa»sERILT 2
t=ru7 7y —VOMEERL, HESD 5 KRHER
F, THbLY vRAA vEEET S, TOXD G
T4 — KNy 22k, & SICHRERIEDETS 2070,

D& DI, EMGEEOARREG THIREAHE > TV 5,
COTHIKE (CD3Y) & & 5ic CD4Y il (~vs¥—/
4 vFa—%) ECD8 #l (& T vy H—/F5—)
TSN B, CD4' Ml & S ICHEREIRGL I B 72
ER %S % THIKE (CD4™ BRYEphfE THIkD) & HEHT
BEAEEET S22 07 7 — IR MEMCER T 5 TH
fa (CDA* fRBAREE M THIKD 1w oh 3P, f1,
THik L€ 7% — (TCR) Qfi»5d af THIKIE 70
THIKE DS B, T T TREEMGEICE W CREEEEE
1o TWB CD4" Btk T#ifa, CDA™ fifakE
T HIR B & O CD3* o THIfRIC DLW TIN5,

(1) CD4" YA T ffa

THIFOEREICB Y 23 %E 5 5 &, CD4™ THl
BaAsis B IR 2 S IBBIE 2 TIES A LTV B D
T, CD8* Ml iR ic D AFLET 5 T &b,
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Table Percentages of Cells in Tuberculous Granulomas by Phenotype

Phenotype Mean (range) Pattern®
CD3* 61 (50—75) A (throughout)
CDh4* 48 (40—-60) A (throughout)
CD8* 6 (5-10) B (surrounding)
CD45R™ (naive) 7(2-15 B (surrounding)
CDW29" (memory) 69 (45—80) A (throughout)
CD45" (memory) 54 (30—170) A (throughout)

a)Pattern A indicates that positively stained cells were distributed
throughout the granuloma. In pattern B, positively stained cells

were restricted to the mantle surrounding the granuloma.
(Barnes PF et al J Immunol 142 : 1114, 1989)

No. of mice

7 -

6 —e— depleted CD4" cells
—o— depleted CD4" & CD8"

5 < cells
=0 depleted CD8" cells

4 4 —a— nondepleted &

thymectomized
34 —&— nonthymectomized
9 normal

0 T T T

o

[

0 20 40 60 80

100 120

Day of survival (Leveton C et al Infect Immun 57 : 390, 1989)

Fig. 1

No. of mice

10 A
94
8 4
74
6
54 —bA— TNF-a
4 —a— IFN—7
3 —0— IL-2

94 —o0— diluent
14

0 T
0 5

10 15 20 25 80 35 40 45 50 55 60
Days of survival

(Denis M J Leuko Biol 50 : 495, 1991)

Fig. 2 Cytokines in Tuberculosis

ERREOXEEEZ I LTV 3 THE CD4 MlaTH
B EMNbh B, £, memory THZIZHREDHL
HICHERT 2D LT, naive THIMIZIZEHIZAH S
N3 (Table)®s = 2% M EEKELE F LIZBD

T cell Subsets in Tuberculosis

Protective
CDA4 cells
IFN- -
J TI\?{;_Z Intracellular killing 4}
GM-CSF
NO radical
0, radical
Activation lysosome
Young
macrophage Activated macrophage

Fig. 3 Cytokines and Macrophage Activation

T, i CD4" fitk %25 L T CD4" fifaxkrksnic
< v R EEMET B DIkt L, $iCD8" HifkEH T
CD8" fifa% B4 L T bR OBBRICIRA O %
Bziswzeros, CDA" MlBOEEEAA S C &M
T&3% (Fig.1)%

EMREOE TR THEOA RO FIELENLHA b
A VHBEESNED, BRERETF VY 2IZBVT
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IFN—y, TNF-a %#i%5 & 083tz i
nN3oicxtl, IL-2%2#5 L IEA I3 T ORENE
ol s (Fig.2) 25, FEKELAHEICERE
Y4 A4 vk IFN—y © TNF—a TH 5T Ehb
»B0, i, Bk B LS5, IFN—y, TNF-a,
GM-CSF 3~7 o7 7y —VEEMILEERERD TO
FEAREARE® B T &A% in vitro KBV THIGATWS
(Fig. 3)W¥, F#, IFN—y k=207 »—Yick

