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IN VITRO SUSCEPTIBILITY TESTING OF NONTUBERCULOUS MYCOBACTERIA
TO STREPTOMYCIN, KANAMYCIN AND ENVIOMYCIN

Michio TSUKAMURA *
(Received for publication November 7, 1988)

In vitro susceptibility testing to streptomycin, kanamycin and enviomycin was carried
out in nontuberculous mycobacteria and the results were compared with those of M.
tuberculosis strains. Among nontuberculous mycobacteria tested, only M. xenopi strains
exhibited similar minimal inhibitory concentration (MIC) values to streptomycin with M.
tuberculosis strains. On the other hand, M. xenopi, M. malmoense and M. marinum strains
showed the same MIC values to kanamycin with the MIC values for M. tuberculosis strains.
The MICs of enviomycin for M. kansasii, M. malmoense, M. szulgai, M. xenopi and M.
marinum strains were similar to those for M. tuberculosis strains. Out of 64 strains of
M. avium complex, the MIC value similar to that for M. tuberculosis strains was shown in
16% of strains to streptomycin, in 42% of strains to kanamycin, and in 50% of strains to

enviomycin.
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Streptomycin (SM), kanamycin (KM), envio-
mycin (EVM) OfiREH B s 3EHIZ, <
L F T, Mycobacterium avium complex /& §LiE,
Mycobacterium kansasii BEIE D R# T, rifam-
picin (RFP), ethambutol (EB) 7% & o il 5 £ #% |

EHFHLTHVONTE . GRRYY, BEHBR), L
DLBHBS, ZOHEICIAMLSER» S 2biFTIEREL,
FERA PR OIER & L CIBR L S h 7 lA M D B,
ZCT, bhbhid, Thd 3FOHEERRBEE (non-
tuberculous mycobacteria) <X 9 5 FHPHIL/EH
ZREL, ZOMHIIBRES ZhESHREFLLS &
A1z,
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{7 L 7= Rk AT SE— D& 205 %kTH %, C
hoOEKIcE, [1%/NIEH] ZHVT, SM,
KM, EVM o549 5 &M% AE L, RIESEH LR
B (MIC) & LT# L7, Streptomycin sulfate (84
BB H31), kanamycin sulfate (BAIE®EE, H
1) #B XU enviomycin sulfate CGEFEEE, #iD 3,
EEKCERL, 0 15%, BEATO/NIEH 100 &
WA THEDEEE Ui, MEWRBICMHH LR
1%, SM, 200, 100, 50, 25, 12.5, 6.25, 3.13, 1.6,
0.8ug/ml, KM & EVM & 400, 200, 100, 50, 25,
1.5, 6.95, 3.13, 1.6, Opg/mlTdh - to BMEKIL,
10mg/mlEk& L, 20 0.02ml > 2iREASE
TRBEHICHRE L 72, RE O, 37°C 14 HIEEER
1Z{F =72 (M. tuberculosis & M. xenopi & 21 HIE#E
%, M. fortuitum \& 5 AEE®R), HEOFEMAIR"
ICFCE L oo

153 ®

Hiid, Fig. 1~9 1R L7,
1) Streptomycin &M (Fig. 1~3)
M. tuberculosis 20 ¥k iz %94 % SM @ MIC i, 3.2
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Fig. 1. Comparison of the minimal inhibitory
concentrations of streptomycin against 20 strains
of M. tuberculosis (@—@), 64 strains of M. avium
complex (O—0O), 30 strains of M. scrofulaceum
(LA, and 20 strains of M. fortuitum (V---V7).
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Fig. 2. Comparison of the minimal inhibitory
concentrations of streptomycin against 20 strains
of M. tuberculosis (@—@®), 30 strains of M. kan-
sasii (O—0O), 26 strains of M. marinum (&—2D),
13 strains of M. malmoense (X---X), and 7 strains
of M. simiae (OHD.
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Fig. 3. Comparison of the minimal inhibitory
concentrations of streptomycin against 20 strains
of M. tuberculosis (@—@), 23 strains of M. szul-
gai (O—0), 12 strains of M. xenopi (&), 20
strains of M. nonchromogenicum (V--/), and 30
strains of M. gordonae (X---X),
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~12.54g/ml Tdh - 1o M. avium complex 64 £k
X3 2 MIC &, 12.5~>200ug/ml, M. scrofula-
ceum 30 #RIT Xt 4% MIC & 12I1X[E U, 12.5~>>200
ng/ml TH - 72 M. fortuitum 20 #Ricxfd 3 MIC
3, 200ug/ml oz hldbTH->7%4, £/, M.
kansasii 30 HRicxt 3~ 5 MIC 13, 12.5~50 ug/ml (2
HRIZBIAKIT, ThEDEV), M marinum 26 Bic
Xt 9 % MIC &, 12.5~100ug/ml, M. malmoense
13#kIcxt 3 3 MIC &, 12.5~50pug/ml, M. simiae
THRICET 5 MIC 14, 100 ug/ml 72132 NPl LETH -
720 M. szulgai 23tk icxtd 5 MIC 13, 12.5~50 ug/
ml, M. nonchromogenicum 20 #kicxt4 % MIC I3,
12.5~25ug/ml, M. gordonae 30 #kicxtd % MIC
3, 12.5~200p4g/ml T& » #20 LILED &L, i
BPRRE O SMERZ W3, —#Ric, M. tuberculosis
LD HED > 7245, M. xenopi 12 RiXt3 3 MIC @
A3, 6.3ug/ml T, M. tuberculosis £13IFEHE L2 -
7o

