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Since Tsukamura and his associatesD~% and Steenken et al.® stated on the partial cross
resistance relationship between streptomycin, kanamycin and viomycin, a few one way-cross
resistances were found in tubercle bacilli (high ethionamide resistance produces amithiozone
resistance®~ and high PAS resistance produces amithiozine resistance!®).

Recent introduction of a new antituberculous agent, capreomycin, caused again a great
interest of many investigators to the cross resistance problem. However, the results obtained
by a number of workers on the cross resistance relationship between capreomycin, kanamycin
and viomycin were discrepancies.

The present authors consider, as the origin of discrepancies, the following : (1) Strain;
(i) the workers who wish to study on the cross resistance should use purified strains, derived
from a single colony, and should not use strains that can be a mixture of cells of different
resistance levels; (ii) strain-specificity ; (iii) significance of the drug resistance level; (2)
Method of determination of drug resistance levels should be reproducible.

In the present study, the strains used had been isolated from a single colony. They
were isolated in most cases by one-step selection, as it was possible that multi-step selection
produces changes not directly correlated to drug resistance?®2). The resistance level was
determined by the “actual count method”?2~24. It was expressed as the highest concentration
of drug, on which small inocula consisting of 10 to 100 (in most cases, 30 to 80 were used)
viable units could form colonies after incubation of 4 weeks. The medium used was Ogawa
egg medium, and incubation was made at 37°C. Dihydrostreptomycin sulfate (Meiji), kanamycin
sulfate (Meiji), viomycin sulfate (Parke-Davis) and capreomycin sulfate (Eli Lilly) were used.

The results obtained are shown in Tables 2 to 5 and summarized as Fig. 1.

In conclusion :

(1) Kanamycin resistance or viomycin resistance in Mycobacterium tuberculosis produced
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capreomycin resistance.
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(2) Capreomycin resistance produced viomycin resistance, but it produced not always

kanamycin resistance (two strains from the HgRv strain, which were capreomycin-resistant,

were not kanamycin-resistant, but two of three capreomycin-resistant strains from the Aoyama-

B strain were kanamycin-resistant).

(3) There was no cross resistance relationship between capreomycin and streptomycin.

(4) Slight cross resistance relationship, as two-fold increase, was observed in the ways

from viomycin to kanamycin and vice versa and from kanamycin to streptomycin, but these

relationships were strain-specific and were not observed in all strains.

PSRRI DAL A BIE i 7o o= D1, kanamycin
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RENnl, L LERECEDOFEENEIZ IR,
ethionamide 3 amithiozone DRNICIR HRTL D,

L IANRERR It capreomycin (CPM) ¢ VM
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(3) MHECMBE, TRMEORSIMHEE & Bk
VOO LletioTAdin & bEMYE & Bttt 0
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Table 1. History of Strains

Isolation

Strain (Method of selection)*

M. tuberculosis Hg;Rv

Streptomycin-resistant| One-step, 50 ug/mi(1957)
Kanamycin-resistant | One-step, 100 #g/mi(1959)
Viomycin-resistant One-step, 50 ug/ml(1958)
Capreomycin-resistant

(a) CPM 50a-R One-step, 50 ug/ml(1966)
(b) CPM 50-100bR | LWo-step, lggﬁgﬁf(i‘ggs)

M. tuberculosis Aoyama-B
Streptomycin—resistant! One-step, 1,000 #g/mi(1957)
Kanamycin-resistant | One-step, 1,000 zg/ml(1958)
Viomycin-resistant
(a) VM 100 a-R
(b) VM 100 b-R
(¢) VM 100c-R
Capreomycin-resistant
(a) CPM 100 a-R
(b) CPM 100 b-R
(c) CPM 200-R

One-step, 100 ug/ml(1966)
One-step, 100 ug/ml(1966)
One-step, 100 ug/ml(1966)

One-step, 100 ug/ml(1966)
One-step, 100 ug/m!(1966)
One-step, 200 ug/ml(1966)
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Table 2. Susceptibility to Kanamycin of
Various Drug-resistant Strains

Resistance level dertermined by
“actual count method”

Strain
Kanamycin (gg/mi)
h 0 10 20 30 50 100 200
Hg;Rv parent by + — — — - - _—
HgRv SM-R |+ + = — — — — =
HyRv KM-R [+ + + + + + + +
HgRv VM-R |+ + = = = = — =
Hg;Rv CPM 50 a-R i + + - - - - - =
Hg,Rv CPM 50-
00 bR i+ - - - - - -
Aoyama-B (A) i
parent | + - - - - - =
A SM-R + - - - - - = =
A KM-R S+ + + + + +
A VM 100a-R T+ o+ - = = = = =
A VM 100 b-R T+ - = = = = = =
A VM 100 c-R 4+ - - - - - - =
A CPM 100a-R + 4+ + + 4+ - - =

