Kekkaku Vol. 65, No. 4 257
= =
Mycobacterium avium Complex 1Z%F3 % HUftii% A O ilBRE N OFH<hE

oM 8 M- R SF H M

R A P i AR B P B E ) A U
ESRRvAR <o S A R Tl O i
2 HROTHETH 20 H

IN-VITRO COMBINED EFFECT OF ANTITUBERCULOSIS DRUGS
ON MYCOBACTERIUM AVIUM COMPLEX

Michio TSUKAMURA * and Sadaaki YAMORI
(Received for publication July 20, 1989)

In—vitro combined activity of antituberculosis drugs on Mycobacterium avium complex
strain 13034 (serotype 18) was observed. A twofold dilution series of each drug was
combined with 17 additional drugs and the control without drug. Each medium was
inoculated by a 0.02 m/—sample of four different bacterial suspensions, original suspension
(10 mg wet weight per ml) and its 107°, 107® and 107 suspensions, and incubated at 37°C
for 28 days. The inoculation was made by a spiral loop that can deliver a 0.02 m/-sample
by one inoculation. Since a total of media reached 6480 (1620 combinations x 4 different
suspensions), only one strain was investigated in this study. Inoculation size used for
determining minimal inhibitory concentrations was adjusted to 20 to 80 colony—forming
units per medium. This was obtained by inoculating 10™® suspensions. The diameter of
colonies was measured on media that were inoculated with 10" suspensions. Since 96 %
confidence limits of determining minimal inhibitory concentrations are between 1/4 to
fourfold, decrease or increase of the minimal inhibitory concentration equal to or above
this level was regarded as significant. Such significant change of the minimal inhibitory
concentrations occured in combinations of drugs is shown in Table 2. As shown in tables,
no antagonism was observed. The combinations, in which significant decrease was seen,
contained ethambutol, sulfadimethoxine and ethionamide. It was shown that these
concentrations of the drugs cause marked delay of growth. In control medium, the
diameter of colonies was 5-6 mm, whereas in media containing one of these drugs,
it was 1mm. Therefore, significant decrease of the minimal inhibitory conentration
could be explained by overlap of growth—delaying effects. Only one exception was the
combination of rifampicin and ethambutol. Although rifampicin used in combination (10
u#g/ml) did not change the growth rate (colony size), it decreased significantly the minimal
inhibitory concentration of ethambutol. Therefore these two drugs were suggested to act
synergistically. However, the meaning of in—vitro combination studies seemed to be

meager, because clinical effectiveness of such combination remained never excellent.

*From the Department of Microbiology, Fujita—Gakuen Health University School of
Medicine, Toyoake, Aichi 470—11 Japan.
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Mycobacterium avium complex JEYE DIEE I,
4H, MREBRMEOP TR OEREELEE VAL D,
BE, AIER, HEZKFIOHERICL > TS TL
B0, FRBIRESRER D ICE > TV, FUEKA
BRI LTEDTH 200 EVHIRAMEICHLTT S
BeaZiE Aa v ah, Rl OERIFROFERIE,
{EEBHRIRIC O W THEN L EZ 2R L2255 V7Y,
F 7o, AL EWOTHEKAERZEORGZR A S h L
BoTERY,

LB EOHHMROME S FERRETH 2, <
NIZ > VW TOREBREN (n vitro) PEHZIRE, £
AMEAY Ic L - TR S NI, AlE ki,
KM+INH+EB, SM+INH+EB, RFP+INH+EB @ 3
HHRO MRAREN] &, Bk zxsElTw
%o % 72, Zimmer et al.”, Banks and Jenkins?,
Heifets et al.” i3, RFP & EB Off1E, MRS
HoHEMELTV S,

LU, BUEAHIOMRZIR Gn vitro) ORI,
DOTHEEEICDLWTRE SN L S IKELX DR %
BATWS, BEHRIERIZ, @, MMEE] (synergism),
MHfN | (addition) B & ¢ [fEPt] (antagonism) D
JHHFINTVEY, TOEHREEKGTRE I L -
T, ¥bFHLThH5,

