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Survival test has hitherto been used as the method for measuring the virulence of tubercle
bacilli or the effect of chemotherapeutics against tuberculosis. In these experiments, the median
suvival time was most useful, and it was already shown that there existed a certain correlation
between the size of infecting dose and the median survival times. This was the case with
infecting the mice with a moderate dose. However, when mice were infected with either
a large dose or a small dose of tubercle bacilli, no such correlation was found. Also the distri-
bution of the death times in this case was different from that of the infection with a moderate
dose. We have reported also that the survival curve was composed of three phases. It will
be shown in the present paper that the cause of death of mice might not be similar in each
death phase. The results were the following.

1) The viable bacillary level in the lungs of dead mice: After injecting intravenously
with 0.05mg wet weight of Mycobacterium vobis, Ravenel strain, death times of mice were
recorded, and the number of tubercle bacilli in the lung was determined. These results are
shown in figure 1. In most mice which died at 20 to 30 days after infection, 107 to 10° viable
units of bacilli were found in each 10 mg of lung tissue. This time corresponds to acute death
phase in the survival time. Mice, dying later than 30 days (chronic death phase), could be
divided into two groups. The one is the group in which the number of viable bacilli is as.
large as that in acute death phase, and the other is the group in which the number is smaller.
BCG vaccinated mice were often dead before 20 days (early death phase). In the lungs of
these mice, the number of viable bacilli was not so large as that died in acute death phase.

2) The weight of the lungs of mice at the death time: The gross weight and the
density of the lungs become large after tuberculous infection. These values may be used as
the index of severity of the disease process. On the other hand, the body weight of mice
decreases gradually after infection. Therefore, the ratio of the lung weight to the body weight
(lung index) is different significantly between the infected and the normal mice, and the
difference of the index between them is more remarkable than that of the lung density.
Figure 2 shows the relationship between the lung index and the death time. Mice dying in
acute death phase showed the high value of the index, but those in chronic death phase were
divided into two groups. The one had the same degree of the lung index as that in acute
death phase, and the other had the low level of the index. This result coincided with that
obtained in the experiment of the bacillary population level.
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3) The change of the bacillary population level and the lung index after infection : BCG
vaccinated and non-vaccinated mice infected with 0.002mg wet weight of tubercle bacilli were
sacrificed at 1, 3 and 5 weeks after infection. The bacillary population level and the lung
index increased gradually after infection within 5 weeks in non vaccinated mice. The number
of viable bacilli in the lungs of vaccinated mice increased within 3 weeks, but ceased to in-
crease after that time. The lung index of these mice increased rapidly within 1 week, and
then was stationary until 5 weeks. These data were shown in figure 3.

4) Histological change in lungs of vaccinated and non vaccinated mice after infection :
After injecting with 0.02mg of tubercle bacilli, mice were sacrificed on the 8th, 20th and
28th day. The number and the size of tubercles increased after infection and edematous
changes were remarkable in non vaccinated mice. In the early time tubercles were found
also in the vaccinated mice, but these tubercles could not be found in vaccinated mice sacri-
ficed in the later time. Remarkable hemorrhagic pictures found in vaccinated mice suggest that
a systemic allergic reaction might occur.

5) Death by the secondary injection of bacterial cells and tuberculoprotein : Vaccinated
and non vaccinated mice were injected intravenously with 0.2 mg of living BCG, heat-killed

BCG and Protein A prepared from culture filtrate.
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Deaths occurred only in the vaccinated

group and the phenomenon was most remarkable in the group of Protein A.

Trom the above results, the early deaths occur by the allergic reaction due to the protein

fraction resulted from tubercle bacilli in the host tissues.

The acute deaths appear to be

a consequence of the toxic effects of some bacillary constituents and the result of physical insuf-

ficiency in respiration which occurred by the high population level of bacilli in the lungs. It

will be supposed also that a terminal anergy or a systemic allergic reaction may occur suddenly

in the chronic death phase.
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Fig. 1. The Relationship between the Viable
Bacillary Level and the Death Time
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Days after infection

Mice were vaccinated with 0.2 mg of BCG intra-
peritoneally, and challenged 28 days later with
0.05 mg of Mycobacterium bovis, Ravenel strain,
intravenously.
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Fig. 2. The Relationship between the
Ratio of Lung Weight to Body
Weight and the Death Time
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Conditions were identical with those in figure 1.

