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STUDIES ON THE INFECTION OF DRUG RESISTANT
TUBERCLE BACILLI*

Part 4. Experimental Studies on the Infection of
Low-Grade-Resistant Tubercle Bacilli

Toshio OHSATO, Kenji KUDOH and Masakazu AOKI

(Received for publication September 14, 1968)

The results of experimental studies on the infection of SM or INH low-grade-resistant
tubercle bacilli were reported. The methods and results of experiments were as follows :

1. The infection of SM low-grade-resistant tubercle bacilli

1) First experiment

24 guinea pigs and 30 mice were infected intravenously (0.1 mg in the former and 0.01 mg
in the latter) with Kurono strain grown in SM 1 mcg containing Dubos medium (SM sensitivity
of bacilli is demonstrated in Table 2), and each of them were divided into three groups . i.c.,
in guinea pigs, treated with SM 10 mg, KM 20 mg, and the control ; and in mice, treated with
SM 1mg, KM 2mg, and the control. The treatment started at 3 weeks after inoculation and
continued for 4 weeks. As shown in Table 1, SM was ineffective on the animals infected
with SM low- grade-resistant tubercle bacilli. SM resistance of tubercle bacilli isolated
from viscera of animals showed the increase of resistant population for 10 mcg SM (Table 2).

2) Second experiment

6 guinea pigs were infected with 0.1 mg of SM low-grade-resistant tubercle bacilli subcu-
taneously and 6 guinea pigs were infected with 0.01 mg of the same strain intravenously and
sacrificed at 6 weeks after inoculation. SM resistance of tubercle bacilli isolated from the
spleen of guinea pigs showed the increase of resistant population for 10 mcg of SM, and the
increase of resistant population was observed also in the examination of the subculture of
the bacilli which was used for the infection (Table 3).

30 mice were examined by the same method as in the first experiment. As shown in the
lower part of Table 1, SM treatment for mice infected with SM low-grade-resistant tubercle
bacilli demonstrated no therapeutic effects. Tubercle bacilli isolated from the lung of mice
also showed the increase of resistant population for 10 mcg SM.

2. The infection of INH low-grade-resistant tubercle bacilli

1) First experiment

24 guinea pigs and 30 mice were infected intravenously with Kurono strain grown in 0.02

* From Research Institute, Japan Anti-Tuberculosis Association, Kiyose-machi, Kitatama-
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mcg INH Dubos medium (INH sensitivity of bacilli was demonstrated in Table 5.), and each
of them were divided into 3 groups:i.e., in guinea pigs, treated with INH 2mg, 0.5 mg and
the control ; and in mice with INH 0.2 mg, 0.05mg and the control. The treatment was started
at 3 weeks after the inoculation and continued for 4 weeks. As shown in Table 4, the thera-
peutic effects were seen in the treatment groups according to the dosage of INH given. INH
resistance of tubercle bacilli isolated from viscera of animals showed the marked decrease of
resistant population for 0.02 mcg of INH (Table 5).

2) Second experiment

6 guinea pigs were inoculated subcutaneously and 10 mice intravenously with Kurono strain
grown in 0.05mcg INH containing medium and sacrificed at 6 weeks after inoculation. Tu-
bercle bacilli isolated from the spleen of guinea pigs and the lung of mice showed the decrease
of INH resistance (Table 6).

same methods mentioned above with Kurono strain grown in 0.1mcg INH containing Dubos

The same number of guinea pigs and mice were infected by the
medium and sacrificed at 6 weeks after the inoculation. Tubercle bacilli isolated from viscera
of animals showed the decreased resistance for INH (Table 6). The decrease of resistance
was also observed in the examination of the first and the second subcultures of bacilli used

for the infection.

The authors concluded that SM low-grade-resistant tubercle bacilli may have much more
significance for SM treatment than the INH low-grade-resistant tubercle bacilli for INH treat-
ment. The interesting fact was the increased resistance for SM of tubercle bacilli isolated
from animals after infection and that of subcultures of SM low-grade-resistant tubercle bacilli

and the decreased resistance for INH of tubercle bacilli isolated from animals after infection
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and that of subcultures of INH low-grade-resistant tubercle bacilli.

