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STUDIES ON THE INFECTION OF DRUG RESISTANT
TUBERCLE BACILLI*

Part 3. Experimental Studies on the Infection of
INH Highly-Resistant Tubercle Bacilli

Toshio OHSATO, Mareichi TOYOHARA, Masakazu AOKI
and Hiroshi HATORI

(Received for publication September 14, 1968)

To clarify the reasons why the infection of INH highly-resistant tubercle bacilli is much
less frequent than that of SM highly-resistant tubercle bacilli, the following experiments were
<carried out. The methods and the results of experiments were summarized as follows :

1. First experiment

The proportion of INH resistant bacilli in the strains isolated from 9 patients discharging
bacilli completely resistant for 5mcg INH clinically, was examined by using the proportion
‘method, and 2 out of 9 strains did not show full population of resistance for 5 mcg INH.

2. Second experiment

1) To examine the changes of resistance for INH and SM by successive plantation, 1077
mg or 2X1077 mg of Schacht strain were inoculated into 20 Dubos media, respectively (Schacht
strain was obtained from Borstel Institute, and showed high resistance for INH and SM). Their
resistance for INH and SM of were tested after 4 week incubation. The reading of resistance
was made at 4 weeks after the inoculation and no change of the resistant population for INH
and SM was observed.

2) Guinea pigs were infected subcutaneously with 1 mg of Schacht strain or HgRv resistant
to INH 50 mcg and mice were infected intravenously with both strains. One or two animals out
of them were sacrificed at one, two, three, six, nine and twelve months after the inoculation,
and macroscopic findings, weight of the spleen of guinea pig or weight of the lung of mouse,
the number of viable bacilli in viscera and the INH resistance of bacilli recovered from viscera
were examined. The results are shown in Tables 1 and 2. The bacilli recovered from the
lung of mouse showed no decrease of INH resistance. From these experiments, the authors
concluded that the reverse mutation did not occur in vivo within 12 months.

3. Third experiment

Guinea pigs were infected subcutaneously with 1mg of strain isolated from patients which

* From Research Institute of Tuberculosis, Japan Anti-Tuberculosis Association Kiyose-
machi, Kitatama-gun, Tokyo, Japan.



474

“E B48% F1F

showed complete resistance for 5mcg of INH. Six strains were examined and six guinea pigs
were used for each strain. The vilurence of these strains for guinea pigs were markedly
different from each other, and generally speaking, these strains showed the attenuated virulence
for guinea pigs (Table 3). INH resistance of tubercle bacilli isolated from the viscera of
guinea pigs inoculated with KUBO strain showed the marked decrease of resistance for INH
(Table 4).

4. Fourth experiment

Subcutaneous and airborne infections with INH 50 mcg resistant HgRv incubated in 59,
CO, incubator, and subcutaneous infection with in vivo bacilli-obtained from lung homogenate
of mice inoculated with the same strain and sacrificed at 4 weeks were performed for guinea
pigs. After 6 weeks, the animals were sacrificed and examined macroscopic findings and the
number of viable bacilli in the spleen, INH resistance of bacilli recovered from the spleen was
also examined. But, no increase of virulence for guinea pigs was observed.

Guinea pigs and mice were infected with INH highly-resistant strains and treated with
predonisolone for 1 to 2 months starting at one month after infection. As shown in Table 1,
no marked difference was found in the results between the treated and the untreated guinea
pigs. Guinea pigs infected with INH 50 mcg resistant Hg;Rv and treated with increasing dose
of old tuberculin, showed macroscopic lesions in the lung and the liver at 6 weeks after inocula-
tion, whereas no lesions were observed in the viscera of guinea pigs without treatment.