1958 €12, Tsukamura and Noda® &, fE#E I
xt4 % SM, INH, PAS o SR>, (1) £E
BT 3D &, (2) REEE KT 5 EER
RO2o0BHRICHITEZLINETHS L, SIH|
DMSTENC/E Lo & LTS haiRTchhE, <
nE TR &EFZ, HERZEL2ERLTH, MIIHE
MU EoshRThNE, THEE], LIFTthhid, [t
LEZBRETHDE LI,

BiAIE, SM T &k » THERERAA 1/4 2B L, PAS
L& -T, ThH /2B LEEE, MENFHLT
1/4x1/2=1/81c & £ ¥ 23541 TN <o 5, Bk
fEFDBAE LD SRS LIV -Th, HICL-
THBIGIERDBE b TR VDS, [HEE] &IF
SRETRBVEVIDITH S, TOLHITEIND,
SM, INH, PAS O ftH%IRAA 5 L, WFhoflat
b (M) O#EERHIC & &% -7,

V50 Z - T, M. avium complex 29 % BEHZN

ROMEAEATAB L, TOBAR, BEEOBAX
DOEMTH D, BR—DE->THTH, BEEOHS
13, BB LENE—TdH 5 DIZ, M. avium com-
plex DF A RS TRE—TH 5, FikEkAIOFERE
Kbz 00T, BroEKIIOVT, TR HERE
15 T EEFELARBETH 2,

bhbhid, OET, {LFEIEREHNICHEEL -
bbb o, HERKERZESED 1 ke EA TER
EFS5T&iclic, R IKROERTS, FHERES
» 10,000 KDOEEHAELEE Uik, 1HETIED 24, B
MR ERBNAFETHE LT, TTiBET IR
HTH 5,

(F) AEBRTE, HHEHEHAICSWT, KOS EE

U7

RFP --- Rifampicin ; INH -.-Isoniazid ; EB -

Ethambutol ; SM --- Streptomycin sulfate ;

EVM - Enviomycin sulfate ; TH --- Ethiona-

mide ; MC:-- Minocycline hydrochloride ;

SX --- Sulfadimethoxine ; CS --- Cycloserine.

ERAE

i B B Bk &, Mycobacterium avium complex
13034 # (M#EHI 18) TH %, MEYUEARC LIcBHE
» o, IRERIRRTIC OB S N, R, BESEES
BEL, THhERKMRL7c b ORI E Ul (ERETII,
M % /NN Th 5, R L IHEEKHIL, RFP
(Lepetit, Milano), INH (&¥£H3K), EB (BHHL
%), TH (EH#x5IK), SM (HE®E), EVM (H
AEREE), CS (HHR®E), MC (HALV Y —), SX
(hA B oI TH B, CohT, RFP & SX
13 % 9" propylene glycol IZiAfE L, fhiZZBKICIAR
LT, 20 1 F8%BEH /NI 100 AR RN
B EICEORBEQEE RS, HHlld Tml 90 165
% 16.5 mm DHREREICHEL, 90°C 60 /2 FEET %
lick R s L,

fH U7 BRI, SEANT > W HE 2 RIS
(Q0A 1K) ZfED, Thic 185 R & OFRZEA 17
) oftHEAEHEE T,

BRI OWEEI, ROEBY E LI, EVM, 400,
200, 100, 50, 25, 12.5, 6.25, 3.2, 1.6, Oug/ml ;
RFP, SM, 200, 100, 50, 25, 12.5, 6.25, 3.2, 1.6,
0.8, Oug/ml; EB, SX, 50, 25 12.5, 6.25, 3.2,
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1.6, 0.8, 0.4, 0.2, Opug/ml; MC, 25, 12.5, 6.25,
3.2, 1.6, 0.8, 0.4, 0.2, 0.1, Oug/ml; INH, TH,
CS, 20, 10, 5, 2.5, 1.25, 0.63, 0.32, 0.16, 0.08,
Oug/mlo

