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THE PATTERN OF DEVELOPMENT OF RESISTANCE TO ANTITUBERCULOSIS
AGENTS IN MYCOBACTERIUM AVIUM COMPLEX
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The patterns of in vitro development of drug-resistance in three strains of M. avium
complex which were isolated from patients previously untreated with antituberculosis
agents were studied. The principle of the study and the methods used were described
previously (7, 10, 15). Of the three strains, strain 13034 (serotype 18) was originally
resistant to, except for isoniazid, all antituberculosis agents, and strains 13008 (serotype
20) and 13016 (serotype 4) were relatively susceptible. The results obtained are shown in
Figures 1-23 and Table.

1) In development of resistance to rifampicin, ansamycin and streptomycin, strains
13008 and 13016 showed a two—step pattern, and strain 13034 an obligatory single—step
pattern, whereas M. tuberculosis strain H37TRv an obligatory single—step pattern. There
was a complete cross—resistance between rifampicin and ansamycin. The cross—resistance
patterns of R1 and R2 mutant strains obtained by the selection with rifampicin were the
same as that of those obtained by the selection with ansamyecin.

2) In development of resistance to kanamycin, all three strains showed an obligatory
single—step pattern, and highly resistant mutants could be isolated from parent strains.

3) In development of resistance to enviomycin, strains 13008 and 13016 showed an
obligatory single—step pattern, and the level of the obtained resistant strains was only 2—4
fold higher than that of the parent strains.

4) In development of resistance to ethambutol and isoniazid, three strains showed three
different patterns. No ethanbutol-resistant mutants could be isolated from strain 13034.

5) The population of M. avium complex organisms previously not exposed to any
antituberculosis agent contained resistant bacteria that were considered as had been
generated by spontaneous mutation. The M. avium complex strains can develop easily
resistant population by use of antituberculosis agents, as in the case of M. tuberculosis.

Key words : Mycobacterium avium complex, F¥—9—X : Mycobacterium avium complex,
pattern of development of drug resistance, M, DuE%E
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B, ARUBEATIE, MO E-T, ¥
FERGMEESTEHI N B &SI - b, BhATS,
Mpycobacterium avium complex fEid, OISR
FIBZ M DK S O iBEBREET, £ < OBRKREDH
LAEFIWTWE, LAsic, TOHEOTREKAIIXT 3
I >VWTR, 2<{HETORTVIEVWEE->TE
Vo EER U ZOHFEEE L, 1950 FRH 5 1980 4
12 T, Mycobacterium tuberculosis DHUAEREH
BRI WTHFEET - V7%, AHTIR, M.
avium complex OFUERAIMMER X%, EUHETH
%L, M. tuberculosis®Zh EHBELTHB I L L
L7zo M. avium complex OHUFEAGHIESZ M ic EHHL
EkENS B &, KFEH®, Tsukamura'®,
AEEIEH» ® 1ok b, Ethambutol, Rifampicin, 7
177y ayvy FRIEHEIZOVWT, ZaEh, #E
ENt, M-T, AHTI, BEIUHEREBEOERE, HEW
REZMEAE O 2 FREAEV LRRIC D WTHIFE L,

B A&

M. avium complex 13008 (I7EZY 20), 13016 (If
TER4) KU 13034 (MAEH 18) @ 3WREMEH L #oo Bl
2%13, HBHOEEAICRZIESE L, RO 1KRIE
Vo 3HRE BTUEMAERRTOEE» SORS N, U
Foftiiz, M. tuberculosis H3TRv #% Ansamycin
TR D f- 9 ic D A L 7o

B [1%/N15EH] 260 L, SRBAH (EE
¥ ORIERBEASEERERICK -k, TOHERD
ZOEBIC O VTIZEHRL - P, M. avium com-
plex i3, FRELRITY, £ES ST, BREE-
T b clumping OEAIMBB VO T, BohiHERE
DEEHICEWERbN 5,

AMOEBHFIE 3, BEMELE% clone LAAL,
BT BRIk DR EIER (survival curve) Z&RBH
(phenotype) & EHT B &IKH B, ORIV
TIREER L7 "0, ARMRETENZHEICOVTE,
B EBD TH B, HRKIETTO.1% Tween
80 KB 2 L1 £ 0 EELTICliBICERY
%,