From the above experiments, the authors concluded that the attenuated virulence of INH
highly-resistant tubercle bacilli and the decrease of INH resistance in vivo after the infection

might be the main factors which give influence on the lower prevalence of the infection with

INH highly-resistant tubercle bacilli.
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INH SEMEEC X 2RERFROLRRGC L I3 §
HEDO—BLIRBETH 5, B 41 FEifTicbh -5
DOPIEIEHEDORKFDY Th SM 100 meg FE4iittE i L
INH 5mcg E2MtEDFEIIZ LLEL, FHEED
D—AKXELY DR TH, YR INH 5 meg 5241t
PR R LISBE THREEZIT 7/ Bicks Tk INH
Smeg D% R & fehotc, INH SERMSER D
Pl WERE LT, ERY, Brer ey PIFLT
BDOIRHBHOWEE, B A LT HEHDOET1RS
BIDTHBHLN3EL TS %, INH [t o2
vy MCHTAENORMEEOREL 1953 ZEi Barryd),
FE Y, Middlebrook 5% iz I oThkXh, FOKSE
BORBBENLIhTW32%, INH & B i iR
FD VI WRERITE— b DTiEieunhd Ll #
CTELS BAEEEELEEL, ZhicounwTERIFE
TV, Thbo O, INH B g Ry R
BB+ sz it Lo
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RRFAEE R

5B 1:INH 5meg % %\ ix SM 100 meg 554t

BEGOMMED Population =2\ T

FRIK EomitEgR# < INH S5meg T2tk L Xhi- 9
BRIZD\U T Proportion Method iz k2T, DRI
R LR 2 #1x INH 5mcg iz Full Population
TR IOl i SM 100 meg FELfittE & ShT
Wo 58D 5 B 1 #kix Full Population % /5 X 7ehvo
o

EEy 2 : INH o Reverse Mutation iz B3 2%

(1) in vitro »%E : Schacht # (Borstel BF7eAf
RV THH—H AR EREL X v 53 hi- SM
1,000 meg SE4fitthld I, INH 50 meg 522t 100
meg REELMHE AR T#) % Dubos iz 2 BRI %
L, chnb 100"mg (H#FE 1.4 2), 2X107" mg o
BDOED 20 &D Dubos iz L, 4 B HIL
EPO-B BFEHT 0.2 LI Lo Density %55 Lizd D

BHEDOED S5 KDWY, 1074 1078mg »EfE L
T SM, INH it % 7o, WEETOEDS i
P DI ote,

2) in vivo m5EEs : FijiC Schacht #: & INH 50 mcg
5E4fitt L Lizc HyRv @ Dubos % % 2L 2w D
ETHEMETIC 1mg ¥, = Acit Schacht #ix
0.001 mg (1.4X10* =), INHS50-R # % 0.1mg (4.3
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Virulence of INH Highly-resistant Tubercle Bacilli for Guinea Pigs
treated with/without predonisolone

(inoculated 1 mg subcutaneously)—Observation from 1 to 12 months—

| Viable bacilli isolated
from spleen/10 mg

Table 1.

V Spleen index

* Specific lung weight was calculated as follows:

X10% =) #RMIRX &L, 1, 2, 3, 6, 9, 12
Atic 1~2 IEFEo8 L, Ay b OfE F, B
< ZADflixiH%Et L 1% NaOH MEk 1% /I
EBLT INH ofifErRE L7, TOBRIELR
YUK 2R LIX iz, By MCHT BEILE
TLEIRIZ LA EDETE Dok, SROEE T
Lx o= AT WTid INH iR Fixildbhis
Mot

%8 3: INH ZEmtEELEHOELEY MITH T B
FHNLWRMEKEO INH it

INH it EHRD LT v NIRRT 5 I, £D
FIBIVOKRDLESWRLELL S CEHTHSFI LTS
LML MATH B, BE»S G L INH ik
DELE Y MIRTBECOWTER LIcREDRT
#3T, Lab4krvThd 50 meg ELMEKRTH
D, KD 2ERDMMEITRD L4 ITR LT L TH Do
FOWRRIT 3R LIc X S Bk 0B DES ¥V
THh, KAZAMA $kD X 5 Zhis Y ODBHAERTLO
LH5A, FBE Lz w/kk 0. 1mg BEEFICIEXT
53¢, HICHBREREBTH O,