oK mes s ®1lS

% Specific Release

507 Clone : 2P4AT

| 1:1E/T ratio

40
10 : 1 E/T ratio

30+
20+
10

0

none PPD Antigen M. tuberculosis

% DR/Ia & 2 H¥ins & REI0E AR EE 5
- Jar = (Boom WH et al Infect Immun 59 : 2737, 1991)
THILBAONTWS,
(2) CD4" fmiapEEi: T Mk Fig. 4 Monocytes Infected with Live M. Tuber-
Bt CD4™ fmiapE =it T a0 GBI B 515% culosis as Targets for CD4" T—cell Cytotoxicity
% Cr release
60
50 E : T ratio
40 20:1
30
20
10 i ud
A 11 §/|ﬂ§ %
== RRN - ¥ = + = ps
Unmanipulated | Sham depleted I CD4 depleted | CD8 depleted
(Pithie AD et al Thorax 47 : 695, 1992)
Fig. 5 The Effect of Depleting CD4" or CD8"
Lymphoblasts Respectively, on the Ability of
PPD Stimulatedeffector Cells to Kill Autologous
Macrophage Targets
HHBEBEHTTVWBEY, $4bb, &oh U HEKE Cytotoxic
AEASH< 07> —V%"Cr TEE#MLLH EIE CD4 cells

ALY voNERE & bR T B L, v/ T =YY
YRR DEEINICr OB RS>0 B (Fig.
4HP, T OB CDA Yk T ) v N BRENIES B &%
DIERME LLIET T 2 Dicx LT, $iCD8" Hifku
BTREBENWT Eh S, TOBR SN 2 MAEEE
i CD4A* il TH 52 L hbhr s (Fig.5)% T
CD4" fHfamE = THlEO/EM I, $1IFN—7 difk, Bt
lymphotoxin §ifk, &3 Wi TNF-a Yk TuLiE
LT hil%kEd, B ICAM-1 ¥k LFA-1b ¥k
THLIEG 5 EK7ET 5 &5, BENTEN LI
FAOBEEEHTH D, ¥4 A4 Y IEBS L TR0,
CD4" i fapsEw: T MR DR YBA NI 35 1 5 1)

ELTREMEE b I PN TRELBLTVWR SIS
BEAL~ /07 > —VAREET S LICLDIEKE
ARt s ¥, T ORBICERET ATEEL< s
7y =V BEIEIEICLDR IO T » =Y
LRRE, WAL DBRCS I IEMNEILND

Adhesion

< molecules

Macrophage

Fig. 6 Mycobacterial
Cytotoxic T cells

Antigen Specific CD4"

(Fig.6)o LM L ZOMFIE—F TIIMIZEEEIC L 5
2R S L TVW B T EMNEL bN B,

(3) CD3"ys THEk

THIKIC 1 af THIREL £ 7% — (TCR) &I
Lyo THIKE L & 75 —(REMIENSH D, KRG
wwid, FaL&5ic, CD3", ap*, CD4*, CD8”
THMEAEREREZBZLTVE I EBHONTWED, 70
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2,500

(Boom WH et al

None 10° Live 10" Live10°Dead10'Dead PPD Tetanus

CD4

Infect Immun 60 : 3480, 1992)

Fig. 7 Proliferative Response of yd T cells and

THEOBRENC D W TIIRIEAPLZEBLZ VW, L LK
EOHETIE, FIEEFERENIC 6 THIRA NS
305, BRI IEMNEABWT &Y, Zors TH
faoBMZERTA S MERES TRALSABVI E
(Fig. T)®, TP <27 07 7 — Y O & G
CHLEREEDY A b h4 v (IL-2, IL-3, IFN—7,
TNF-a, GM-CSF) Z%EEHd 5T &, MlEREEIE
HEET 5L, 72ED SRR OBFEIER O F &%
BLTWBEEEZ OGNS (Fig.8)P®, LaL, 16
T#fdld memory HREZ R/ 9", HEFRLRFORHE
KRB LALED NV Eh S, ZOEHERSL
THIHERNTHEEEZON TV S,

7907 7—OMBAREDOS FH#F

HMGaEOERES TR TMETH S LI T
IR T A, BARHNICREREE 2, WS 2 0 37EHE
k=207 —-YThH0, LEkh-oTwsu77—YD

Bacteria (x10° CSF)

CD4" T cells to Mycobacterial Antigens

M. tuberculosis

Macrophage dependent / (whole, but not soluble)

MHC not restrict

70 T cells

Function

| Cytotoxicit}d
target cell lysis

| Cytokine releasel

IL-2, IL-3
IFN-17, TNF-a, GM-CSF

Fig. 8 Activation and Function of CD3" y6 T
cells

TEMEAL & MBI R ORI I3 S b TEETH %,
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100 [
10 | - -
1F - —e—pH S5 i
1 == pH 7
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(Doi et al Infect Immun in press)

Fig. 9 Difference in Susceptibility among Three
MAC Strains toward Nitric Oxide Produced by

Acidification of Nitrite
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Proposed interaction of T lymphocytes and macrophages at a
nidus of mycobacterial infection in the HIV setting
(Rose RH Bull Int Union Tuberc Lung Dis 66 : 15, 1991)