Pbo 2 EFmFII 0L %1, WROBHERNEZMHEET
B ZAE - 7o, 378b5, X GRINGEHHZERI?Z L),
RFP 5 8LV 10ug/ml, INH 0.1 8XU0. 2,ug/’ml,
EB0.5%8 & U lug/ml, SM 58 & U 10ug/ml;
EVM 10 &0 20ug/ml, TH 58X 10ug/ml,
SX 0.5 8 XU 1lug/ml, MC 1ug/ml, CS 0.5
L 1ug/ml G187,  OHFHIERBEE L, T
FERT A MICHZRP TREIAHEE T 2L ICHEL
12DTHBM, EBEIE MIC D 2/3~1/5 L1 -1 12
72U, RFP® MIC 13 100 ug/ml T&H - 7cDT, HH
BTZoNAREMPIEED 10 ug/ml 8 XU % OYH
E L7,

oG, EAKRSIHE, o2 EERY]
10 A EH W0 THF 0, < hic i opF e
8REEMEGE DT, FEtoBEEIIAFT 90x18=1, 620
L -7, T 1,620 FEOREMIC, 4 O Rk %E B
FEL7cDT, MO 1,620 x4=6,480 KA & 75 -
7o

Btk a2/ NIREHNC 37°C 10 HREEEE L 72k, RHL
TERBE RN > TH I AEa v~ vt 5 45—t
&, 0.1 % Tween 80 /Kii&IC 10 mg/ml (BEE) O
BEREs €, CORKERKE 10° FRK) &L,
ChEL0BHRL T L0 ICE - 7, BRI, 100
107 108 L0107 0 4 BMOBKER V. SE#K
D0.02ml2#EALET 1 A&E ¢ > Rl
L%, BX3mmoUhHoS 25 70T k%
B, 37°Cic 28 ORISR Licth, HEAHE LI, &
INEBEHIEEE (MIC) 13, xHEEREHIC 20~80 %%
AU TR A - O BB TIRE Ut A EEAL
(colony—forming units) 1%, HEHh47: 0 52+15
(range 20~80) TH -7z, COFEEBII 10 EHK T
Jonte, o MIC ORIEZEE, Al L “actual
count” %1 TH B, HE IS THERICITWA 12,
IRINEEF O FH HE I R F R, 107 ERER O
T, BEOEHBREZNET S LITXOHEE L,

BB, BEETIC, 10" HREE (B0 ofE
Bid, H50x10° EEBAD DD MIC di#llE L f<o
CDBER, 2EFRIITEICRERSERT 2 BE
(discriminative drug concentration) % & - T MIC
El7, CORBEE, 1BRBEVEECIESTEER
HEWALNDEOI, TOBEBICESEZEAETELH
kEfEzcEOIEDS A 5N 2 BT, TR
HFEVEKI T EBLRETE

“Actual count” D RIEHREE, ZEHITO>WTI10
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[ MIC ZJE L, £0#ELZFEL I, 10BOFEERT
SEHsEFCAEICMEERL, 1~3[ETLET 1 EfED
E#nH o, Lich->T, FEHEO LT 1 BBEDOH
EBAENE C BHERIIE 0.2, 2 B0 L TFEE
CAHMEHRIZ0.2x0.2=0.04 L H SN 5, L7cis-T,
BERZEHI D AT & > T MIC 22 1/4 UTIIET LA
Gld, BB ZEHRE. 04 THHAEAORIR AL
A5 EEbNI,