RO H 5D LHBRAOED INH it & 0 ZE BHTH

Months after inoculation \7771 2 3 6 2 | 1 2 3 6 12
x| Control | 0.365 0.30%9 0.38 034 0275 /88 4 0 0 0
o T —_
&' Treated | 10mg/d(1month)| — 0.479 — 0.32 0.31 — 025 — 0 0
2 9 | with pred-
-2 ? | onisolone | 5mg/d (2month) — — 0.338 0.32 0.30 - - 0 0 0
5w I Tl — S e E—
2 g =4 Control 0.435 0.37 — 0.33 0.18 0 0 — 0 0
@ Treated with predonisolone
— | p 18010 _ _ _ _
EM‘ 10 mg/d (2 month) 0. 41 0.36 0.29 0 0 0
Dt ! _ R — I B S _
Notes : Predonisolone treatment started at one month after inoculation.
* J/Spleen index was calculated as follows : /Splew%?_x 100
Body weight (g,
Table 2. Virulence of INH Highly-resistant Tubercle Bacilli for Mice
treated with/without predonisolone
—Observation from 1 to 12 months—
| seecincimgweige _tvom bung/ l0mg Lo _
Months after inoculatlon f 1 2 3 6 12 1 2 3 6 12
£ téo&, . Control 91.3 188 85.2 100 157.3 1 3.36 — 2.99 2.39 3.74
lg |Ex i
| 8 |2 3-2| Treated with predoni- | o L _
g ; g.‘_oi H|solone 0.1mg/d(2month) 528 129 134.3 3.93 4.30 3.93
8 g - — - - —
% go{ téo's c Control 101.2 84.3 — 130 139 \ 3.72 3.87 3.78 3.65 3.94
g.’.I:”‘-—« 2-2! Treated with predoni- . [
:IZ:‘!,: sg ’solone 0.1mg/d(2month) 90 214 152 i 4.17 3.52 3.78 4.12

Lun_g' weight (mg) %10

Body weight(g)

B, ROENS AFHFTORYERL, 4+ BTEHRL
fcerEY PTE, B, O, BouwTho®Ed INH
POLEHERIIhDkd, 6 BEHR L 2EDO L
KUBO $kTiE 1R LicX 5T, B, B BHas 5
L 7cE o INH Wi P0IBT LTV oo RRICE
ExL 7 ITAYA BRCixiittED LENiRD S hichofc,
(COFWKDOHENILIDISIIZZIABETHS).
B 4 : INH iR kO L 2y MTT 5 HH
IR B AR

(1) BRI FFEEZLLIRSE

5% CO, Incubator = Dubos }Zihiz 3 X 5% % L
INH 50 mcg jittE HyRv $k AW TROERE T2
t2o B L LTEBOGMT 34 Dubos H5itnc ks L
7- INH 50 mcg figty: HgRv #k& Fiv 7o

(a) KRTRYE: inROWkEs0RD 8T DX
ALEy FOETIC 1mg F2 (5% CO, Hieph—2.7X
107, Wl AR5 R 2.55X 107 L EEH() {4 T L 6 MR
CEIB LA, VEREIRI L b 0. 47 2R L, B
CHRRAEE R RO, BGRAERL MR E
R hOt, FRBEBAHO INH 2R L2 s
Righrote,
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Table 3. Virulence of INH Highly-resistant Tubercle Bacilli Isolated
from Patients for Guinea Pigs
o Strain Viable bacilli
! & I — /10mg (Log.
E ("O_CUI"""> Macroscopic indices « Spleen index g
< size - r T r 1 Spleen Liver
2 1 6 8 10 12
AKAZAWA 0.61
(6 300) 3.3 2.43 | 2.40
*1 SATO 2o 3 ; 1 Viscera
(6.8:<10°) - 0.61 2.45 2.34
" D Lymph nodes
¢ | SHIRAKAWA
21 (654107 0.46 2.30 | 0.69
KAZAMA 7
(o.gaxl0) (i 8.5 12 0.61 2.9 | 1.78
%2 . :
ST 10.7 oo | 20 | 208
b KUBO -
o| (3.25-107) / 6.9 |05 0.62 208 | 221
x2| iy o 0.35 | 0.9031| 0.9074
INH-50R ,
21 (4.3x107) 0.43 |~0.284) o
v
-
KURONO ~
(235 -10°) 0.73 3.0 2
Notes : 6 guinea pigs were inoculated, 1mg subcutaneously, for each strain (0.1mg for KURONO strain).
* 1. Bacillary suspension was made from culture on 19, Ogawa media.
« 2. Bacillary suspension was made from culture of Dubos media.
Table 4. Proportion of INH Resistant Bacilli Isolated from Viscera of Guinea
Pigs Inoculated with INH Highly-resistant Strains Isolated
from Patients (6 weeks’ reading)
! Viscera from Viable unit on Proportio; of INH resi;tant bacilli o
Strains which bacilli control Media — e - e
were isolated (/10 mg) 0Omcg I 1mcg 5mcg 1 50 meg
‘ — ~ :
| Inoculum | — 100 77.2 66.3 ‘ 66.3
ITAYA ‘ Lung | 65.7 100 108 108 i 71.7
" Liver 946.7 100 98 79 ‘ 80
! Spleen 112.5 100 115 96 ! 75
i Inoculum — 100 106. 4 74 7.8
KUBO | Lung 33.5 100 , 0.4 | 0.2 | 0
; Liver 122.5 100 15.4 13.2 | 2
" Spleen 163.7 100 0.2 | 0.2 ‘ 0