Fig. 10 TB in the AIDS Setting : Shematic
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FEIZ— D 500 f5Th b, HisEEH AIDS HET 70
%V L, HIV BRET25-45 % L@V, v RKIGETEE
D 5 BIGBMAERIC L B ERYEE 8 Bic b ks, /e,
Y RGO T &2 WP, AIDS B OKE Xl
i (BALF) thic iz CD4 ISR D L, b
T CD8" fHfas#EMmL TWa T ERMOSNTVWS, &
NS CD8 flfEl, Bigtes 07 » — Vi LTHE
fapEEric @ x, MEFMELZETSETCVWsb0LE
2503 (Fig.10), TD & 5% AIDSHEEITA LN
BENG ORI, FERERBG R R O B SRR I &L B
HERTH 5,

EbHY IS

SR TIEF D Lo fiRER s, AIDS O
HEI X D HUBIERICH 5, AIDSEBEICALNS
ERIERERD b0 & 3RS £EEREETH D, KA

O HEesE WmIlE

PITRDRT VR ERTELHEETH S, TXIT,
BB 2 0BEOER S 2 WMFEITRTAELHKETDH
3, INODRBEALIREICD 5 BHFICOHICHRELNT
5942300, 5BORERERIRETDH S5, AR
77 F OB ED IAEKTEOMESRUITSH 5,

X ik

1) Wiegeshaus E, Balasubramanian V, Smith
DW : Immunity to tuberculosis from the
perspective of pathogenesis. Infect Immun.
1989 ; 57 : 3671-3676.

2) Edwards D, Hirkpatrick CH
nology of mycobacterial diseases. Am Rev
Respir Dis. 1986 ; 134 : 1062—-1071.

3) Dannenberg AM, Jr. : Immune mechanisms

: The immu-

in the pathogenesis of pulmonary tuber-
culosis. Rev Infect Dis. 1989 ; 11 : S369—-S378.

4) Piessens WF :
nology of tuberculosis. Rev Infect Dis. 1989 ;
11 : S436-S442.

5) Kaufman SHE
cellular mechanisms involved in immunity
to tuberculosis. Rev Infect Dis. 1989 ; S448—
S454.

6) Collins FM : Antituberculous immunity :

Introduction to the immu-

In vitro analysis of the

new ‘solution to an old problem. Rev Infect
Dis. 1991 ; 940-950.

7) Orme IM, Miller ES, Roberts AD, et al. : T
lymphocytes

mediating protection and

cellular cytolysis during the course of

Mycobacterium tuberculosis infection
evidence for different kinetics and recogni-
tion of a wide spectrum of protein antigens.
J Immunol. 1992 ; 148 : 189—-196.

8) Barnes PF, Mistry SD, Cooper CL, et al. :
Compartmentalization of a CD4" T lympho-
cyte subpopulation in tuberculous pleurits.
J Immunol. 1989 ; 142 : 1114-1119.

9) Leveton C, Barnass S, Champion B, et al. :
T—cell-mediated protection of mice against
virulent Mycobacterium tuberculosis. Infect
Immun. 1989 ; 57 : 390—395.

10) Denis M. Involvement of cytokines in deter-
mining resistance and acquired immunity in
murine tuberculosis. J Leukocyte Biol. 1991 ;
50 : 495-501.

11) Nakane A, Minagawa T, Kohanawa M, et
al. : Interactions

between endogenous



1993 #£11 A

12)

13)

14)

15)

16)

1D

18)

gamma interferon and tumor necrosis factor
in host resistance against primary and
secondary Listeria monocytogenes infec-
tions. Infect Immun. 1989 ; 57 : 3331—3337.
Chen Y, Nakane A, Minagawa T : Recom-
binant murine gamma interferon induces
enhanced resistance to Listeria monocyto-
gens infection in neonatal mice. Infect
Immun. 1989 ; 57 : 2345-2349.

Denis M

granulocyte macrophage—colony stimulating

Tumor necrosis factor and

factor stimulate human macrophages to
restrict growth of virulent Mycobacterium
avium and to kill avirulent M. avium :
killing effector mechanism depends on the
generation of reactive nitrogen inter-
mediates. J Leukocyte Biol. 1991 ; 49 : 380—
387.

Ab BK, Kiessling R, van Embden JDA, et
al. : Induction of antigen—specific CD4*
HLA-DR-restricted
phocytes as well as nonspecific nonrestricted

cytotoxic T lym-
killer cells by the recombinant mycobac-
terial 65—kDa heat—shock protein. Eur J
Immunol. 1990 ; 20 : 369—-377.

Boom WH, Wallis RS, Chervenak KA
Human Mycobacterium tuberculosis reactive
CD4" T—cell clones :

recognition, cytokine production, and cyto-

heterogeneity in antigen

toxicity for mononuclear phagocytes. Infect
Immun. 1991 ; 59 : 2737-2743.