The results mentioned

above give important suggestions for studying the problem of primary drug resistance.
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KE R EHEY P oI THZ L3RS TH B, KRR
RYPD TP DT 50y, EiftEd R L
Flic X 5 BER AT b e B A OB R T 540
ERHHH, DX EPIRIIEEERTECE . T
ZTC, SM &t INH EfR4EE % A\ T in vitro ¥
Xt in vivo 0RBRETIeV, EftEERREOTHR LK
HTsdzriclis

RRHEL AR

1. SM {EfttEERGc B+ 5 EH
1) #1E%ER
SM 1mcg &7 Dubos $Eiiz 7 » / ¥k 0.2 mg %%

&L, Biz EPO-B ®NEEHz X % Density A% 0.18~
0.2 (Blanc | Dubos #£2#1) = & L 7= ®% 4 mg/ml
L{RFEL, 0.01mg (1.3X10° AEHH(T) % 24 TED=E
NEy POBIRACEREL, “hy 3HzaT 3 8%k
h 4;8 SM 10mg, H»3\ i KM 20mg o 5%1F
fev, THEEBCEIR LA, ¥7: 30 lED=w 20X 0.1
mg (1.3X10% A BEHAT) #iiRACEEL, SR T 4
i, 3B% LY 48 SM 1mg H%5vvk KM 2mg @
BEE T2 BIRER L,
ZORBIRIWCR LI 51, ELEY b, =9 R
DVWFTHIZE TS SM ORBEHRIZIZLALED b
niehotc, ik KM oBEBEAIE B LTH 5
2, KM OEESHRIZHONCEDE Z EMNTE L,
Fcerty FOME ~ v ROMBEHSELL 1%
NaOH B % 1% /Nssita Fv Bk X 2T SM
Mt D population % % L7 K DFE 2 TH 5o
SM DBRBEIRTRETH B, ZOME»LARD L,
BRI L THYOMBEANOED SM Mtk ik B
FICHR LT b, Hc 10 meg it E2ih 7 b DR
B bhtco SM it D ERITMBEEIIC IS\ THEED
bhicz th b, BmERIcEsT s SM itk o R/
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Table 1. Response to SM Treatment for
Animals Inoculated with SM Low-
Grade-Resistant Tubercle Bacilli
1) Guinea pig (Inoculated 0.01 mg—1.3X105—

intravenously)
Macroscopic indi e Viable bacilli
Group Vi pic indices }/Spleen * isolated from
is= Lymph Total index spleen/10mg
cera | nodes sl i (Log)

Control \ 7.4 1.1 0.629  2.6232
SM10mg ; 7.1 4.3 114 0.606 = 2.7076

Spleen welght (g)
Ao womos S, .x 100
Body weight (g)

2) Mouse

(1) First experiment (Inoculated 0.1 mg—1.3
X 108—intravenously)

Group Speciﬁchltling ‘ i‘gsg:gdb?:grlr:
wele ' lung/10mg (Log.)_
Control 177 ‘ 4,9477
SM 1mg 158 | 4.0502

(2) Second experiment (Inoculated 0. 1 mg—
1. 95X 10%—intravenously)

Viable bacilli

‘ Specific lung isolated from

Group

weight* lung/10mg (Log.)
Control 134 ! 4.327
SM 1mg 136 . 4.504

* Lung weight (mg) x10
Body weight )
Notes : SM treatment was started at 3 weeks after in-
oculation and continued for 4 weeks. 8 guinea
pigs and 10 mice were inoculated for each group.

SM DHBBEHRXZ L ETIRLERTH»H LE X,
KROBERBRE T2,

2) H#2MEER

1 EER L Ee SM 1mcg 47 Dubos sz 1z
#BLIZ = 7RV, 6EDEAL £y bz 0.1mg(1.3
X10° ABEHNT) T IcE@EL, 0.0lmg ¥ 6 EDE
ey FOBRACERL, BEETKELT7ETH
Blto =V ATRE 1 EERAFEDOFETERET L2
o TOFER SM EREEE RSP LI~ ALK T3
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Table 2. SM Resistance of Tubercle Bacilli
Isolated from Animals Inoculated with SM
Low-Grade-Resistant Tubercle Bacilli
(4 weeks’ reading)

Proportion of SM
resistant bacilli

Imcg/ |2 mcg/ ilOmcg?
m/ ‘ m/ | ml

|
Animal, Viscera Group 1
| | Omcg

Inoculum 100 72 | 49 . (0.1)