VNotes : Virulence of these strains is shown in table 3.
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(b) BARE: WEEYFHRER 16 EDEAE
PRBARRAIT 72\ — BEit 5% CO, BT 4.2X
108/ml, ¥SHELHEE T 6.7X 105/ml, T ARSRNL 30 —
581 LUI0BHRICHR Lic, WRRYE, VERBE, It
BIUOHAEER BRI B 2200 hT, &
o INH WEDET & B b highot, fots, =D
AETRELISPRICBEMELTL, REBFOMC
BDTL D DIRENRD L htz, L Ui L fEEA~D
HERYRDT, VEREIESeL®y F DIEZTME
%~ Lo

(¢) in vivo BORKY : L@k 1mg Fox*
hER 0RO~y RORKIRE b BB L, 4:8%c ik
LTk A€ 4 714 ALTHBL, Mk 6EF>D
ELEy PORTIZERL — 5% CO, BiX 7.9X 108,
EHEEEL2.35X10° AHEMN — 6 BRICHIBR L,
EOFER, WThoerzty Mok THLHBRKREYE
DY, Frb I A BDOERTHE LicoKRT, I, Bh
DUIXEE S L X 72k Dtc,

LAk INH MithE% 5% CO, LML, KT
BIURARKL, HB\ii~v 2EEHO in vivo oD
BEw el Ty MR LTER Lch, EOoBNR1EH
TRDHZ LIZTE ) Dl

(2) BE (2rzvt) QOEHYELBE

(a) ZvF=vwavigh : Schacht ¥ % X vt INH
S0 meg jitd: HyRv phriE@E Licer ey b B X U=
AL, REEB1IIADB NI 2HAMT LN =Y ey
251 —5~10mg/ErEy b, 0.1mg/=w 2—, %
DEOEHGE L ELERE L LB L, ZORBIZTD
DEIBIVE2RT LIS, LTy MTEWLWTIEA
BB LIS THHHRCHRFEXER T 27,
B AERERCS BN Lisds D,

(b) Y=z yv (OT) 4fF . INH 50 meg fif ¥4
HyRv B% Ilmg F o T Lizer 2y biz OT
TEREECES L, REOEBRRIERE Lico

ERPIE 1P OT AFE 3 BHICERL, OT AE
THEAT. RRY 3, 6 BHICHIR, H 28 0T UE 38
TR L, TOHRMEMLE T3, 6:BRICEIB, £ 3H:
OT 4 1 B, OT ME%&TL 3B, 68
BicHIB, 4R 1B OT WEHERL, £ D%
WALE T3, 6 BHRICHIE, 58 B @Akkic OT
Wit BRR L, 38, 6 BEICHIK. £ 65 R ENE
o

OT Ex 100 f& OT 0.2—0.4—0.6—0.8—1.0ml,
DT 50 £ OT 0.2—0.2ml Foffil, \T 25 £%
OT # 0.2 MO, REC 1045 OT T@HiHLT 1
ml TE LD ZhE#t T 2 HER T Do