Pithie AD, Rahelu M, Kumararatne DS, et
al. : Generation of cytolytic T cells in
infected by Mycobacterium
tuberculosis and vaccinated with BCG.
Thorax. 1992 ; 47 : 695—701.

Griffin JP, Harshan KV, Born W, et al. :

Kinetics of accumulation of 78 receptor—

individuals

bearing T lymphocytes in mice infected with
live mycobacteria. Infect Immun. 1991 ; 4263
—4265.

Boom WH, Chervenak KA, Mincek MA, et
al. : Role of the mononuclear phagocyte as

an antigen—prsenting cell for human 73 T

19)

20)

21)

22)

23)

24)

25)

26)

27)

721
cells activated by live Mycobacterium
tuberculosis. Infect Immun. 1992 ; 60 : 3480—
3488.

Barnes PF, Grisso CL, Abrams JS, et al. :
76 T lymphocytes in human tuberculosis. J
Infect Dis. 1992 ; 165 : 506—512.

Follows GA, Munk ME, Gatrill AJ, et al. :
Gamma interferon and interleukin 2, but not
interleukin 4, are detectable in T cell cultures
after activation with bacteria. Infect Immun.
1992 ; 60 : 1229—-1231.

Denis M :
rine macrophages inhibit growth of tubercle

Interferon-gamma—treated mu-

bacilli via the generation of reactive nitrogen
intermediates. Cell Immunol. 1991 ; 132 : 150
—-157.

Flesh IE, Kaufmann SHE : Mechanisms in-
volved in mycobacterial growth inhibition
bone

by gamma interferon—activated

marrow macrophages tole of reactive
nitrogen intermediates. Infect Immun. 1991 ;
59 : 3213-3218.

Chan BJ, Xing Y, Magliozzo RS, et al. :
Killing of virulent Mycobacterium tuber-
culosis by reactive nitrogen intermediates
produced by activated murine macrophages.
J Exp Med. 1992 ; 175 : 1111-1122.
Doi T, Ando M, Akaike T, et al.

to nitricoxide

: Resi-
stance in Mycobacterium

avium complex and its implication in
pathogenesis. Infect Immun. 1993 ; 61 : 1980—
1989.

Goodman PC : Pulmonary tuberculosis in
patients with acquired immunodeficiency
syndrome. J Thorac Imag. 1990 ; 5 : 38—45.
Barnes PF, Bloch AB, Davidson PT, et al. :
Tuberculosis in patients with human
immunodeficiency virus infection. New E J
Med. 1991 ; 324 : 1644—1650.

Rose RM : Immunology of the lung in HIV
infection : the pathophysiologic basis for the
development of tuberculosis in the AIDS
setting. Bull Int Union Tuberc Lung Dis.

1991 ; 66 : 15—20.



Kekkaku Vol. 68, No. 11 723

O EMEL VRS A

1. &I OES

State of Arts (1)

4. FriERHINONRGE — 5 =7y 74 v IBEEED T
(i =

B

ERERIRSAMAY) - i
2 ERSE8AL6H

EXPECTATION OF NEW ANTITUBERCULOUS DRUGS AND TARGETING
THERAPY FOR TREATMENT OF MYCOBACTERIAL
INFECTIONS

Haruaki TOMIOKA *
(Received for publication August 16, 1993)

Recent AIDS endemic causes the worldwide increase in intractable mycobacterial infec-
tions including extrapulmonary tuberculosis due to drug resistant organisms and
disseminated Mycobacterium avium complex infections. Therefore, new antituberculous
(antimycobacterial) drugs and development of regimens and protocols for clinical
treatment of such mycobacterial infections are urgently needed. Here, I described the
present situations of new antituberculous agents, in particular new rifamyecin derivatives
including rifabutin and benzoxazinorifamycin (KRM-1648), new macrolides such as
clarithromycin and azithromycin, and new quinolones including sparfloxacin, ofloxacin,
ciprofloxacin, fleroxacin, AM-1155 and so on. Their in vitro antimycobacterial activities,
therapeutic efficacy against experimental infections induced in animals especially in mice,
and clinical trials using these drugs are summarized by referring to recent studies by
worldwide investigators including us. Moreover, this paper dealt with some of recent
attempts for chemotherapy of mycobacterial infections employing the drug delivery system
using liposomal microvesicles as a carrier of drugs.

Although these new drugs and development in new regimens appreciably potentiated the
efficacy of controlling mycobacterial infections, in particular M. avium complex infections,
it remains very difficult to achieve a complete elimination of the organisms from the sites
of infection, even if provided multi—drug regimens using new drugs having excellent
antimycobacterial activity and sufficient dosages. Therefore, it seems important to make
an effort to elucidate the mechanisms of induction of immuno—unresponsiveness in hosts in
progressed state of mycobacterial infection, as well as to develope new drugs possessing
more potent antimycobacterial activity.