2) Kanamycin &ZW (Fig. 4~6)

M. tuberculosis 20 FRicXtd 2 KM @ MIC i3, 12.5
~50ug/ml TH-7, THICXFLT, M. avium com-
plex 64 BRIC K9 5 MIC i3, 3.2~>400 £g/ml & K&
TSN B - 120 DEISASS, M. tuberculosis WPLEd
B EZM AR RTINS > 720 M. scrofulaceum 30 £RiC
xtd 5 MIC i, 256~200ug/mlTH->71o F72, M.
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Fig. 4. Comparison of the minimal inhibitory
concentrations of kanamycin against 20 strains of
M. tuberculosis (@—@), 64 strains of M. avium
complex (O—-0O), 30 strains of M. scrofulaceum
(&6—A), and 20 strains of M. fortuitum (V--~7).
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Fig. 5. Comparison of the minimal inhibitory
concentration of kanamycin against 20 strains
of M. tuberculosis (@—@), 30 strains of M. kan-
sasii (O—0), 26 strains of M. marinum (&),
13 strains of M. malmoense (x---x), and 7 stra-
ins of M. simiae ((C3—).
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Fig. 6. Comparison of the minimal inhibitory
concentrations of kanamycin against 20 strains
of M. tuberculosis (@—@), 23 strains of M. szul-
gai (O-0O), 12 strains of M. xenopi (&), 20
strains of M. nonchromogenicum (V--V), and 30
strains of M. gordonae (x---X).
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Fig. 7. Comparison of the minimal inhibitory
concentrations of enviomycin against 20 strains
of M. tuberculosis (@—@), 64 strains of M. avium
complex (O—-O), 30 strains of M. scrofulaceum
(&—=N), and 20 strains of M. fortuitum(¥V--~7).,
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Fig. 8. Comparison of the minimal inhibitory
concentrations of enviomycin against 20 strains
of M. tuberculosis (@—@), 30 strains of M. kan-
sasii (O—0), 26 strains of M. marinum (&),
13 strains of M. malmoense (x---x), and 7 strains
of M. simiae (G—0D).
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Fig. 9. Comparison of the minimal inhibitory
concentrations of enviomycin against 20 strains
of M. tuberculosis (@—@), 23 strains of M. szul-
gai (O—0), 12 strains of M. xenopi (&), 20

strains of M. nonchromogenicum (V---V), and
30 strains of M. gordonae (X:-+X).

fortuitum 20 Bk i< Xf 3§ % MIC &, 25~>200ug/ml
TdH - 1o M. kansasii 30 #Ricxf3 % MIC i3, 12.5~
400 ug/ml, M. marinum 26 #RiZxt3 % MIC &, 25
~100 ug/ml (1 ¥kD &1L, BIZMHIIC 6.3 ug/ml), M.
malmoense 13 ¥kicxtd % MIC 14, 3.2~50 ug/ml T,
M. tuberculosis £ 0 b PR EHVEZMHEARL e, M.
simiae THRITXF 9% MIC &, 400ug/ml¥/cidzh
LIET® -t M. gordonae 30 HRic X9 % MIC i,
Kb TIEASIL £, KB4 3. 2~100 ug/ml T&H » 1275,
1413 400 £g/ml TH - 720 M. szulgai 23 #RITXT T
% MIC 13 12.5~100 £g/ml, M. xenopi 12 #RiZxt 3
% MIC iF 12.5~25 ug/ml T, M. tuberculosis & 0
bR RBEZMNE D - foo M. nonchromogenicum i<
%t4 % MIC 13, 25~100ug/ml (1 #7211, HlsH
12400 ug/ml) TH -1,

3) Enviomycin &ZH: (Fig. 7~9)