AEBETE, EdRo &L, HORRIKIZ0.1%
Tween 80 /KiAEME %\ 720 Huil et al.!? iz X 12, i
BB 1d Tween 80 ICHEfili g% 2 &1 &L RFP B2 iEAs
HhngTsE0H, LHLENS, bObhOFEER CR¥E
) kL, TOEIBWHEERE > BV, LKL,
Tween 80 (& B #E O FAE <, PIERE I RBEHICIEH &
A1, i, Tween 80 ML X 0 AE BB ASED
95, —R, MEWSEMLILIESAZ 5, LiL,
“actual count” &k THEREARBMERHIA 5 & EZHER
Zbo>TOIBWT EMNSh oz, ARICHVWZ0.1%
Tween 80 /KIZH D & 51T, BRES M WEAIL, 2
FicHW 5 E ToMEMOMIc R, EEEABEmME ST
L3 v,

EBRAEE L UEBE

i #% #% % RFP, INH, EB, SM, EVM, TH, SX,
MC, CS &~ D 3EH % §:H L 72854 o Lidbukss
D MIC f% Tablel IZ/Rd, £D MIC IR, LWFh
b “actual count” i (ERABEHAL (colony—for-
ming units) 20~80, ¥ 50 © MIC 2 iflliE9 5 457
THEL oo CTORHEOREBRZE S, 2B O
MIC EOZLIBEELEEbN S, BiHIC L MIC flih

BB tLizoi’, ROBAETH -1,

(1) RFP &PFHL T, RFP O MIC 2K F& &0
4, EB (0.5 8&0 1ug/ml) F713SX (1ug/ml)
DHHTH - 12,

(2) INH &PERHL T, INH © MIC fli% FiF 7D i,
TH (10ug/ml) #7113 SX (1upg/ml) OHHTS -
1o

3) EB&HEH LT, EBO MICEA FiFzo ik
RFP 6 8L 10ug/ml) OATH -1,

(4) SM &PFH LT, SM @ MIC i % FiF D3,
EB (1ug/ml), EVM (10 8 & ¢ 20ug/ml), TH
(10pg/ml) FriE MC (lug/ml) OHHTS - 12,

(5) EVM &t LT, EVM ® MIC % FiF oD
i, EB (1pg/ml) £ TH (10pug/ml) OHHT
&H -1,

(6) TH &fFH LT, TH® MIC % T 72 B HEEH(
[E QAR

(1) SX &P LT, SX @ MIC i % F iF 7= b FI 38
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Table 1. Minimal Inhibitory Concentration of Antituberculosis Drugs When Used Alone and
in Combination with Another Drug
Drug used in combination (#g/ml )
None] RFP|RFP|INH|INH | EB | EB | SM | SM |EVM|EVM| TH | TH | SX | SX | MC | CS CSs

5 10 0.110.2 |05 ] 10 5 10 10 20 5 10 0.5 1.0] 1.0 0.5 1.0
RFP 100 100|100 6.3 | 0.8 {100 [100 {100 |100 |50 50 50 6.3 [100 |100 | 100
INH | 0.63] 0.32] 0.63 0.32] 0.32] 0.63] 0.63| 1.25| 0.32| 0.32| 0.16| 0.63| 0.16| 0.63| 0.63| 0.63
EB 1.6 | 0.4 | 0.4 | 1.6 | 3.2 1.6 108 1.6|08]|16]| 16| 08]08]08] 16 1.6
SM |50 50 50 25 25 25 12.5 12.5 [12.5 |25 12.5 |50 50 12.5 |50 50
EVM| 50 25 25 50 50 25 12.5 |25 25 100 [12.5 |50 50 50 50 50
TH |25 25 12.5 |25 25 25 25 25 25 25 25 25 12.5 125 25 25
SX 1.6 1.6 1616|1632 323216 32| 1.6|32]0.8 0.8 1081 0.8
MC |25 25 25 25 25 25 3.2 |25 25 25 12.5 |50 12.5 |25 0.1 25 25
CS |10 20 5 10 10 5 0.16/10 10 5 5 5 5 5 5 5

The minimal inhibitory concentration was determined in Ogawa egg medium after incubation at 37°C for 28 days.

The size of inoculation used for each medium was 20—80 colony—forming units and the minimal inhibitory concentra—

tion was determined as the lowest concentration in which the growth was completely inhibited.