Ak & &<, M. avium complex & clumping %
RERVOT, /NIEEH 2 EEEBREREFER L 7o /NI
Bt 14 HIEBOERE A 5 2 E 3 VRV T 10 S FHERE
LTHE—LL, Th% 0.1% Tween 80 /KIEKICTFEL,
10mg/m! (BHEE) OWKEIE-To T0%E, 0.1%
Tween 80 KIEH T 10 fEBPEFIRL, 107° £ THRL
too TO6EOFRERY S, MERELETO0.02m!
To%, e ORKBEEO/NIIEEMICHEREL, 37°C28

% me2es B9 S

~ 42 HRREE L 7z, 13008 K UF 13016 ¥k i3 LLEHIHE
DEL, 42 BRICEZRBERA 1205, 13034 HRIGREH
B, BHBICERKEKZ 3 EMFRETH - 1,
FROEERERD S, FEROERKIER P 2/ED, KT,
COPORBECRE L LERIMEL - THlXITHE
B, BREEHRKICOVWTROERER R1 £2/E- 1,
B HE Ut 3 ARk E] — D LR AR 2 F -
BRI, 2D 1o0a%MIiEA LK, TOBIEER
DR LT, IROERE R2 2/E0, Zh LSV
BEoBRHKESNTVE, EREHIELL,

AT, ROBIEEMEHL

1) it % B & (phenotype) o Bi{H % % H KK
(clone) DHFRHMAR (survival curve) o

2) TR (resistance level ¥ 7 i3 resistance de-
gree) o HAMEEEBRKD 10~100 £EEHEAZHEREL /-
o R A2 R REEAEE (“actual count” &
I & BT 2 ),

3) MR (pattern of development of drug-—
resistance) o XD 3FRICHELL ",

a) Obligatory single—step pattern. MR
12777, MHERERERRLIBEDOALEZLS
na5e,

b) Facultative single—step pattern., MHHEXRH
BEER. 20o0Th b, FHKD S single
step—selection TH oM 5, Hlb, MHERAE
ROBHIIERTH 30, Z00VThbAHFEHKD
hicAEh 3,

¢) Two step—pattern, MiEREREIZ 2 BT, (it
B 2 B D B, RBRGITIE, (B
B IMRHE NG, SRR, FiEoERE
Hodicod RH SN b, Two step—pattern
&, multi—step—pattern D—FTH 34,
BE T3, ThFETtwo step—pattern LD ER
gahTwiw?,

4) ittt EFR (upper limit of resistance)

ERHEVLBELBIGSHHEE, BXRicBD 3
M. tuberculosis Ot E#FF Tid, Streptomycin,
Kanamycin 75 & T2 HERARTH - 7245, Isoniazid,
p—Aminosalicylate T2 EFRA & 5 T & 0353 - 7o
it EFR®, “actual count” HETHIE L, FRHROMmE
BEoffEh» E VS EETRLE,

5) ZURIESAE (mutation frequency) o HELE
HHRMT, EEBEMY 7D ORARERE (resistant
mutants) O HIERIAR,

wE, AT, ROFERITOWTHIL o Strep-
tomycin sulfate (SM), Kanamycin sulfate (KM),
Enviomycin sulfate (EVM), Ethambutol (EB),
Rifampicin (RFP), Ansamycin (ASM), Isonia-
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zid (INH) .

RFP R U ASM i3 propylene glycol iZiAf# L CTH
BERIOEHICERIN L 720 oA, REBKICHEELT
WL 7co

ASM i3, rifamycin SV O#f L WHEHRET, Far-
mitalia Carlo Erba, Milono O2#tic &k - 72,