M. tuberculosis 20 ¥k i< X¥ 3~ 2 EVM @ MIC i3,
12.5~50 ug/ml T, KM ® MIC & iZIEE L TH » 72,
ZhiT LT, M. avium complex 64 ¥Ric X3 % MIC
i, 3.2~400 ug/ml & IEASIED - 720 KM O &
Bic, —Hotko EVM &5 1E, M. tuberculosis
LRE%EE - RZENLULETH - oo M. scrofulaceum
30 BRiCXtd % MIC 13, 12.5~100 ug/ml T M. tuber-
culosis & H R R &L, M. fortuitum <3t 3 % MIC
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&, 100~>400ug/ml T, M. tuberculosis £ 0 b3
B0 EZWEDME Y, M. kansasii 30 #RiCxf 3 5 MIC
13, 6.3~50ug/ml, M. marinum 26 #Rizxtd 3 MIC
13, 6.3~50 ug/ml, M. malmoense 13 ¥{icx4 % MIC
136.3~25ug/ml T, T 3IEEICHT S MIC D43F
12, M. tuberculosis & bESZMASFH VI LERLT
W3, M. simiae 7 ¥kid, EVM ITHt L T bRESZHESE
{, MIC 3, 100~>400ug/ml T& - 1co M. szulgai
23 ¥k Xt 94 % MIC 13, 3.2~25ug/ml, M. xenopi
128Xt 3 5 MIC &, 12.5~25ug/ml, M. non-
chromogenicum 20 #Ricxtd % MIC &, 12.5~50 ug/
ml, M. gordonae 30 ¥Ricktd % MIC i3, 3.2~25ug/
ml, W¥hb M. tuberculosis E[E U», Th&D b

BEMEDEP - To
% 2=

M. tuberculosis 20 ¥k (&, §U#EH% F{E FH B O ffiks 1%
BEBE,I SO NI kTH B H, Thicxtd b SM
D MIC 3 3. 2~12. 5 ug/ml, KM @ MIC i3 12. 5~50
ug/ml, EVM @ MIC iF 12. 5~50 ug/ml TdH = 72,
—F, 1gMETEREL S 2 KmMbEE i, SM30ug/
ml?, KM50ug/mi®, EVM 36 ug/ml® &S h
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TW3, 420 MIC &M EE % LT 58, SM DA
RREZIME L, MPEE L MIC OBFRD SHHAEET
H50, KM & EVM o4, Mg k& L < MIC
HETEE, BELTHIBRBESNE»E D DL
RlicBbns, ZoBZ%IE, KM, EVM Ofi& Q&K
ShERAH, SMITHEBZEARLTVLAEDD S LA,
—J5, PRt SM, KM, EVM 2inA CEEL, 99
BEAZEES S 25E, SMOAMfiid1/41c, KM &
EVM D Fffi 13 1/6 IC 55 37, COHEDHIL,
TMBETER LI MICEL T2 EbEL LN 5,
D &I icEINIZ, KM, EVM 0 AMERBERM b5
M- K5 IBbh3d, 2hEE BETH 3 AR
DIFET, THhoDEHD, WHEEDOHEEFKELT
WADLHHREE LB, TDL DI, M. tuberculosis i<
4B MIC 2L LT, FisEHOIEERTIBELE
T AMBERTET B L, MEOEENS B, L
ML, TITR, FOLIREHEARMLAEES, BB
LZOWEELTHLD EEH, SM, KM, EVM i,
BEICHERF E LTI N ERTH I, D, M
tuberculosis I3 3 MIC Z#RE#IC LT, Tho5DH
KoERMEEHE L TAB I L bFENIbDEEDLN
b, T T, M. tuberculosis 20 ¥kicxtd % MIC @ L

Table Percentages of Strains of Each Species, the Growth of Which was
Inhibited by the Minimal Inhibitory Concentrations (MICs) Equal
to the MICs for Mycobacterium tuberculosts Strains

Percentage of Strains
Species*
Streptomycin | Kanamycin Enviomycin

M. tuberculosis (20) 100 100 100
M. avium complex (64) 16 42 50
M. gordonae (30) 40 97 100
M. kansasii (30) 30 67 100
M. malmoense (13) 77 100 100
M. marinum (26) 8 92 96
M. nonchromogenicum 55 60 100
(20)

M. scrofulaceum (30) 20 63 83
M. simiae (7) 0 0 0
M. szulgai (23) 0 78 100
M. xenopi (12) 100 100 100
M. fortuitum (20) 0 25 0

*The number in parentheses shows the number of strains tested. The MICs of
streptomycin for M. tuberculosis strains ranged from 3.2 to 12.5ug/ml, those of
kanamycin from 12.5 to 50 #g/ml and those of enviomycin from 12.5 to 50 #g/ml in
Ogawa egg medium. The testing of susceptibility was made by the use of inoculation
size of 0.2mg wet weight of 10 day—old cultures (M. tuberculosis 21 day—old and M.

fortuitum 3 day-old cultures).