* From the Department of Microbiology and Immunology, Shimane Medical University,
Izumo, Shimane 693 Japan.
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% % Bk F1LS

F—0—X: fikEAHl, VIrva4vYy, %7083

A F, ¥/uv, ¥-4y T4 vIEE DDS

) Ay — s8I

#® El

ks o wIEREICB VW TR, rifampicin (RFP)+
INH i streptomycin (SM) F7id ethambutol
(EB) %8t 2 HRMBHIL STV B4, HIMLFE
Hd BV IE TIPS IR OB L, SAIMER-KEIC X
BB OBEE, £/ AIDS2R LD ETBE
FHREBREDE T ICERT 24 M. avium complex
(MAC) fEIHLY 2 fedic b, WIh>REMED
B OFHREHIOBRRESEE N S, S, HE - BER
TOFHEAHED S NDoD B B TEA~ DFHRELH & BURE
DY =4y 54 v PEEORAICOVT, FbDl
hETIELNIBEE % UA NN SREDOERZHEN
L\,

A. FffERE

1. Rifamycin &£ : Rifabutin (RBT), rifa-
pentine, FCE 22807, CGP 40/469 A fvfic KRM—
1648 (KRM) BEBFRICHRESN, HEHVRZEOR
Fich B, WIFhd RFP &b bEN in vitro $L
BiEtE AT 50 Tablel 3 KRM, RBT %X U RFP
D in vitro VEEEELELSDTH 55, KRM
DOHRABEBFTHHE X $ 5 MIC &, RFP @ 1/8~

1/512, RBT @ 1/8~1/32 & TEW?, KRM 8&
URBT & biEKE LN L TREEDEIZLHN
RFP & ORIc REMMEH A S h 555, RFP MK
Bicxtd 2 KRM &0 RBT OHFE#IERICOWT
BRFOKHPEINRTVWE D EEbN 5,
taoEHodhT b KRM BENHEEEZ
AL, BOBST OB, s ~oMBTikS
L UBEBML EDATIE RFP © RBT & & BERFE
TH0?, P MAC ERENOERIGH RS N
TW3, Aoz, < v 2EBRRE I LT KRM
B3 RFP & b bENiBESIR%E, /1 KRM
+INH+EB o 3 #I#£H2 RFP+INH+EB ® 3 #lf}
B0 bBhBBESREETEEVIY, FcbDF
Rt o L hid, KRM i3 RFP100 7 fid &
Tk By AEBRRKICK LT OB IRES RN S S
hTBY, BECHICEET 23R %2IT>TW 5,
$7- BALB/c %, beige XU SCID <9 X, %
BARES » P TIY Y FTO MACEKRH KL T
KRM (3 RFP ® RBT IHNRTELIIBENREE
3529, Fig.1 & beige ¥V A TD M. intracellu-
lare Bticxtd 32 KRM QEESREAI.ODTH S
73, POHBAGREZS tHERRH L, FRiPNRREEE O BEGERH 11 % FE R
& L7 A, KRM BT o i TEAIRESRE

Table 1 MICs of KRM, RBT, and RFP against Various Mycobacteria®

Number MICs (g/ml)
Organisms of
strains KRM RBT RFP
M. tuberculosis 22 <0.0125 0. 025 0.2
M. kansasti 19 <0.0125 0.025 0.4
M. marinum 10 <0.0125 0.1 1. 56
M. scrofulaceum 19 0.05 0.2 1. 56
M. avium complex 52 0.4
M. avium 18 0.05 25
M. intracellulare 31 0.05 6. 25
M. fortuitum 20 ) 100 3.13 » 100
M. chelonae 15~20 » 100 12.5 ) 100
(abscessus)
M. chelonae 20 » 100 12.5 ) 100
(chelonae)

a) MICs were determined by the agar dilution method using 7H11 agar medium.
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il
8F Lung lesions (12w)
" Drug Dose Route
%ﬂ (mg) - 1+ 2+ 3+ 4+
< TR
E None 0o 0 o0 0 7
O RFP 0.4 po 0 0 0 0 7
¥ RBT 04 po 0 0 0 3 4
= 6fF KRM 04 po 0 0 7 0 0
5 -
4 1 1 L
1d 6w 12w
Time after infection
Fig. 1 Therapeutic efficacy of KRM against M. intracellulare infection induced

in beige mice. Drugs were given to mice infected iv with M. intracellulare by
gavage, daily six times per week from day 1 to the end of experiment.