Table 2. Combinations of Druge, in Which the MIC of Drugs Shown in the Left Column Was
Decreased to 1/4 or Less in Combination with the Drugs Shown in the Upper Row
RFP RFP EB EB EVM EVM TH SX MC
5 10 0.5 1.0 10 20 10 1.0 1.0
ng/ml | #g/ml | rg/ml | #g/ml | rg/ml | prg/ml | #g/ml | #g/ml | rg/ml
RFP 6.3 0.8 6.3
INH 0.16 0.16
EB 0.4 0.4
SM 12.5 12.5 12.5 12.5 12.5
EVM 12.5 12.5
TH
SX
MC 3.2 0.1
CS 0.16

FNE 78 5 1o

(8) MC &P LT, MC® MIC iz Fiffcdld,
EB (1ug/ml) #7213 SX (lpg/ml) TH-7t,

9) CS&EMMLT, CSoMICHEA FiFfcdlg,
EB (1ug/ml) OHfHOATH > 1,

PlEDfEREZART LT 5200, PEHick b MIC
A 2 BEELL BT A8 - 72 (MIC 25 1/4 IR I8 » 72)
A% Table 2 KB L, —4, $HHIc & D MIC &
AEZEIC LR L EEDNEIEA, $bb, [
DERUEBE S NLE 1 - 12,

Table 2 DA H o<, PrHIC &b MICHA
1/8 I T Fas - Dld, RFP+EB, RFP+SX, MC+
EB, MC+SX, CS+EB® 5 fl&ETH /o TDH
#xH5E, EB (Qug/ml) %7213 SX (1pg/ml)
DVWTFNIREEFN TS, ZOEKEE, WwInd MIC

o 2/3 T, RIMPFAEE S LTRED&E V.

SO DIEEES, FEMEICRIETEES 107 EK
BEREOERERTATH S E, St @RI L) T
13, EEEED 5~6mm TH B0, EB 713 SX 1
vg/mliETy, A0 lmm it £ 0, EBO.S
pg/ml £ 7213 SX 0.5 pg/mlEHIT S, KEEEE3
~4mm THB LD b/hEV, ¢Hb5, RINL7CEB
F 7202 SX 3, MEEETREC, 20 E bREREEH
Wk BT ENND B, EBBLUSXLIAT, fEHIoD
MIC % F ¥ 72 & @ (&, TH (10pg/ml) T&H 5 13,
TH10pg/ml T b, $£FEFEE, 1mm fikshs<
K-TBY, THERERBEMHEHLELEEZSN
%,

Pltokyicasrs, —H, FLS MICEEZTIE
DEEZNE G, OEHEERIORERLEEHICL S EMRLT
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MIFTE RV EIBRV, THLD, HHFRE, H<
T (M OFFHAHEEVLDEEZZHNEYTH
2, Me—o sz, RFP 5 %7213 10 ug/ml DHFHT
EB ® MIC A8 1/4 1c{& F L7228, T® RFPETRE
EHEERICEEBRIE N>, LkH->T, RFP+EB®D
BEFICBR - Tid, H 3\ id TSR] PEET 200

LN,
PEo ki, SEIOHET, fn.f HEID M. avium
complex 12X 4 3 PE &I R I1E, —#ic, HNKWTH 5

LW KR A, M— @@57* 13, RFP+EB Offi&+
T, TOBAHDOAE, HTNROTREELSH 5, fEDLE
WD LN o1, LKA S, Fibofbid, Aol
HLUABEIC SO TOFRTSH » T, —RIISEHT 5
WEIDE, BBFHISRNZTbRIEESE 0, £OD
MY, ROPICH SN D,