BF %2 R K

1) INH it

BRI U 3 BkAS, £ TR - it %
R L 7z, 13008 #% iE, facultative single—step—pat-
tern (F&) Tl EHREE 2 (Fig.1) o 13016 #
i3 , obligatory single—step—pattern (O& ) T,
it REHAIT 1 (Fig.2) o 13034 £k i3, two step—
pattern (TH) T, b5 A, MHUEEXHRBII2E
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(Fig.3) o 3#R&E bIClHELRMH 0, £hEh, 100,
20, 100 pg/ml Th -1z, RROMHEE L, ZhEh,
0.4, 1.25, 0.4 ug/ml THh -1,
2) SM iR
13008 #ki1x T &Y, 13016 #kd T &Y, 13034 #kiz O BT
botco REOMHEE X, #hEFh, 1.6, 3.13, 50
ug/mil TdH -t (Fig.4~6)
3 KM iHEER
FRHOmHRE L, Zhzh, 12.5, 3.13, 50 ug/ml
ERM TN, MR 3HELO0RMTE-
foo HIG, JEHRHPICRMERERIRA & WV 2 2 Bl MEEE
LTV, (Fig.7~9) o
4) EVM iR
13008 #kid O B, MHMERBANZ 1> Lhal, it
EBR® 12.5 pg/mil EVWHEVEEICH - 72 (Fig.10),
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Fig. 1.

Pattern of development of isoniazid resitance in Mycobacterium

avium complex strain 13008. Arrows show the concentrations from which

single colonies were picked up.

Survival Fraction (LOG.)

20.

50, 100, 200,  400.

Concentration of isoniazid (#g/ml/)

Fig. 2. Pattern of development of isoniazid resistance in Mycobacterium

avium complex strain 13016.

* Small colonies grown after incubation for 8 weeks.
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Fig. 3. Pattern of development of isoniazid resistance in Mycobacterium
avium complex strain 13034.
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Fig. 4. Pattern of development of streptomycin resistance in Mycobacterium
avium complex strain 13008.
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Fig. 5. Pattern of development of streptomycin resistance in Mycobacterium
avium complex strain 13016.
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Fig. 6. Pattern of development of streptomycin resistance in Mycobacterium
avium complex strain 13034. Resistant mutants could be isolated only after

incubation for 6 weeks.
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Fig. 7. Pattern of development of kanamycin resistance in Mycobacterium

avium complex strain 13008.
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Fig. 8. Pattern of development of kanamycin resistance in Mycobacterium

avium complex strain 13016.
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Fig. 9. Pattern of development of kanamycin resistance in Mycobacterum
avium complex strain 13034.
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Fig. 10. Pattern of development of enviomycin resistance in Mycobacterium
avium complex strain 13008.
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Fig. 11. Pattern of development of enviomycin resistance in Mycobacterium
avium complex strain 13016. Dotted line shows that no growin colony has

not been isolated, even at the rate indicated by the end of arrow.
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Survival fraction (LOG,)
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Fig. 12. Pattern of development of enviomycin resistance in Mycobacterium
avium complex strain 13034.
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Fig. 13. Pattern of development of ethambutol resistance in Mycobacterium
avium complex strain 13008.
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Fig. 14. Pattern of development of ethambutol resistance in Mycobarterium

avium complex strain 13016. No higher resistance was obtained from the R 1
strains.
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Fig. 16. Pattern of development of ethambutol resistance in Mycobacterium
avium complex strain 13034.
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Fig. 16. Pattern of development of ethambutol resistance in Mycobacterium
avium complex strain 13038.
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Fig. 17. Pattern of development of rifampicin resistance in Mycobacterium
avium complex strain 13008.
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Fig. 18. Pattern of development of rifampicin resistance in Mycobacterium

avium complex strain 13016.
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Fig. 19. Pattern of development of rifampicin resistance in Mycobacterium
avium complex strain 13034.
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Fig. 20. Pattern of development of ansamycin resistance in Mycobacterium
avium complex strain 13008.
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Fig. 21. Pattern of development of ansamycin resistance in Mycobacterium
avium complex strain 13016.
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Fig. 22. Pattern of development of ansamycin resistance in Mycobacterium
avium complex strain 13034.
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Fig. 23. Pattern of development of ansamycin resistance in Mycobacterium
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Table  The patterns of development of resistance to antituberculosis agents in
Mycobacterium avium complex and Mycobacterium tuberculosis strains

Mycobacterium avium complex Mycobacterium
Agent : '  Sirams B3R
Strain Strain Strain rains
13008 13016 13034 and Aoyama-B

Isoniazid Susceptibility & 0.4 2.5 0.4 0.02

Mutation frequency? | 1074 —10"6¢ | 1075 1075 1005 —107¢

Pattern® Facultative Obligatory Two step Two step

No. of phenotypesd 2 1 2 2 or 4

Upper limit*® 250 x 20 x 250 x 2,500— 10, 000 x
Streptomycin  Susceptibility 1.6 3.13 5.0. 2.5

Mutation frequency 1078 —10-¢ 10-6 10-6  —10-7 10-%or —10-8

Pattern Two step Two step Obligatory Facultative

No. of phenotypes 2 2 1 2

Upper limit > 625 x > 625 x 20 x >1,000 x
Kanamycin Susceptibility 12.5 6.25 50. 20.