7+ oNone 3
BOFLX
AEB
P:
6F A -
O / (SII\A/IM
& KRM +OFLX
Ny . N
SE x—/ / I — o KRM+CAM
& o= % 0, A ° & KRM+SM
O %g__ °
bo
S Drug  Route Dose (mg) / /D KRM+CFZ
4t F le}
CAM  po 0.2 _— /
KRM  po 0.2 &0—_
EB po 0.5 A
OFLX po 0.2
3l CFZ po 0.1
SM sc 0.5 i
SM ; twice a week
Others ; daily, 6 times per week
2 ' 1 L 1 i 1 L L
1d 4 8 12 1d 4 8 12

Weeks after infection
,Fig. 2 Therapeutic efficacy of KRM alone or in combination with other drugs
against M. avium infection induced in BALB/c mice. Drugs were given to mice
by gavage, daily six times per week from day 1 to the end of experiment.

TR T EMGRIP ot S5, VHFD M. avium &
BJE T3, KRM#%5 <3 RFP ® clarithromycin
(CAM) itHRTELVEMHR, EBRBYTOMA
ERBORD, Mh&k v OEOHERGBS SN 1,
Fig. 2 i/Rd L5 KRM i CAM, clofazimine
(CFZ) £7:13 SM & Rlic= v R ERR MAC K
X AHEEAESRS S D, FAMSY 13 KRM
+kanamycin (KM) +EB @ 3 #IffHicBWT KRM
DRHYIZ, RFP 7213 RBT # AV 0tHEEL D &

BNIEEIRER T 2 LBNTHD, EOFERAF O
&1 MAC EEQ LRI HBE~OIGHB P S N %,
WICEERTE T ORBESRIC >V T, KRM 13K 7 HEKR
HEBREMEATICHZ20TBLELT, RBTROWVWTSHN
72 AIDS &% % i3 Non—AIDS i3 5 MAC
RE® & CEIEMHERK Icxd 3 RBT OBERIRIE 18~37
%EVSHENS DY, RBT B#EHKD (159 MAC
ENOBASHFSNBETATH B, B HIV &
FEA~D RBT 0% 1 5159 5 FHHRHEE SRS Sh,
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Table 2 MIC;,s of Various Drugs for M. avium complex : BACTEC

460 TB System

MICsos (vg/ml)

Species

CAM SM KM INH EB OFLX CPFX SPFX RFP RBT
M. avium 2 4 4 2 8 4 2 1 4 0.9
M. intra- 1 2 2 2 16 4 9 0.5 0.125
cellulare

None
8t SPFX
AEB
OKRM
7t ///
6 o /UCAM
o)

Log CFU/lungs

<‘/

KRM + EB
(AKRM+SPFX

M

//// KRM +SPFX +EB
[ J

je)

CAM+KRM+EB
CAM+KRM +SPFX
a CAM+KRM

\. & * CAM+KRM +SPFX + EB
a
4t Drug Route Dose o
a (mg)

CAM  po 1.0 A

3 KRM po 02 |} 7
SPFX  po 0.5
EB po 0.4

2 n n i n

1d 4 8 12 1d 4 8 12

Weeks after infection

Fig. 3 Therapeutic efficacy of multi—drug regimens containing CAM and KRM

against M. intracellulare infection induced in BALB/c mice. Drugs were given

to mice by gavage daily six times per week from day 1 to the end of experiment.

BIFSHRESESRTVEY, 7, AIDSEHEITBY
24 9iEF M MACREICK LT3, CFZ 2&ULHIb
HAICS 5ic RBT #MA 5 &ick b, £DDIERT)
B 5 RGO — B OBERME A SN TRV S
0, REBRETANESOTIRE L 2EEEE MACIE
OIEEOHE L S0 hsbh b,

9. Hi<wrs o34 F: CAM Zrhilnic, CAM B8&T
azithromyecin (AZI) PHEE#Hsh TV S, CAM &
Hiz MAC x93 in vitro JEICENRD, BRI
SETHLED > ORI « M ITHEIC bBhTHB DY,
< v ZEERM MAC Bgcx L Tid CAM, AZI &b
BRESORENREE L, AIDSBEICEIT S MAC
BRSO PR d 5 W I3RS IEEER R OBRICE W
TBIFBEREPE LN TV S,

CAM (3§ E DI O PR B RRE 1< L T3 HLBR L

Bhsme, 20 MIC i@ erythromycin % roxi-
thromycin ® % 1/16~1/32, 1/8~1/16 &{&<, i<
MAC %4 2 FUBEEHE AR,

‘Table 2 i3 BACTEC 460 TB System Z& % MIC
EERLESDTHSA, CAM OH MACHIE T 1E
RFP & B12R%cd b, MBC/MIC Hhid 8~64 L K&
< 7 DHE I bacteriostatic SIEMMH Y, E T
» MIC i 3RO pHIc X O RELEAEN, T
DREICH > TR DHMICHETRNETH %,