AEl, T o 13034 kx4 5 INH @ MIC &
“actual count” #ET 0.63 ug/ml LHE SNz, Lk
MoT, PHHIEXE LToO INHOEER, 0.1 8LD
0.2ug/ml & Lo 2LT, COMEDINH &, #E
WA S 2 ¢ (BRERAL), Fh0HicL-
THio#H D MIC A EFA &b, PFAI LR
Motee LALBHAS, AIRLIZELS I, INH O3
A lug/ml &4 % & SX OFEHIEMERTITH L THE
ﬁﬁf‘b%/ﬁ?j Shtz, b5 AA, “actual count” HED &

, BEREAEREBEA /NS OIEA R, INHIZX > TH

= iﬂ:i‘ fHiF&hn 3, L L, INH®D M. avium
complex 2% 4 2% B 1d, MEOHALRLD, B

FEAEFEHAL A 106~107 109 % & INH 1 pg/ml 5T

FEERFEMNE %, 2 LT, TOXIBRETNTH,
INH & SX & DA S,

AR OFEERT, RFP+EB QORISR RN S 5
LRI E Nz, FEERNSHEBRTIIH S, Zim-
mer et al.”, Banks and Jenkins® # & 0" Heifets et
al.” Itk > TH RFP+EB O MBS EAHES LT
%, UL L, Ozenne et al.!¥ ick > THittanz L
R RIZED B T EMTEL L - 1, LTl c &
ST, HEERNMFH R ORISR, ERAEAEICVA
WABRIEERZGA TV S, TN 513, PUERES DR
PIRIEE & U CI3BR2S H 2 4%, Rz LT, BIRICEHT
HHOMEIDEVD LI L TIHBESERLS 352X
U, AP EHICE > TRENK RFP+EB @
ﬁm%%%%wﬁ%®ﬁﬁi Brciiiftingd 3 &L 13 & 4
SNV O TH D, SIDLNOLNOERIIETS,
RFP+EB O #t s ic A H T H HREHLIZ R S NS0 ip
5TH327,

o b b NOHROFERTIE, M. avium com-
plex BYLIE O #iA M, B BRICHR > BUE AL
P&, 72 & ZABUSHEIESZED S - Th, SUEKHIC,
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CRIEHT ABREEAMABVEICH B T EDRBEINS
(B . BWIERIR SNIALFEREDOH 1R OH
WA, KL bERTERIATVERE, Y

FZERAMIER < L BN 5 3 5 OIRRE TSR 1< 2 AE
FT50IKL, kN ORETIE, ERNICES L THE
FTEEICHLONDE LNV, EEZ, ANERFEORHE

ot U TR 78 U A R o s, TR L RS
ABETHOL0IRBV, ZUDHLSERIFEEITO D
FIEOWHEWDOTH B0 5, FIIUDIE, HEUIZEH,

SR A EPRIEVNSTH 5,

I, “actual count” BE T L - HREREE D
10° o HEFER 2 O THIE Lk R s 2, Z OEER
<3, PEIC & D MIC fEAS 1/8 IfE F L7zD1d, RFP
+EB, MC+SX, MC+EB ® 3 > Dl &5 ¥ TH » #,
RFP+EB ® ¢, RFP 10ug/ml & EB1.6ug/ml
TREN BRI s 0, TofERE, REFP 6
PED M. avium complex IZ%f L T& %, RFP+EB#*
EBHIML D bFEUNTHBI EERT, TOLKIBEIY
DS, FEIRTAH LN BN EIDITOVWT, bbb Dl
RERER L, 2 EMRLARVWIEERLTVWS, L
L, Lk LCiREdT 20 b, IBRE LI X
WEWS RRICH L TEDE b XRA G AR ET A
o

# B

M. avium complex 13034 & H\, “actual count”
HEeR/NFEERIEREE (MIC) ZRIEL T, fHroht
ERHIOMAEEOBHRABIZE L e, TOfRERE, JE
HHE EEOKES) odd 2EEE2ZEL>0¥Md
3L, PUERAIOMEGE IR, —RBITHINPZRICE &%
@,m%éﬁﬁém%bhmﬂatom DY IFANES
RFP+EB 0 #is€ T, OB, »H3RE @m
FRHREPFFE NI,

X ik
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