Mutation frequency 10-¢ —1077 1075 —107¢ 106 —10"7 [107%or 1077108

Pattern Obligatory Obligatory Obligatory Facultative

No. of phenotypes 1 1 1 2

Upper limit > 256 x >512x >80x >1,000x
Enviomyecin Susceptibility 3.13 —6.25 6.25 50. 10.

Mutation frequency 107 1075 —10"¢ | 10°¢ 10~%or 1078

Pattern Obligatory Obligatory Two step Facultative

No. of phenotypes 1 1 2 12

Upper limit 2—4x 2x >20x > 2,000 x
Ethambutol Susceptibility 0.2—0.4 0.4 3.2 1.

Mutation frequency 10~ 1078 —1077 No mutants 1076

Pattern Obligatory Faculative Obligatroy

No. of phenotypes 1 3 0 1

Upper limit 8 —16x 32x No increase | 5 x
Rifampicin Susceptibility 0.8 0.4 40. 6.26 —12.5

Mutation frequency 1076 1077 1077 1077

Pattern Two step Two step Obligatory Obligatory

No. of phenotyeps 2 2 1 1

Upper limit 128 x > 500 x >8x >20x
Ansamycin Susceptibility 0.2 0.2 1.25 0.16

Mutation frequency 10-¢ —1077 1077 1077 1077

Pattern ’ Two step Two step Obligatroy Obligatory

No. of phenotyeps 2 2 1 1

Upper limit 250 x 250 x 64 x 500 x

The resistance level (#g/ml) of the parent strain measured by the actual count method (22).

The mutation frequency of the first step resistance.

¢ The pattern of development of drug-resistance.Obligatory, Obligatory single step—pattern ;
Facultative, Facultative single step—pattern ; Two step, Two step—pattern.

d The number of resistant phenotypes.

e The upper limit of resistance to which the test strain could attain. It is expressed as a multiple
of the resistance level of the parent strain which was measured by the actual count method.

Remark. The data of M. tuberculosis strains were cited from Tsukamura et al. (1—15).
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[ U< 13016 % & O BT, Mtk LBRIZ 12.5 ug/mi T
bote (Fig.1l)e ThiTXH LT, 13034 ¥kiz T BT,
itk ERR S 1,000 pg/mILlETH - (Fig.12),

5) EBHRER

EBtMER s, INHOBAEE L, 3HKIHT
Hote 9, 13008 tiid O BT, MHHERBEIME—,
ittt BB & 3. 13 pug/mil &1Eh - 2 ( Fig.13), 13016
B, FRTHERERIIE TS, TOVTND
MEHRPICRE S e, 3 EOMMEOh O O &
bEWVER ORI 12.5 ug/ml TH -1 (Fig.14),
13034 R DT HEE I3 3 ug/mIBETH » 1=, BEHE
EB12.5 pg/miEEMc BT 3 & 10° AHBBALICH 1
BoEIET, ToBEMCHKET 2EENA LN, Lk
L, IhEWV AR Lo ci#iis T, 20
AR A & B &, FEHROZh EE CERHESES L
7z (Fig.15), E1B, MiEMAEB R LR TELL -
7oo B, EBIZ2WVTIE, fhod 18k 13038 ¥k (M
18 W2WTHRR LD, #ofitERERIL, 13008 &k
EELOBTH -7 (Fig.16),

6) RFP ittER

13008 #kid, JEBEDMHER 0.8 ug/mi &{ED - 1205,
Z ORI TETH - 72 (Fig.17), 13016 ¥k &
FRMR DI ERE 0.4 ug/mi &{&D - 7258, TR T
BTH -k (Fig.18), 13034 #ki3, Bk DML
40 pg/ml & -t s, MHEFERZOMTH - 12