FERERMIIEORD 12 BFODELEy b RFER
L, 38z 6TE, 6 Bic 6 FEEEIR LIco & 6 FEDOXBH
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THBICHRRE X Bl b D2 eh 2t & Liddhk o
AEEE AOCICERBUE LA TH O, OT Ay
TIEIH BB S TR EDEDL 1L DA S
Do ThebbE 15 3 BEKRT 6Tt 21E o iz, 2
HTIX 6 BEKRTSEF 1D, 4TEDFi, 3BETit
6 BEIR TSR 1TEDffIC, 48 TIX6BEHHBRT4T
F1TEDFFC, 5 BT 6 BEIRTA4EH 3T 0 Fic %+
hEWRE LR EDI M ED X 512 OT B —iic 6 8
DUB—Z LI OTHiSH B IIFCHFERIELZ LT
e, BRREARDB LIZTERIDE, ohb
DEFFREHECTH-DOFERL LT, KL% 100
& OT 226 DR 5217722 T, 638, 9 BITHIKR L7:
LT A, 6BT 12 L 3D, 2 DFFICRZE >R
TeAt, 9 BTIE 12 B D 5 BIRER DI Didieho
oo

Chb—#HoERIC T, BMAEOBEEERCYL S
THHERAL & 177Dl R. MBI TIIEEIL 0 Th otk
2, OT LB TIThLEEY L X, Ll
BRI 10D -2 —ThHY, ¥ INHWHEOEHIL
BDB ieh Dt

PR b45 s, INH fEBEOBH & HR X
DAL, BB LI itz iehDt,

REBERROBIFLER

BRSO S5\ ik INH 5meg 5527 © 48 B3
SM 100 meg SE2iMttEDIRE L TE L 7ev23, Z00E
itz v~ Tix INH S5meg ZMEDHBEITZE L E
Vo FEFRI41 F OB ORUEY T b KGR L BB BRI
FiF 5 SM 100 meg SELi D AR O ratio 13 0.24 T
» %A, INH mcg SE2iMiE TI3 & 0 ratio 11 0.033 &
7eb, INH 5meg TLMHEEOREBEDE L  E N
NGB TDFERLILARTREET 5 ENTE
OhDERFEICT, CHCESHWTERY TR DR £
DRFPELIZERDZ ELTHBo

1) INH 5mecg ELMHERHELTW52 X hT
WA BEDOEIZFMCHA B & Full Population Ty
BANS DO TR /oDy, —Hic SM 100 meg 58 £ i
HLERTWAELERT—

2) fcrx INH ZEMEECTRELTL, % LEE
B 2 collic ADfk A ¢ Reverse Muta-
tion AR ZDOTEY, EitESDIZEMEL FR S h
BDTILIe\ D

3) INH BEMMEECER LGS, BB T ELD
TbTPCEETATOI0E LhWEHEC L B30
TIXTe\ Do

4) CoRifEE LTr INH EEERHERIZ ok LT
BIMETLTWBC LM E LB,

BUMET LTV 2+, INH BEMER < &
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B RYPRF LB E QT Bk s D LB e D TR\ 72
5 5 D

LEDZ L 2EHYEX LD TH B2, H10 INH
£ D Population 2o\ Tik+ G s BB OB EY
KETZIen2lz L b5 545, INH 5meg 52t
Bz Full Population A34r7gus 2 v 5 & it 2 7e\
X5Th3,

5 2 DRy D Reverse Mutation & D\ Tit KB
RV =Bk Homogenisity » R IC 7 5, Schmidt
LY DEE A\ - KB ESER T, homogeneous 7B
7% Reverse Mutation ##2 = L7 & #1445 X h, Leufflard-
Guy-Loe 6P 2[F UHk& B Licer ey M 14
B#01D THEBERENZED LR, Z ORICHE O
T, 37ciH Reverse Mutation AR = D L HE LT
Who L LEELDELEY FOERTIZ1EETO
ez D X 5 iRt RIzRD 6 highofch’, tbBEY
HEPTH B0 TLFEORELRD I~ v ATIkHE
DETIXED L hish Dk,