The MIC was determined after incubation at 37°C for

14 days (M. tuberculosis and M. xenopi after incubation for 21 days and M. fortuitum

after incubation for 5 days).
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BT 5 SMI12.5ug/ml, KM50ug/ml, EVM 50
ng/ml 28 - T, T OO MIC 2/~ TRKDHLE
%, FEMIC >V THE LER% Table iIimd,
L, Togs, AREoRER, &FEHIOWVT,
M. tuberculosis IZXId 2%R EDOHETITONE D
Thbh5, SMEXOHEMA 70 %, KM BXOH#
EMWMH I %BTH-72ELTdH, KMOANSM &b b
RITCHRDBH 2L ERTHOFTRAEWVWI LICEET
BMEDRD DB, LPLEBS, RO EBVWZZITH
%o M. tuberculosis BRIEIC X T 5 SM DXR A
BTEZ HERNL, M. xenopi BGHED AT, IRII,
M. malmoense JEGHED 171 % DIEBITH 5, flD K
BIETIE, TOHENE > LKW, M. kansasii EGE
iE T, 30 %, M. avium complex B Tl 16 %
KT ERV, bL, AYOERKREZ, SMOMpEE
30 ug/ml i\ MIC 25 ug/ml i B3 EBEXHFIL 30
%I B, TNTDH, YUIFIKIBNE EVM D 50% &Y
HEVYe TOVWTNAEROERIC—HKT 5013, HE
DEGRFFE DFER AR OMIZ 7T 0,

KMIiZoWTHULZ&E%2EZ 5 &, BKIECHT S
KM O%R I 2B ffFcExz 5801, 90
% LI E DM 50 ug/ml LI'TF @ MIC 2779 M. mal-
moense, M. xenopi, M. marinum DRRGIETH 5
9o M. quium complex fiE T, EHID 42 BITEZ
1w EMFENS, RIS, EVMIZOWTEZ 5 &,
Lo &5 BESGHHFOLESFOEELZ W, %
FEICX 3 3 EVM O$hRICILE T 2 R h 3
D3, M. kansasiifiE, M. malmoense i, M. szul-
gai fiE, M. xenopifiE, M. marinumiE T& %, M.
avium complex E T &, EHEORIE 50 % T, 3#
DOHTHREW,

PIEiz, M. tuberculosis DEZMEIEHEL LT, &
HREOBZMERE L0 TH 55, Tk GBI
MM S 5 T & bIehid 2 LEND 5, TURRBEGIED
LI, REVEVEOBYUEDIRE TIE, RIHOEHE
EMEEL, 20X BEA, STRERBEASEEL T
5 EEbn b, HEELAOTIBRE O XM IHEFRI O
HPRREFIAE 1L, 7, BEAEPHEINTVEN,
b L, »3PIBEY, HEE (M. tuberculosis) &0
b, BOERERHEL b > TBIIE, XKOARSICiE
REFSRE L TRESENE B> TLESITH A D,
Lichio>T, BZUNBEILTH3Hh» 5, HROEZDE
ALEILERBVABVTHS D, Lk -T, TTRIT-
THEER, BBLEORYSFITELE B, LWV T,
B, JEEBITBEOPEKAIERZIH I >V THaH S
NTVRVER TR, RO LS BHFHES, —>OfE
BHEBEELELBRETH S,

Fits
&

FeLBE B I9F

&

S

fEx oWBE® SM, KM, EVM icxtd 3&ZH%
REL, Th%E M. tuberculosis DREESM &L 1o,
SM izt LT, M. tuberculosis & \ZIFEEDEZHA
RLIZDR, M. xenopi DA TH->to KMIZH LT,
M. tuberculosis ICVEE$ 5 EZHE2/R LicDid, M.
xenopi, M. malmoense, M. marinum T & - 7,
M. szulgai D¥RD 78 %, M. kansasii D¥ED 67 %,
M. scrofulaceum % @ 63 % b, T D XD BEZHEE
AL Te EVM It LT, M. tuberculosis iIZHHIET %
WA R L CERER, 3FlobhTROEZ L, M. kan-
sasii, M. malmoense, M. szulgai, M. xenopi, M.
marinum TH -1z, TS OEEDORIE M. tubercu-
losis it %t 4 5 MIC & [EEE O MIC THIExh i,
M. avium complex 64 kT, M. tuberculosis i<xfd
%50 EE%ED MIC THIEEh2EHROLEESH B &,
SM 16 % (MIC 25 ug/ml % & 4113 30 %), KM 42 %,
EVM50 % T - 12o
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