GMMJSI |Control 100 70 60 | 17
pig | SM10mg , 100, 82 . 78 | 24

[Control | 100 89 = 74 | 2
Mouse Lung‘ |
iSM 1mg

| 100 85 | 65 6

SM #EIIFE1DOTERIRLAX S, £ Z0%R%E
BDDBZEMTE DD, BBHNOED SM iHtEidE
31/RL7c X 5 10 meg fittEEE > population DIEHN
FHEPED bR, ZOFEETE TR X ORI ER
LicEREDE L2y F OBROEIIEVTHEDL
Ntco LcdioT SM Bt E% #E L -t Ac s
% SMitED ERIZBERIC I OTCHERE S hicbid T
HBHH, BCERE L LEOMERE XTI ol B
M EOEY AV CTHEERIC X AR E X T DK
HTYH, 30X 51z 10meg jiif #4 8 o population
DHMHED bt

2. INH {EftEERIc BT 2 7%

1) F1MEER

INH 0.02 mcg 4% Dubos e RE Lic2 » /£
(0.18~0.2 Density) ¢ 0.01 mg (8.7X10* A BHHA(T)
UTEDELEY bD, 0.1mg % 30 ED=7 ZADHE
RAEEL (BEEEO INH fittoRizE 512 R L
72),3 B®%2 5 4 B0 INH BiEx Tl o #ic bk
Lo INH oBiz®rEy F T3 2mg k5 X8 0.5mg/
EALEY b, TV RAIEWTIZ0.2mg ¥ L 0.05mg/
VY ATHBo TOMBUTE4ITR LI, =Ly
P, =Y ROWTFICEWT S INH o 5B LT
B 2 TR B R RS b o

Fler Ty bOREAN, = v AOMMBEAROED INH

Table 3. Second Experiment on SM Resistance of Tubercle Bacilli Isolated from Animals with
Inoculated SM Low-Grade-Resistant Tubercle Bacilli (4 weeks’ reading)

Group of experiment

Proportion of SM resistant bacilli

Animal Viscera 7
Inoculation | Treatment Omcg | 1mecg/ml ‘ 2mcg/m! | 10 mcg/mli
Inoculum 100 89 67 1
Subculture (Growth on control medium) 100 72 36 | 29
Gui . Spleen 0.1 mg subcutaneously Control 100 ’ 77 1 61 i 9
uine ee .
apig P 0.01 mg intravenously Control 100 | 86 i 67 6
i ] ]
. Control 100 | 91 88 \ 15
Mous: Lung 0.1 mg intravenously i
€ SM 1 mg 100 | 93 79 22

"Notes : 6 guihea pigs and 10 mice were inoculated for each group.

(1 mg contained 1.3x107 viable bacilli).
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Table 4. Response to INH Treatment for
Animals Inoculated with INH Low-
Grade-Resistant Tubercle Bacilli
1) Guinea pig (Inoculated 0.01 mg—8.7 X 10¢—

intravenously)
Group ii\fdgcroslf;:;hfnd_ices V/Sﬁx Zs;a}gltig??g;
cera | nodes | Total P ?Ie.gg())mg
Control 11.8 | 13.6 | 25.4 1.039 3.2856
INH 2mg | 5.7 4.3 ]10.0 0.428 3.7634
INHO.Smg\ 8.9| 8.9)|17.8 0.719 3.0899

2) Mouse (Inoculated 0.1 mg—8.7 X 105—

intravenously)
Group ‘ Spec'ﬁc lémg i‘;ﬁgigdb?:grg
weigh lung/10mg (Log.)
Control 1 85.55 | 4.3284
INHO.2mg | 58.22 3.017
INH 0.05 mg ‘ 65.29 3.6712

Notes : INH treatment was started at 3 weeks after in-
oculation and continued for 4 weeks. 8 guinea
pigs and 10 mice were inoculated for each group.

it E BB Lo THRE Lo, TORBILE S IR
Lick 5ic 0.02 meg MEEEILIZITTTLIIHERL, BH
D HEDIE T 25D bhfco INH it 0IET 13 &R
BHTLREDLNILDT, IOAYBEECT LD, ®
PEWEEY BV THEERE T2,

2) S 2[[EER

INH 0.05mcg 3 X 0.1 mcg 4 74 Dubos E2ithiz
BELILZe 7R BOBDO6EDELEY POFE T L
10 oD <=y ADOMIRMC EBE L (#E&EE O INH
ittEIzE 6 R L), MEBEL T 6 BHIEKRL, L e
v b OBREA, ~v AOMNED INH ftxE#ERC
IOTHRE LI, FhBiEfLTiookcEo INH fiH
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Table 5. INH Resistance of Tubercle Bacilli
Isolated from Animals Inoculated with INH
Low-Grade-Resistant Tubercle Bacilli

