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THE VIRULENCE OF TUBERCLE BACILLI NEWLY ISOLATED
FROM JAPANESE PATIENTS*

Peport I. Virulence to Mice.

Tatsuro IWASAKI, Masahiro TSUZUKI, Masakazu AOKI, Kenji KUDOH,
Toyoho MUROHASHI, Naoyuki SATO and Shiro SOMEYA

(Received for publication June 20, 1965)

The virulence of forty three strains of M. tuberculosis isolated from tuberculous patients
who were discovered at “Tuberculosis Prevalence Survey in Japan” (Japanese Ministry of Health
and Welfare, 1963 and 1964) was examined. All the patients under these studies were new
cases discovered at the Survey and had no history of antituberculous treatment. The virulence
of the bacilli isolated from these patients was compared with that of two English strains and
eight Indian strains from Dr. Mitchson. Also the standard strain Kurono was examined in
these studies.

The bacilli were cultured on egg madia at the isolation and subcultured on the same media
for drug sensitivity tests. The bacilli grown on the control tubes were planted in Dubos’
liquid media and the bacterial suspension was obtained. The various bacterial suspensions were
standardized to a given optical density. Each animal was infected with 0.1mg (wet weight)
of bacilli.

Ten female mice of dd strain were infected intravenously with each strain of bacilli. The
death rate up to 8 weeks after infection was observed. All the survived mice were sacrificed
at the 8 th week, the tuberculous change was observed, and the degrees of tuberculous pulmonary
involvements were judged macroscopically. The weight of lungs and spleens was measured at
the same time. The results were as follows :

1. The viable unit of bacilli used in the infection was almost the same in number in all
the strains examined. The average unit was 38.5x10° (standard deviation 13.1%10%) (Table
1 and Fig. 1).

2. The death rate of mice infected with 0.1 mg of each strain was varied from 100% to
0% (Table 1 and Fig. 2).

* From Research Institute, Japan Anti-Tuberculosis Association, Kiyose Machi, Kitatama
Gun, Tokyo, Japan.
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3. The degree of tuberculous involvement in lung used in these experiments was graded

as follows : no lesion-::-.- 0 ; minute tubercles less than 20 in number-....- 1; minute tubercles

more than 20 in number-.-.-- 2 ; minute tubercles mixed with some tubercles larger than 2mm

in diameter------ 3; minute tubercles mixed with many tubercles more than 2 mm in diameter:--:

4 ; the surface of the lung all studded with many tubercles from one to several mm in diameter

~~~~~ 5; in the group where tuberculous death was observed from 4 to 5 weeks after infection,

one point was added mechanically to point 5, i.e. 6; when death was observed from 2 to 3

weeks, 2 points were added to point 5, i.e. 7.

The average degree of tuberculous involvement in lung of each strain was varied from

7.1 to 2.3 (Table 1 and Fig. 3).

If the difference of the average degree of tuberculous involve-

ments was more than one, a significant difference could be confirmed statistically.

4. The weight of the lung and its ratio to the body weight were correlated with the

degree of tuberculous involvement in lung (Fig. 4).

To compare the degree of tuberculous

changes with the lung weight, weighing of the lung must be carried out after removing

lymph glands, and without blood congestion.

In Fig. 4, only the results of experiments were

demonstrated where the lungs were weighed as above mentioned.

5. INH resistant strains (primary resistant cases) showed low virulence to mice (Table

2). Comparison of English and Indian strains with Japanese strains will be discussed in the

further reports.
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Table 1-a. Death Rate and Autopsy Findings of Mice (High virulence group)
Stin B g | A bebement oy | Avoped mie b st intetion__
mmber | units | mumber | (7 | average| SRS | MakRek | weight ()| weightB)| oo | weight
50 43 12 100 71 0. 289 0 — — - —
105 48 10 80 6.3 1. 360 2 21.3 447 214 366
Ind. I 31 10 80 6.0 1.131 2 20.5 328 160 322
31 47 10 80 5.6 1. 506 2 23.5 575 244 330
61 41 11 73 6.3 1.292 3 16.3 449 329 408
116 53 10 60 5.1 1.778 4 18.4 375 204 382
25 52 10 60 4.7 1.703 4 25.0 495 199 475
5 43 11 55 5.6 1.539 5 18.6 416 227 407
Ind. B 87 10 50 5.6 1.371 5 17.8 468 270 344
110 18 10 50 5.0 0. 962 5 20.3 496 244 312
Brit. A 54 10 50 5.0 1. 985 5 20.8 371 181 313
Ind. F 23 10 50 4.9 1.473 5 21.6 362 170 441
173 36 10 40 4.2 1.933 6 25.4 582 239 401
33 40 10 40 4.0 1.887 6 24.6 600 250 482
137 42 10 33* 4.1 1. 453 - 6 24.5 457 187 483
129 59 10 33% 3.8 1. 480 6 30.4 633 209 666
89 3 10 33% 3.7 1.803 6 24.1 555 248 313
18 35 10 30 5.0 0. 986 7 17.1 491 287 371
127 36 10 30 4.5 1.640 7 19.4 365 193 333
Brit. C 36 10 30 4.4 1.841 7 23.1 283 123 321
108 43 10 30 3.9 1.371 7 25.0 643 277 557
Ind. E 38 10 20 4.8 1.273 8 21.5 444 241 393
121 57 10 20 4.0 1.414 8 28.2 505 183 344
14 58 10 20 3.5 1. 435 8 30.7 575 191 625
41 48 10 20 3.0 1. 490 8 30.0 562 190 600
122 66 10 20 2.9 1.729 8 28.2 637 235 588
65 48 9 11 3.4 0.762 8 22.0 404 188 354
172 25 10 11% 3.3 0.874 8 25.7 390 154 492
Kurono 16 10 10 4.5 0. 461 9 21.6 564 269 332
Ind. D 45 10 10 4.2 1.136 9 19.8 432 223 339
%0 17 10 10 4.1 0. 487 9 23.0 471 205 455
73 33 10 10 4.0 0.624 9 19.4 424 229 486
Ind. J 11 10 10 3.9 0. 669 9 18.8 391 216 376
94 42 10 10 3.1 0.735 9 29.3 500 172 533
111 20 11 9 3.9 0.442 10 22.1 426 193 450

* Some animals were died of non-tuberculous cause in these group. Death rate shows only tuberculous death rate.
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Fig. 1. Distributions of Viable Units of
Bacilli Used in the Infection*
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Table 1-b. Death Rate and Autopsy Findings of Mice (Moderate and low virulence group)