(Fig.19), 1L, JRAROMME HE VAT 2 ¥k T,
THERBEIIA 2 b 0, FEHROMEEEHBIEDH SEV
13034 ¥R T, MHRBEZ 1o Ll -7 (FFEL,
320 pg/mil Pl ki3, BEHIWESBLREE—rpropylene glycol
DEPELEBE—TH>1-DTRITEL),

7 ASM fitiER

13008 ¥k 1d, JEHRD ASM TEREAS 0.2 png/mi &K
<, MHRRE TR, MEEREBERI2->TH- 12

(Fig.20), 13016 #k & RERDOMHERE 0.2 ug/mi T, fit
HERE TR, LRI 2-5TH -7 (Fig.2Ds
UL, Mt ERRASHERIES, W& 1250 ug/ml
Thoteo TNIRXLT, FEDOMMEL, 1.25 ug/
ml &HERIEH - 72 13034 #RT i3, R 0 # T,
MHERRE S 1 DTH > 72, T OO LRIZ, 80
ug/mlTh -1 (Fig.22)

ASM 220V T, M. tuberculosis H3TRv ¥kt
HERXSHIE L, ZoERR, MiEERR 0BT,
MHERRIE 1 22 cdb, Mk BRI 80 vg/ml
Th -1 (Fig.23),

% =

1. Btkick a0
etk 3 HkohT, 13008 #k& 13016 £k 2 #kid, INH

B ¥ Eme2k B9 5

RN L LT, IRTOHMEKA (SM, KM, EVM,
EB, RFP, ASM) T HEHIRSZHLE <, 13034 #kid
1Bh > 7o

Al 2 #kiE, SM, EVM, RFP, ASM icBiL TR Ui
HIERERL, B0 1HRIZES - iEEREZR L 7,
—7, KMitoW\WTid, 3#kE bEUMHEXERL,
INHA U EBIZ2W\W T3, 3# 3HFoMMHERERL
fo (Table)o # - T, HBHEZHOFL 2 HREEL
1#k&R, Da< & s SM, EVM, RFP, ASM ico> W
TR - BENERE b2 D LEbNL B, LT,
Al 2 BRIELBOBENEREZ O EBRBEN B, L
7L, INH, EB, KM M%<k 4 2 BzMERS,
LigdFlictd a2 b0 3 THASEEZ SN B,
ok, A—EECELEYSS, Mkt 28
HWERBRL > TV IS H B EMFERS NI,
2 . M. avium complex & M. tuberculosis & Dt

R 0ZE

INH & EB 2R\ T, fio BRI 5
A, M. avium complex & M. tuberculosis & T
R -oTwbEBbhs (Table), SM & ¥ EVM
IZ2WT, M. avium complex 3 ¥ki3,two—step pat-
tern %7213 obligatory single—step pattern T 3
DIt L, M. tuberculosis i3, facultative single—
step pattern TH -7, 72, RFP KU ASM iz
T, M. avium complex Z EEFRUERXRTH 5D,
M. tuberculosis ¥ obligatory single—step pattern
TH»-lo KMIZDWTIE, M. avium complex i3
obligatory single—step pattern TH 2 DIzt L, M.
tuberculosis & facultative single—step pattern T,
HERBEIE 2 D TH >t TDLDIT, MEDOMTI,
TR RT Y, -7, Mk 2 #Z0ERD
RSB T EMRBE N,
3 . M. avium complex OHFERHIMH IR & BEK &

O B

HMEEEBROEK (clone) 13107~ 1077 oMK
TR %2 &A TWo M. avium complex #kid S &
BHEEIED, M. tuberculosis ® & 9 IT clumping %
AREROVOT, BEERGRERL» kT RIEVD
HEOTHREEZON D, M-T, BREBAENEZ
HETHZ I LRBHEETH S, T OEEREEAREHIC
BRELCTI0'~ 107" ORTHE O N MR I HEE
HREFZZTL WV, BonfitEbkoMRizZLE LTV
T, 5~6RIEAL LEBIHR L THRETH %, -
T, BRIB/ENERTH 5 L IIHET, WHEREIZE
RERERICLBMMUR EEL TI, LI EOERA,
M. avium complex IZ 8 % A & FRRER I &
BTEERLTVD, AHUITRLIz LI IT, 3HOER
CEODBEF RSB ONE T LR, M. avium
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complex DIFAE D, M. tuberculosis DIFE &[RRI,
EFREIC L O IHHERASHE T 2 & 2RRELTY
5o