Proportion of INH
resistant bacilli

Animals Viscera Group | 0.02 0.05 0.1

‘ l Omcg |mcg/ |mcg/ |mcg/
- ml ml ml
Inoculum | 100 | 64 |(0.33) o0

Control 100 0 0 0
Guinea Spleen INH2m8’ 100 (0.43) 0 0
0

pig
INHO0.5mg| 100 0 0
Control 100 [(0.65)] © 0
Mouse | Lunge |INHO0.2mg| 100 0 0 0

INH(.05mg| 100 [(0.78)| © 0

HA Ao B EoEE AW THEER R L b BE
INH Wiite%#8N, To#HBCEE i LTHRERED
B INH xR E Lo ChHbORBIIER6ICRL
~Z & <, INH fifttE o population |3 in vitro ¥ X
W in vivo DEBROWTRIEE W THBE LA I E M
FDd bR, EBVWIECBTLTWaEA‘A DRI, &
DFEBIEIEOERBELXFRL T30 LELL
hah, =vRickits INH [WgEoETiELrEy b
CETHBERATIIRW X 5 THOR,

RRRROBIFELER

Wb B Kt R IR RIC RIS TR OV TR
HTAENTERY T2 ER SMlimeg 6%
Dubos ¥z REE L, 1% /M T 10 meg MiHEEY
BLAERDEVEED SM EfitEEx#EELI-ere
v PR LU=y AT 5 SMOKBEDRITIELALR
D HRhEhDlk, ZOEREHEVT, BIWEEBEANOED

Table 6. INH Resistance of Tubercle Bacilli among Subcultures of INH Low-Grade-Resistant

Tubercle Bacilli and that Isolated from

Animals Inoculated with the Same Strains

Viable bacilli Proportion of INH resistant bacilli
Strains used Bacilli examined . from 07025 0.05 01
viscera/10 mg Omcg | mcg/ml | meg/ml | meg/ml Imcg/ml
Inoculum

- 100 | 50.2 | 45 166  11.8

Culture in 0.05 mcg
INH Dubos medium
(3.85X105/mg

First subculture
Second subculture

—_ 100 92.7 21.8 1.8 0
— 100 78.8 40.4 3.4 0

viable bacilli) Spleen of guinea pig 385 100 72.3 16.9 0 0
Lung of mouse 996 100 | 79.9 | 45.5 | 10.7 2.4
Inoculum — 100 }100 | 912 | 2.2 | 25.7
C;g“;; ;" 0.1 ;’f“g First subculture — 100 | 75 321 | 149 | 0
I ubos medium Second subculture — 100 [116.7 | 49.2 | 29.9 0
(6.8% 105/mg
viable bacilli) Spleen of guinea pig 108 100 54.4 36.9 1.5 0
Lung of mouse 1,598 100 78.3 91.5 15.4 9.9

Notes : 6 guinea pigs and 10 mice were inoculated with 0.1 mg of each strain, subcutaneously for the former and

intravenously for the latter.
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SM HEI B BERAT 5\ T L @ WH RN DOBT A0
bh, ThiSMoEFHRLET xR THSS
LEZIDTHDN, O L3BED SR X OTH
ZEhico Eic SM fiHED EHE in vivo DIt 53
R X B in vitro DERIZFTHHESI W ico K
P 1% SM 1mcg &% Dubos iz 5 Ui H, #%
<V ATHEEL, SM BRYTAEOLBAO MM E ©
SM Mt LR L TWIcHEE #ME L T b, LAl C
DHERIY, EEFRNSBEOREIRIATWLLDOT
SM fittE D LR SM 512 XD TBE I nTch & 5 h
B BTV,