o B | o | P PRGNS Avomed it b tur icin
number (l:(nllgss) \ number (;/: | Averagev szﬁfg;g r?unéfggi weigl;t) (A) l wei(%}lxgt)(B) %XIO w(i:gg};t
104 24 10 0 4.2 0.539 10 21.1 448 222 423
155 40 10 0 3.6 0. 700 10 24.0 549 235 391
37 42 10 0 3.5 0.527 10 19.6 379 198 350
Itd. K 53 10 0 3.5 0. 363 10 21.0 388 187 365
1 16 10 0 3.5 0.105 10 23.4 338 148 418
102 32 10 0 3.4 0.316 10 20.7 371 180 323
Ind. L 48 10 0 3.3 0. 489 10 21.4 348 165 280
64 56 10 0% 3.3 0. 866 9 27.4 578 217 533
109 16 10 0% 3.2 0.567 7 25.6 392 | 156 499
3 37 10 0 3.0 0. 469 10 30.3 580 | 188 520
85 35 10 0 3.0 0.129 10 24.4 381 | 137 395
93 40 10 0 2.8 0. 424 10 27.6 | 897 152 366
67 36 10 0 2.7 0. 479 10 24.0 | 610 269 500
79 32 10 0 2.8 0.424 10 24.5 540 227 384
57 58 10 0 2.7 0.678 10 31.9 460 143 570
€8 26 10 0 2.7 0. 479 10 28.9 334 116 363
154 27 10 0 2.7 0.241 10 24.3 294 122 377
185 20 10 0 2.6 0. 284 10 26.2 274 106 270
156 24 10 0 2.3 0. 354 10 22.8 240 107 347

* Some animals were died of non-tuberculous cause in these group. Death rate shows only tuberculous death rate.
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TFig. 2.
of Mice Infected Intravenously with 0.1mg
of Various Strains of Tubercle Bacilli
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Fig. 3.

Curves of Cumulative Percentage of Death

Degree of Tuberculous Pulmonary Involvement of Mice
Infected Intravenously with Various Strains of Tubercle Bacilli
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Fig. 4. Correlation between the Degree of Tuberculous
Pulmonary Involvement and Lung Weight, or and

FEhERTLE2DZLL Thb, INH

it B DR LT Thod 8.5 LI
Th b, FEMHEDLD I SM ik,

Lung Weight (mg)/Body Weight (g) x10

PAS it 21 el U € BIEE D 6r
AR b OB L ms DT, Tods, Ttk m§5' . - .
LHN L OBFRCOCTREARTS 22 | e n
SNBTFETH Do £z . e ot
(5) HERIOA Y POl 2% 37 .t i L
Ml Mitchsond Bic LauE, 4 v 1 Eég- * '
DBE L D SEESRICEOR 13 133 gil_
FHoBE L v Sl hicEclkrTe -

NEy MERT BHNNZE LG E 0

100 200 300

1 1 1 1 L 1
100 200 300 400 500 600 m&
Wi, SEFERC L CED S b, Lung weight (mg) Lung (»\r:;ht Body weight () X 10

Ind. J, K, L © 3 §#kiL Mitchson &
D3 HIDFFNE ThH Do ThbD

Table 2.

Mortality and Autopsy Findings of Mice Infected

with Tubercle Bacilli Resistant to Drugs

W D\ NIIEERRA, CHR: BAD Drugs and drug concentration Degree of| [ yng weight (mg)
re 3+ D.Hﬁwk -1 2 3 i No. of (mcg/ml) Percent | tubercu- _B'&i;m
k= Baxg 1, M2, K3RL Stra-| SM | PAS INH £?$1$;$; x10

- % ins N k I
122 e Thb, 10 1000 1 10 [0.1 1 5 % m:g;l:f_ Average I

R S S .

AWCHCRDOMBEFTCLY g | v | _ | _ _ _| 1 | 41| 25 | 244
o, LTS LOBMFPCRESXC 104 g R |- —| = — —| 0 42 | 222 | 60.4
1Y FORBE DB OWTEBE 85 | R R | — — | — — — 0 3.0 137 | 17.2
BREFETH B, —

10 | r — | r — | — — — 50 5.0 244 62.5
EZRE L URIE 09 | r —|r r | — — — 0 3.2 156 41.3
e . 1M1 |{r —|r v |— — — 9 3.9 193 32.5
KR D 3 D MEHE DRI B A7
P HFFibhTEl, ZhbDhic L= —|r — |1 — — 0 8.5 | 148 | 30.3
K1 o . _ = = = - . 1 .
EHTE PNV RS i R r £ 2: 12 i;
RAR DN C LRI HEDS b iﬁ il E A A o Rl iy
. s — r r . .
Dicd I FRICE bbb, K R ROR
. 54 | R R/IR r| R R T 0 2.7 122 25.5
BRCEED BOEES R OS2 —

B TEH S L — R EE 2 bhTE
oDk, = DREDERITILS S DREER FE, B O
PUCBERT A & LIRS L RHAERSREDZ D B TH DT,

ERROWEEX DF-—ITiE, SEES AR L TR
GTHLBBINEI 552 ehbIFbRES, B
DI RIIED D OEITRE RO, MRET DL
BB T LIXERIC D D bR TE DY, EE