A CPM 100b-R = + —
A CPM 200-R [+ + + + + - — =

Abbreviation. Streptomycin-resistant strain=SM-R.
Kanamycin-resistant strain=KM-R. Viomycin-resistant
strain=VM-R. Capreomycin-resistant strain=CPM-R.
* Description “One-step, 50 ug/m!” means that the strain
was isolated by a one-step selection with the concentra-
tion of 50 zg/ml. All strains were isolated as single colony
and maintained on the Ogawa egg medium without drug
until their use for the present study.
BB I OFIUBKL DO IR b b Ltttk T
bHho FEDOHEIE, FITTRLL. BHRIZWVTh
single colony 7 LRt h, FEHIL L S AR
Ihic, MEEOKREIRR L RRCTRODT, &
2~5 KEHIh T3,

i, 1% MNIES#E A ic, 17~18X170mm DFR
BEWC 8ml FOREL, 90°C 60 SWE Lico AT
ROB DA, VIR EEINCEML, RnREY
D% ¥FK/R LI, capreomycin sulfate (Eli Lilly)
(=Capastat), kanamycin sulfate (B ¥4), viomycin
sulfate (Parke-Davis), dihydrostreptomycin sulfate
()

Mt RIE R, “Actual count gk 29~ 1z X Df-,
1% NI REC 4 BEROEY, FFRAEarv
T 10 FERE L TH—LL, ThickfRKEMLT 5
SEBEL, EHEvroT, 4~Tmg/ml o EEEED
oo TOWEKE 10 EHERLT 10° TRWAD, B
¥, 107%, 1073, 107*, 107° D SEOHEHEY B A
foo #MEZ 0.02ml % deliver 33BEHEEC X b,
BEBLEDCIIAVTARFIZEILT, 37°C 124
BEEE L. (RERSFEE T AR L
Th\v)o 4 BH, HEHLHE L, NEEHIIC 10~100

In “actual count method”, the drug resistance level is
determined as the highest concentration of drug, on
which small inocula consisting of 10 to 100 viable units
can grow. The reading of the growth of colonies was
made after 4 weeks’ incubation at 37C.

EHEYRTRINT, EHHROB S REERE TRtE
ExFb L, ERDOHET, £Flic 10~100E%DE
BEYBLDITHIIL, 70% TiX 30~80 £% % B 5D
ZRIh Utco

ERRRG LV ER

EREEEE 2~5 WRL, ThExR1iIcEIE LT,

1. KM &%t (k2)

VM mittees, SM itk 0 KM S 13 &R EE
(parent strain D) LR U Th 5o

CPM fiftEEd KM REFMITERK I L 2T Rics,
HgRv © CPM itk 2 8k & & KM RETH B8,
FILUB o CPM fitth#ki, 3 #kdh 2 #kAs KM i, 14
2 KM BHETH %,

ZOFT R CPM fift:—KM ftEDBafRIciz, &%
HEBERMENRLD L b, A—HWKICHET S
DTy, HAOMMERgCL>T KM it Ais 270 b,
o) T5, 8F 5 CPM fistEnrt KM 4 #
5BAE, —HEOHBRERME ORLZL 5D
&E\bn%o