KM, SM, EVM @ 3 #E#ic > W T HEHRZHEOF
W2 KROMMHER%E A% &, KM 1d one step Tramiit
EnBoh5Dic, SM Tl two step Tl U TEM
HEMEON B (Fig.7, 8 & Fig.4, 5, ZHUxL T,
EVM id one step TIEMEREME S0 5 1200 TEMME
ERENT O, #-T, in vitro EBROFERIZ T » S A
5 &, KM iR ESE <, RALF]EEZ SN,
SMMPZhicikE, EVM hPiRbAFEBDLNS, CD
& O SHEER, WMROERBICERS 20 &5 i3, BRIR
MEDHEREF/-RITE S,

DT YD INH, EB, RFP, ASM OWFhico\WT
b, invitro FEROERIZ, EREH CHERBESIEC
BTEERRELTVS,

INH, EB B9 2t A4, 3#k3tkTd 2 DiE
BRZE b 5, HRHIERT O 13034 s, itk
ERERS P o T EBEKNH B, 08A, TR
DORBERMUENE L, BB LIS VWEWVD X5 EREIC
b LBBENBD, TDXHBHKRIT, LA EBM
HESFVOT, BRIERIDBVLEEbN S,

4 . Xt

RFP & ASM 2, & &ic Rifamycin SV OFELE
TH b, M. avium complex ¥D RFP & ASM ixf
T 3EEZMICOVWTI}, WBAWLRXMELSS 5 &b
hz®, Lml, RFP £7:13 ASMEAE T THEL
REO DESRE] K>V TOMRRE 2T TV
Vo AT, ThEfT-75, RFPHEL ASM i
WO BELRXMEELH 5 2 MR ot F— 4
RS 18p - 128 RFP oS hic R, bk (Fig 17~
19) & ASM itk - ThHBEsh iz R, ¥ (Fig.20~22)
D RFP R ASM 123 A HEEIREI L Th » 7o &
72, RofRicoW0Td, ERRBERSE SN, #-T,
RFP TEIR L BA S, ASMIT & » TEIRL 7254
b, FU RFP-ASM iR Eh b DZ L Bbn b,

—%, M. tuberculosis Ti3, SM, KM, EVM ic>
WT, invitro KB THI3BEBEORXMHELA SN
7o W, H3TRv RO FRkOIciE, BB LZ 100D
# & ¢, KM—EVM-VM-CPM-LVM-PM 6 &fii}
HHEH» Eh 3PP (LVM I3 Lividomycin, PM &
Paromomycin)e £7, W oA, SM &iiftEicd 3
&, Eido 6 BRI, SM Efttrkd o i30T
1515 W, UL, M. avium complex DWW T,
F =7 3RE o 12h, SM, KM, EVM Offic £ <
R4 503, SM, KM, EVM iR L, fho
EHcx L, @< BRUEEREOEZEERL 1,
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® &

Mycobacterium avium complex @ 3 ERIZD WV
T, PuEEHhoxtd AMHERBER R AL 72, HIR3
BT, 13034 ¥ki3, INH % B < HUAERANIC TLRIZ
SHAMEL, fthod 13008 ¥k & 13016 ¥R IZLLEHIE D - 72,
M. avium complex ORI, HEHET, 13034 #k
Lo 2 ¥RIE, $EA R - 7R ERL T

(1) RFP, ASM KR ¥ SM iZ > W T, 13008 # &
13016 # & two—step pattern # 78k L, 13034 & 13
obligatory single—step pattern %7 L 7o

(20 KMic2WTld, 3#&E b obligatory sin-
gle—step pattern T, FARIICEEMERD A DD -
1o

(8) EVM oW T, 13008 ¥k & 13016 #kD 2 #kid,
obligatory single—step pattern T, Fik®D 2 ~ 4 £
Ot E 2 /R4 R LA/ S hish - o,

(4) EBRU INH koW, MR, 3#3
BTH -1, 13034 #5513 EB A DBt T Eah -
7o

(5) M. avium complex ITBWT b, FFEkIZFIN%
&, FHRCRRERICHRT 3 LBbh 2MEES
ATBY, JRERFIOMR I X O IEEERF =SSt
U85 EMRBE NI,
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