DREGEGRE LT DHAENF LD TNDH LTS
Thbo

Rt HRTOHE O A S BT HERL, B
AR DI 5 DB LVIRZER {5 & W
59, B, b5\ ITEYEMEETHZ LD
T2 8 A HNCEEERIET L\ bbb,

B, BREERCOWTATY, EHOERS,
WL XD &5 ERHOBBmAEREERIZ 5 2 L OREE
IRE/IND, =7 ATIIREOCEEN S LILTHD
B D LR EBRINC IEH I T 58, EHRE O
PEHET 5854, ERODLWERERAVS 2 LAAh

Ll ST incomplete resistance Reeeees complete resistance

Frwz ki, A—EROWEXHMEL T AKX
TcENLIE, ERBFCEETLIZ L VI FETH
oA d o

HEREEMORF S E LT Rt FTE
Wl e AT 500ME A S L, W—EHTdR
MORMEL b5, Rift, M, F£4, WBESLERELER
L2 LIREAR DY OFEL TN IAHTH S,

F LURKkIE, mADHEFEOMENRLT b s,
KL R UL LT, FETR, ARKKE, BN
AEBOBER LD, ELOTHINES, H5WVIX
BT Hh0METH S,

WERNTZ N O S HHCER L T ebhic, W
T SEFTOCREROEED DS hicd O
Th b, MROBCTREREMMADZ LR TE R B
H17 DM OB S TR COEK TR UL TR T
W5 B Dubos FEHNC T 5 Z L 12 X 2T,
—HRC x> T fein HEEHHE bhic, ABED, o



19654 9 A

DEDEH L L TIIEFHCHECH LD LN TET
LT TRLRIZ L ThbD, EREMTIT~Y AKX
VELEY PEFAGED, BKETE~Y ADOREDAE
WART D, dd Fv v AfEOLE A, £HAH LS
L FRiZ BN TE I,

WP EREEELRD DTN WDT, 5%
o4, BIEL O DEEBNICADIE O OB
I Lo THESI NS & &1 Rich BIODFET L L
TAHThbB, & DREWD DI OB OHE LR
WO MR Y &5 FESMER TR L VA X 5o
Lal, KBGO L, &L OMEEHRS Ba, B
FEFITEE R A WRBCEET 5, T Dk, T
R, WIRNFRZE, BRERONER LI X > TUREDRE
BEDHEH (T 27,

FPFHERTARS &, WER LA 43 HEMCIIETR
DRERENZ BN TS, 8% TIw 1002 JE- L
DIEH 1 50% Ll E& T X @Bkt 7 # 10
e 1 TEF 7l F R Dl BIEE R e BT RA 50% &
75 DIt 18 B, FEw Y ADHR BRI
7o D 17 HrThbo

<7 ADEMERE DREE, Wi IRIRZEER X
DTILEHTHZ LN TESLD, ¥FEHRoZLL, 1
B IETE b A DR A AL, ThHOREED
M CTFEET B L BBERZ LIZSBAATH D, E
B DI TR Ao & & TR R B L
ey, ZOHETHATEFEHT.1052.83 FT, FHEIC
RGBT LT\ oo %5 < OBHM TR E D
ENRBOLNDZ LT TRBRIZZ L Thbo

i~ v AeonTE, MERZEL, HiTEOR
Tl ot, ZOHA, L~ Y ATOERELS 2
MDTdEE~ v AD TN & W LEOCR Eh b 50 &
7o, U VRl E RO OB RA IEREICIUE Lisidh
bbb s bbhbLEb bbb, Lnl, FEMCEA
TWBE, Ehiciki vz ki, BTN 20% UT
T, 8PLL OB ER I TH S EHRIT VT, Jifi
ik, HGE & R L OMEB% &I, &hd Tk
SHBIER LTV,

IR PSR AR R L b IS 2 R T &
Vb, UEOZr EHEFETS, vV ARKTS
WEEOBNETHHEL) 23D LEXLDRD,

Blbw k>, JECE, RAE, WMER, HiiEo
WIFRTARTH, HFFHAZSRE O~ v ATk 5

365

FINTF O LT TR, KEBRENLDRLLD
Thb, LiEwmT I ENTER,

¥, EHITHE L OB, EELD WIS V FOH
B O oW TR T TEET 5 TETH %o

& B

38 35 L0 39 SEFERKKREFED S\, RiGE AL
LA N NI 48 B~ v AT 2%
L, HER LA vV FOBE) OIS NCE DR
T E B Uico BEREIR W 3 2GRN TH Y
Dubos JF#4#C & b TH—Tn IR & ER Lico #H
B A TR L AP ERAR G YIRS
EMNTETC, T DFREFRR DR % 7o

O RBEEEED DOHES W AR O~ v 2
ST A BN O L T—EETIZ R\

@ FHHOEFFLERTRIUL 100% 25 0%, i
BETHIET. 1523, MHLDLTHHD LD
EIL X DD TRENDR,

® [HRAE LiiER, HHEXEHDTIHEY
AL, THHDMETHBHNDOEXW LT B 227
T& o

@ INH it o~ v AR 3 5 30k, SM itk
B, PAS MR b 5\ IZREREIC L TEEa 2,

RIS OEELE 40 B HARBBIRT SRS TREL
oo SEEF, MMIEARDEY Lico IR ARPIIULEER
SPTEB S OB % 5210 o

X ik

1) Mitchson, D. A., Wallace, J.G., Bahtia, A.L.
et al : Tubercle 41 : 1, 1960.

2) HRPERR - IR - EERE - REEE, 24011
1948.

3) HARIEM - TREEN - BORIEX : #%, 36 : 355,
1961.

4) Lange,B. : Z.f. Tbk., 57 :129, 209, 1930.

5) EDEE : k5%, 18 : 101, 1940.

6) Bloch, H: J.Exp. Med., 92:507, 1950.

7) Tsuzuki, M., Obayashi, Y. & Iwasaki, T. : Bull,
Intern. Union. ag. Thc., 35:315, 1964.

8) KZILAH - &t - FEFw : 8%, 31: 344,
1956.

9)  YLLAPUER - MoiBEEE, 4 : 485, 605, 1960.

10) Rich, A.R. [RHICHER : SROMMIBLR, &
PeEE, 1961.