CAM & AZI ©< v 2K M. avium BAE %
4 B BUMS © O i & O BERTEREIR 2 i « IR
HoetekEs LTatk Klemens 5% OBEITId, 200
mg/kg ® CAM Bihi% 5 THESIGREIRD 4 54,
CAM & RBT % f21d CFZ & ORICHEHZIRD, =5
12 CAM+ CFZ+EB Tld & b B pEHZIRSED &
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Table 3 Chemotherapy of Disseminated MAC Patients Using CAM and AZI

Number of Dose Adverse Emergence of

Drug  Patients (mg) Protocol Results effects® resistance
CAM 108 (AIDS) 500~2, 000 BID Blood CFU { 15% 15%

(12W) () 4ug/ml)
CAMY 500~1, 000 Blood CFU { 90%°

(7 1,024pg/ml)

CAM? 103 1,000~2,000 Once daily  Culture (-) 6% NT

3M) 20%
AZI 140 600~2,000 Once daily Blood CFU I Occasional 90%°

(6W)

Fever { () 1,024ug/ml)

a) Adverse effects of CAM and AZI : GI tract pain, liver enzyme f, hearing loss.

b) +EB, CFZ, aminoglycosides.

¢) Resistant strains emerged within 10 W, when CAM was given alone.

d) +RMP, CFZ, INH, EB.

Table 4 MICss of Various Quinolones for Mycobacteria®

Test MICses (ug/mil)®
Species strains
OFLX CPFX SPFX FLRX OPC-17116 AM-1155

M. tuberculosis 20—25 0.8 0.4 0.1 3.13 0.8 0.1
M. kansasit 19 0.8 0.4 0.4 3.13 6. 25 0.2
M. marinum 10 12.5 0.8 6. 25 12.5 25 1.56
M. scrofulaceum 19 6.25 3.13 6. 25 12.5 25 3.13
M. avium 18—-20 12.5 ND 1. 56 50 3.13 1.56
M. intracellulare 20—31 50 ND 6.25 50 6. 25 6.25
M. avium complex 596 25 6..25 ND ND ND ND
M. fortuitum 20 1.56 0.1 1. 56 3.13 6. 25 0.2
M. chelonae 15 ) 100 6. 25 ) 100 ) 100 ) 100 12.5

(abscessus)
M. chelonae 20 12.5 0.4 6.25 25 25 1.56

(chelonae)

a) MICs were determined by the agar dilution method using 7H11 agar medium.
b) MIC values were determined by several repeated experiments.

nNTW3, bhvbh b <o XK MAC BRYYE I
35 CAM & KRM % & & £ HI0F FIERESh R % i E
EWEEZEEE LTRITL, CAM+KRMITEB® %L
13 sparfloxacin (SPFX) F7/idZ OfjEEMZ 1235
B LDBVIRMIROSHZ L2 AH TV S (Fig. 3)o
Table 3 1 1992 FEDKE D Vail T©D MAC 22\
TOYvyHEIY LY TO CAM & AZI © MAC B£%
XS BIEERICOVTOHEEZT LB bDTH S
», 25%EY: MACiETiRInd CFU ok, MAC
FlEYHE T RS R ORI A S STV 245, B
BeEEGT 5 &, SHEELCIHERSHBL, Skl &
DHFAEENRORFABLETH S 9,

3. Fi¥ /s ovHl

B+ o vHloRENL b OE LTI, OFLX, SP
FX, ciprofloxacin (CPFX), fleroxacin (FLRX),
tosufloxacin (TFLX), AM-1155 72 EWZEIF S &
5, Tabled 3B+ / v vHOWBEICHT 5 in
vitro URTE M DHEB#EEZ R LI bDTH B, WHT
b CPFX & AM-1155 i X[EEOPEE]E /R L
Too #id /7 o vHENGEANT X 0 EIH B0, HEHH,
M. kansasii, M. fortuitum <3t L T—RICHEWHIE
EWEET2E#H 50, MACIKHLTRZENES
NREHDOTRBVESITH 2, F/+/ oD MBC/
MIC thig 2~16 & CAM @ 8~64 & D IHEKL, ZDH
B /71213 bactericidal BEZMBKE VWL S TH 3,

v v RAEBRFERICKT 5 OFLX @ in vivo SLEEM:
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Table 5 Attempts of Controlling Mycobacterial Infections

with Liposome—encapsulated antimicrobials

Organisms Drugs® Authors
M. tuberculosts SM Vladimirsky & Ladigina
(1982)

M. avium complex AMK Eduardo 5 (1987)
AMK Duzgunes 5 (1988)
RFP Sito & Tomioka (1989)
AMK Cynamon 5 (1989)
AMK Gangadharam o (1989)
GM Klemens 5 (1990)
KM Tomioka & (1991)
SM Duzgunes 5 (1991)

a) SM, streptomycin ; AMK, amikacin ; RFP, rifampicin ; GM, gentamicin ;

KM, kanamyecin.