3 DOMEECE T h 5 RMEEIC X 2RBOFREMED
MBTH Do R L HHERE RS LI in vitro®~
) in vivo!®~ pEEECILiHEE D Population D
DHEBDICRENE L, FLBEGREYRRLIEBE LR
BOBRENBORTWBI9, 4 DEE T $ KUBO
¥ INH iz er ey MERTHLMLIIETR2RL
Fco L7z#3-DT heterogenous /oiittEEE TiX, RERHRIC
i@ > Population HZLL, &Mtk B\ LR L
FEINhAWERIACHD 55 LBbh3,

# 413 INH BEMEEOBNETOMETH S,
NEY AT BHEHADOETIX, Barry 59, FEFLY,
Middlebrook &%, Meissner!, Morse 59, [I¥%%
DHEEDND Do L LBEKROFIIILIh DBIEK
ETHLOMRDH LIBREINT V2, i INH fif
BEI~Y AR LTI TFABENERTZLIFEET
Hbo ThboBmeT B ANCHTIEENLE
25 LIX TRV, ARBERERCAGLRW
M BRI SR B D ity FEIRAC INH i 5
THEMAN2 D LIELIEZRDOh B Z b b ATk
ZEAXET LNV ETEH0 Y, FEMMEGIR
BN TBEDEDH D, L LIEERHHE
FEDLSRBEBHDOTBHEELONTWAEIT X 5RESH
THFOFEBREHheh LIELIEEAAEDLRB L
WHEXBE, BRI EINLEWOTHDOENIE
TLTWARWL W 27w INH BERMMEE © At
FTAHEHNIAPETFTLTCVSEd, LThiaw e bEERTS
S TERLVA, A ULETLTWS e ThE, ZTORK
BFIRCIIEEUDEELR N D EEL T B LD LE
Zbhb, Steenken 52V 3Ly b HEMICT A
iz xoT, INH BEMEEC X A E%E * RELR

B 54885 F1L5

TW525, THTEGRIOFEEI L) OREZRLT
WAHZ EERLTW B,

ZZ5X7 V=V e vEE OT AUBK X2 XoT
INH itk X 2REXZER LA, HFL & RIHL
T LR E X IOt KL OT B X2 ThH B
L Ey FORBICABRKELXELO®D T ENTEL,
Ftrotorx, INH iEBEOBENIAMETFTLTWS L LT
b, ANOIIEATIIHENOBERBT HATHENEERE LD,
ADR CO, frEiwimirvs 5% CO, Incubator Gz
Lic INH itElE % B TERRE T2, Thi
ETHHELEL Rich Dl

LAE, INH ZEmERE s oW TER W BET L
TREEMLRD L, AF\T INH BHEMREERED
PIEVERE LTRACKHT 2B NOET— Licdi>T
RYUBRM AT —, B IVCADEAI BT % INH fif
HOETHEERIDTHAS5 LEXOIS,

= i

INH mEmEERRo I VCEREZEETS o,
INH BEMERTFR 2K TLey PRIV=Y Rz
BEL, 15 % CRFMCHR Lico ¥ INH B4
BEKOKDOELr Ty PN THEN LHBAE INH
LR L, Eic INH ikt her ey Mgt
BREREREORDIDDOEREITIN DI, TOMKER
DL BHEREBL,

1) INH ZEmEEEkKTeLrey P LT, ¥
LSBHFLEDOTWEA, =y AR LTIRHMSDEN
LT,

2) INH ZEMEEEFOEL Ty b T E N
12, ZLLBVIDONS, richDHHRRTIOET
HY, RTXBENERTHOL,

3) BEBVEGELL-ELEy O3 BEBRNOED
INH s U IE T 2R LIckr ot

4) 1FEOBERTIE, REKRLEELIcerEy b
T2 LRELRDT, = v A0MRED INH i
ZBh7c {, Reverse Mutation (L& 56 hichyot,

5) INH WitkBniE# &£ 2 b in vivo %
Aunich Lichd, BHOMERRD B LIXTEhD
oo EAEY FDF V=V e VB L OTIIEES
fEb x7ehotchs, OT ME X >THl, FRcRE% R
HEIDZ LhHEL.

HUEDRERNMS, BADET (Lichi > TRBFRIC
EGRIOLRENBST5), Rk 5 INHfi#Eo
ETORFHIEEELCHER & LT, INH BEMEED
RAGFEIMECEBR IR TV AL DLELL NS,

BRFTRO SR RABLET,
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