2. VM Bt (&3)

CPM fitEgkix, HgRv B3RO 28k, HFILBHXRD 2
B, H4#krd VM @k Th B, —F, RICRT LS
i VM ek d CPM it Th %555, CPM ¢ VM
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Table 3. Susceptibility to Viomycin of Table 5. Susceptibility to Streptomycin of
Various Drug-resistant Strains Various Drug-resistant Strains
Resistance level determined by Resistance level determimgd by
Strain “actual count method” Strain “actual com?t method
o 10 2% L5100 w0 s00 o 1 FTEOTNEE 50 100
Hg;Rv parent s Hg;Rv parent ++++ 4+ = - -~ —
HyRv SM-R [+ + = = = = — — HyRv SM-R +++++ + + + +
HyRv KM-R + + - - - - —- = HyRv KM-R + A+ A+t + - - =
HgRv VM-R + + + 4+ + + - = HyRv VM-R +++++ - - = -
HyRvCPM50a-R | + + + + + — — — HyRvCPM50aR |+ + + + + — — — —
Hsz}é(;fbggM 50- + 4+ + 4+ o+ - - — Ha{ggb(—:}:M 50- ++++4+ - = = —
Aoyama-B g?]?ent o4 - - Aoyama-B l()ggent A+ F++ - - — —
A SM-R I+ + - - = - - — A SM-R +++++ + + + +
A KM-R ‘+++————— A KM-R +++++ + - = =
A VM 100 a-R + + + 4+ 4+ + + - A VM 100a-R +++4+4+ — == - —
A VM 100 b-R + + + + + + - - A VM 100 b-R +++++ + - - =
A VM 100 c-R + + 4+ + 4+ 4+ - = A VM 100 c-R +++++ - = — —
A CPM 100a-R + + + + + - - — A CPM 100a-R +++++ + - - —
A CPM 200-R + + 4+ + 4+ - - = A CPM 200-R +4+++4+ + - - =
Table 4. ?usceptibility .to Capreox?ycin of ¥7: HgRv o VM fifleis (1) &, FIWBDO VM
Various Drug-resistant Strains
Resistance level determined by etk (385) & CPM Mk TdH 5o
Strain “actual count method” SM mﬁiﬁﬂi CPM Eﬁ"i"ﬁﬂg{t?);&h‘o
o 5 0PECI 30505 a0 4. SM REEM: (%5)
Hy,Rv parent + 4+ 4+ - — - - = WFhOfiftEbkd SM Rt 8 7 BRIk
H;;Rv SM-R +++—-—= - - — — VA%, KM itk 2 (S BED SM Witk E o LR %
Hg;Rv KM-R ++++4+ + + = - RLize HILBD CPM fithtk b FF SM mHE» L
Hy;Rv VM-R l+++++ + + - — ALTuwieh, HyRv Bkfmsko CPM kit SM K&
HyRvCPM50a-R | + + + + + + — — —
- Fig. 1. Cross Resistance-relationships amon
Hsig(;’b?ll;M %0 T+ 4+ o+ + - - ¢ Kanamycin, Viomycin, Strepton?ycin ¢
| and Capreomycin Resistances
Aoyama-B ;(;:x?ent = — — - —
A SM-R T+t - - = - - CPM T VM
A KM-R (+++++ + + - — ! A
AVM100a-R |+ + + 4+ 4+ + — — _ f b
A VM 100b-R | 4+ 4+ + + + + + 4+ — | SE
A VM 100 c-R }++++++____ ; E:‘
A CPM 100a-R  + + + + + + + — — E
ACPM 100b-R |+ + + + + + + — —
A CPM 200-R  + + + 4+ + + + — — Y ]
SM <L KM

& DENCIIZEXHED BB L\ 2 By

KM ¢ VM DB T3, HyRv © KM fittgikiz VM
BETH B, FIUBDO KM itk iz VM Wit A2
¥ 2 T 7e DT %, SM [iHtERRIE VM RHETH B,

3. CPM Rzt (%4) ‘

Hy;Rv o KM fittEtkd, FILUB © KM i # #k 3
CPM fittk & 7co> T\ B,

Arrow with actual line (—) represents that drug resist-
ance to one drug produces drug resistance to another drug.
Arrow with interrupted line (-=——-) represents that drug
resistance to one drug may produce drug resistance to
another drug, but such phenomenon is not always observed
and seems to be strain-specific.

Arrow with dotted line (----- ) represents that drug resist-
ance to one drug may produce slight increase in drug
resistance to another drug and the phenomenon is strain-
specific.
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HRTHHEHRIC I oT KM T2 BENARICRK D,
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D&ERTFBRTREPFRITIR 20Dk, &1
CHEBEEDAARR TH O LIXEDR N, & ZILHER
2HFED, UEOREEZZELTHIEIINS X & Th

Z?o

A EDRED D, 1B bEREDOER XTS5 &
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WThOFERE L b ERL R LR R 7y SMik
BITHERAINDIREMEYHERT S T Bbhts,
X KM & CPM oW Fhr i 2 (L R &5
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ARFERE HoRv Mk X OFIUBEE A & 5B L 7=
SM, KM, VM, CPM fittkkk% VT, “actual count
B CCREEXRIE LoD, TR O FELHREL
o

(1) VM itk CPM DR ik X MitED 5
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(2) KM fit#kiz CPM it T % 2% CPM fitik
BT L e KM fitETit /ey HyRv g3k o CPM
ttEdki 2 Bk & KM RiETHokn, FIUBHEK D
CPM Mtk Tix, 3 #keh 2 Bkat KM Witk 1 Bkoiiiik
Thotco CPM fifthiko KM R M 12 B ks Rtk s
b5, CPM WAL T LS KM itk % 5 bl
Titie\e Lchi>T CPM fitthnt KM Mtk # 5 5
B, MEREROBGIT I A0 LBbhd,

(3) SM fttte CPM fittk, KM mttk, VM fiftk
DEIIERRTIMEDOBRRILI . HoTh 2 57
BEDTHEEE LR 2R T BMATicE ¥ 5,
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