- - . 8 6 r
Lungs Liver Spleen Kidneys
7 /' 7t 7 5
X
i=1
&
5 6 6 6 n
S~
é / -
w 2 5 5t 3t
Q T
[}
4 4 4t 2t
J L L 1
[ T P e T L
0 2 4 8 0 2 4 8 0 2 4 8 0 2 4 8

Weeks after infection

Fig. 4 Change in the viable number of M. intracellulare in the visceral organs
of mice with or without liposome—entrapped KM treatment. KM in free or
liposomal form was given at the dose of 70 to 80 ug/mouse/injection. O, None ;
@, empty liposome ; A, KM ; A, liposome mixed with KM ; M, liposome—

entrapped KM.

oW, ERY 0% T 1 mg/mouse DG T
RS ORDY, F1o Truffot—Pernot, Gros-
set? O igIc X hiE, 150 mg/kg 5T Y 2DHE
BEROBMEEN CFU 0B FOETSED 5N TED,
OFLX @ = v R EBERK Ic T 283>V TRE
ETH—BERO—BNAELNTWVS, &1, Wk
5 z kg, M. fortuitum BEZCXILTiE CPF
X, OFLX, norfloxacin (NFLX) Oz ciaHz
EBHONIEVWS, £ OFLX & M. kansasii
BT L L TRP VAR TS 505, MAC BRAE
KRG EVENERTABVEVIRMASBOATY
31,

PIE, EAEREA O F /0 YHKHRWTHRES W, £

- ASRBEORLECHBLITHEN, ThsREHFD
PR & ORIc R EM AR E T, OFLX 28€
ZHRIGERIC & BIBHIC & - TEIRMEHE O ResedEE B O
14~50 % i R L L - &3 2 MELRH LT, &5
CHEHOBN I F /o v OFESFFNEEIATD
%,

B. BEEDREICBIIZI—TvTa Y
FEDR S

JEEE, Y E Y — 475X D microvesicle IWEA L H
#ic & 3 drug delivery system (DDS) HpH¥ES 1,
amphotericin B, SM, sisomycin & & O#HIZ ) K
v — BicHA L CRBE DB QISHSHA S, B
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FRRENR SN TV S, DDS dEA Ok O FlfE B
& U EEH D I 5 & AN 7S & oREEEE @A H S L
1tWbWB Y=y T4 v IEWVsic 2 DOREEERD
578> TW5, DDS OFIHOHEM & F i id3EF D
HIEOBR, EYOFHG, AN, BN - R
ANOBITHOWEMIB EMRH b, Hicy £ — A28F D
G, TIaRIFURTNSI VREDEEI—F 4 v
7Y RY — A TIRIHPHANOBITHASERINICEE 5 C
EBHSNTWVWE®, £/, MBEANOBITHOERNE
K|Td 5 penam, cefem, 7 I /FEHEAIUEYE R &
FYRY —ANEHAT R L&D EHIEAA~ DR D A
LhHERESh B9,

PAEKIEAY £V — 20 X BB BIBEDORAS
&L TIRERN~Y 2 Leishmania, B, Salmo-
nella, Listeria & U Legionella BYE & D3R
ENTBY, HAFEROD in vive HIEEHOHES 3
W IidEHEOBESHE S LTV S, Table 5 3 fuAEHH
AN HY = 2ic X BERN < Y 2P OREICD
WTOEBHERE L LD bDTH B, kK&
MAC BB i3FFic Y R Y — 2 WA T 3/ BEUREATUEY
BROVTORFMBETH 54, WEFhLEMINASHN
TWw3, Fig. 4 @3bhbns® )Ry —aHHA KM i
57 Y 2 MAC BERRIRBER % 1T » 1o 2R L1
bDTH BH, HEA, FICHNERERORDD 4T,
KM%Y ®RY —a~EHAT S &K > TZOHRER)
ROBBRINDZIEMPHSHLTHD, TOREIE RFP
YRy —MTHALKEAEY Lo b KREh T,

PIk, U # v — 2413 microvesicle @44 XPIEH
REREA DI, BWETI—F 4 v ITHIEBETED
HBBITHEAHET 52 C 050 TH D, & 512 MDP
® IFN 7% & @ biological response modifier
(BRM) ZfARAARL ) XY —LZ2HWBI EITkD
HEDRFREDTEE b+ iciffFcE s b L Ebh,
SREEHTREIE ORI C O HHORF bKEE
59,

W

R EOBR I DLW TORADRRE, EHSD
BifEE E LA SR L 1,

Bl B

AEFFLEITICH b, EFRORMETEW 7SR LY
T, B8, KEAREE, HHEEE KERE 75
WIZYTANB N, N4 VS HALSYY —
MASHICER L 9, F/, AEBEEERO CRBICH
BEERLET,
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