Fig. 3. Changes of the Ratio of Lung Weight
to Body Weight and the Viable Bacillary
Level in Lungs After Challenge Infection
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Weeks after infection

Experimental conditions were identical with those in
figure 1, except that the challenge dose was 0.002 mg.
After infection three mice each per group were sacri-
ficed at 1, 3, and 5 weeks.



1964458

CREEL AT 2, —H~v 2REHLT, FEIN
WRALTL Bo £ THREY Y OiER, bbb,
B R (mg) [ AT (g) (BAFIitREL L HgiD) OEEL &5 &,
HERMEZME AT Do K2 TR © A%,
WENEIRE R AT MfRIIEFE ~v ATX6~8T
B DM, AEINCIEFEL b O TIERAS N 40~60 T
B Do BHMTE— ALY AL, LrbE
fEDL D LEFEDLD LD 2B ey b BPFE~Y
ATIEFEI N TH HNIEHHE L D ILKTH %o

3. M ISt BAEFHBUKEE LI REDHER

EEML T E Ty ADEIE LT X 5 WA=
A LT, 0.002mg (19X 10 ZEPEHIfT) DORRGEAT
7sus, 1, 3B XU5EEWCHER R X OFRRER L

169

3TEHCREL L TINAEREER X OIREIE % 5k D 7o
(K 3)o FOEE, FERERE TG 3HE T TN
AEETAEIHINL, FhUBIEEIEREr R £ L
Y, IR D A B Lo & IR R L CSREER Tia s
R ORINTIERIERE X D bk Dy, RN
B OHMAZLR, Lad LEMEOMMAMEHS
T ho TDT EIIEES WicE OB N TIRIERED
FREGR SRR 52 ERREL, $EFEOHE
Fid Bicokbonb b tELbRb. &R
FTHR L _ADMENDRIEFEDHZR BB D &, 2K
Tl B ORI E OMCBGRAB 2D EEZ LIS,
4. TioHGBOHS

E1erTIoefioRERCHERD L LEXLDRS

Table 1. Changes of Histological Findings in Lungs of Vaccinated and
Non-Vaccinated Mice After Challengs Infection

R Days after Tubercle . Interstitial .

Vaccination challenge formation Infiltration pneumonitis Bleeding Edema

8 —* H H - -

H - H - -

+H - + - -

Living BCG 20 i - - iy -

0.2mg, i.p. H+ _ _ m _

28 - - + + -

+ H + - -

+ - + - -

8 H - + -

-+ - + -

+ H + - -

20 Ht H + - +

None H H — +H +

+ H - - +

28 H H H + HF

H Ht HH - H

H H H - H

Experimental conditions were identical with those in figure 1, except that the challenge dose was 0.02 mg.
After infection three mice each per group were sacrificed on the 8th, 20th and 28th day.

* Degrees of lesions: it Severe H Moderate

+ Slight

— None

Table 2. Effects of the Intravenous Injection with Live BCG, Heat-Killed BCG,
and Tuberculoprotein into Vaccinated and Nonvaccinated Mice

l\g?rgkg vac?iggion Injection with* Ig;";ggés Time-to death in days after injection
Live-BCG 13 11, 15, s**¥ s, s, s, s, s, s, s, s, s, s
0.2mg, i.v. Heat-killed BCG 13 5 s, s, s, s, s, s, §, S, S, S, 8, S
1 Protein A 10 2, 2, 2, 2, 3, 83, 3, s, s, s
Live-BCG 13 s, s, s, s, s, s, s, s, s, s, s, S, S
None .
Protein A 10 s, s, s, s, s, s, 8, S, s, s
Live-BCG 11 23, 23, 32, 34, s, s, s, s, s, s, S
0.2mg, i.p. Heat-killed BCG 11 s, s, s, s, s, s, s, s, s, 5, S
2 Protein A 1 4, 4, 4, 6, s, s, s, s, s, s, s
None Live-BCG 11 s, s, s, s, s, s, s, s, s, s, S

* 0.2mg of each material were suspended in 0.2ml of saline for injection.

** survived.
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