INH (EfittEERRR O 1 @R T, TE &
WETHOdn b Likvwg, Bbaie INH o
FHRERVBDBD bhico ZOBEAKD B FIX, HHEREN
DED INH MENZERET LT W L Thd, £
T, ROEBRTEEDROMEDL bR 24, INH K
it in vitro 3 XN in vivo DD LB KT
Lico BERICHGZEO INH itz 1 @b D X
YEVWIHEETH DA, M X >T INH o
THrARDBI, FloerEy P ORBAOE S THEET
#RUlco INH it EOmEE T oWTieg < o
£k h, BHELY L INH HEMEERY = v
Ty FOBENOBEOMEENZEBHET Lickko b b &
LEBRELCH, SEOFRCACBEDEMHEEIC
BOTHTTEHEDETORD bz LITEKRDH
BLEThbo LDLTYARBLTULIRLRRE DK
BERTIS THbBo F1EDEREEVTUL=Y AT
bELEY MERT S LERICH LK T 23R
Dot F2EDOERICETIL<Y ADIGAED
INH iitepETizer ey FEEH TR M2k K
Y, W<y A% v INH EREE © RYPER
T INH D ETERRD Ty, LD T= Y R
TEWTRELEY P bR BRAEDERIGERTZ L
DBEZ bhB, Lo L INH FERMEED %7 &FEfE
BWTberEy MEAT INH [HEQETARS B2\
5 iI—Ch¥EBICe ORI U TIEDH B Z Lt
TERVIR LTS —0EMHED 5\ 2R GYs at
THEGETHEBRRIE S WTH A 5, INH
BEMEERRO o2 L1k, ¢ P RHTHHENOE
T, BRBEEENC KT AHEDETHRERTHA S & E
ZIeDTHHMY, X b EWTHHEEIC 35\ T b RERETH
HARAETLTERBIhAEEELRDD DL £ 2 bh
b0 Frcflic XoTh INH @ErUE T35 & 3hiX
INH o #)EfittE 0 HRICIEMERED FEC X b 7 e
DOBENETHTHEM LY ZERERT LS VW TH A
o BFER LEBRE LY ¥ —DORBEX B LIEHWD
Wik, INH iEOERNRDIRENL DI & AR
EINTWwWb,e
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Lk SM 3 X0t INH ofEfEEEKRLN o\ T & 5t
LickER, SM & INH & CiRiEgRE» bATEDE
BHRILDLDEEL LRBM, T EREOM M H#
BOKEIN SM r INH & CRERENRDHLIHTH A
5 LHERR LT,

] ]

SM 1mcg 4% Dubos $#3h3s X v° INH 0.02 mcg 4
7% Dubos iz KB L7 v /bR ELE Y F B IV
=y AREREL, 3B%XY 4.8/ SM H5\ 3 INH
DERE T >THBEL, BEHRLHRFT S Lk,
BBENOBEOMEDET % Ao Fiz SMEMHEEIC
BT 2 MERBEEREYTIoOTHEERME ¥ #X, INH &
it B D\~ Tit 0.05meg 38 X ¥ 0. 1mcg 4% Dubos
B RE LIcr v/ R BB L DA OEDOINH
THEDREEZBRE Lo TOBRKRDOERE B0

1) SM Mtk & Lo LTt SM o
FHRILT LA EBD OO, T DRERIIEER
XD THENDBZ ENTES

2) INH {EfitEE (0.02meg ¥HEH) MM
BTz INH o BERSFITHE LD bhice

3) Btk L SM ERME 213 10 meg fift:
HLELALEThTwiehoid, BoBBEHOE
@ SM 10 meg fittEE > population (XML T i,
Ut SM B 5&fTieb/t WHBHC SWLWTHRD S
H, MR X3 in vitro DB SV THBEIh T,

4) INH 0.02mcg, 0.05mcg X 0.1mecg 475
B RE LB EE LY, Bcerey Mok
Wi, BEMOEO INH R SMETERL,
M X B in vitro DERBRIC IV TH R IC kDK
THARD LR,

D EDER,» L, EMEEREOZEFHT SM & INH
LTRMNE DB SDOLELLNR BN, SM Kt ER
BIBELEAREHEYETH 0L Bbh b,

EFI R ERICHAT SARRROEIE

ARIBICOWTHE A DH AN DR DI FERY 4
BEEDTHMELTE LN, ThHOREYBETHE
KDL 5 CEREINDBTHH 50

KEOFETME A7 L SRE 10 ERERLLED
7, MMEENLRRD Shighotcht, NRERSID
Z L EBEARRTROEMREIPCEERTH D, KPR
BB ETH A HEO/NRTIROEmME I FEF I EHER
CRAD bR CDBE INH kR EIR & /NEic s
WTETRT, MR EWT X b EWHERYRTE &
ﬁ;ﬁﬁ éh'fs‘.o

¢ INH BEREERIIC OV TERITHE L
TR, INH BEMEEOBNOET L RE#ARK
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