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EXPERIMENTAL STUDY ON EVALUATION OF BCG-IMMUNITY
IN MICE BY AIRBORNE INFECTION*

Mareichi TOYOHARA and Hisao SHIMOIDE

(Réceived for publication May 12, 1969)

The authors reported previously that the airborne infection method was useful to measure
the degree of BCG-immunity in guinea pigs. There are already some reports on tuberculosis
immunity of mice using the airborne infection method, but we have no fundamental experiment
to prove this method to be useful as a method for challenge. The authors studied whether or
not the airborne challenge method was useful to measure the degree of tuberculosis immunity
in mice as well as in guinea pigs. The experiments were carried out comparing the airborne
and intravenous infection methods.

1. Materials and methods

The experimental design is shown in Table 1. Ten male mice of DD strain were employed
in each group. 0.1mg or 0.001 mg of dried BCG was inoculated into tail vein of a mouse of
the vaccination groups. The number of viable units of the employed BCG was 8.5x10%/mg.
Virulent tubercle bacilli of human type (Kurono strain) grown 7 days in Dubos media were
employed as the source of challenge inoculum. Mice were challenged with a large size or a
small size of virulent bacilli for both the airborne infection and the intravenous one.

For the airborne infection with a large size of virulent bacilli, the number of virulent
becilli fixed in lungs was 45 per mouse and in the case of small size the number of bacilli
fixed in lungs was 5 per mouse.

In the case of the intravenous challenge with a large size, bacilli of 2.2X 105 were inoculated
into a mouse, and for the groups to be challenged with a small size, a mouse was inoculated
with the bacilli of 2.2x108.

2. Results and comment

Table 2 shows the results of the airborne challenge, and Table 3 shows those of the
intravenous challenge. When mice were challenged by the airborne route, the degree of
tuberculosis immunity by BCG was observed to correspond with the dosis of vaccination both
in challenge by large size and in challenge by small size.

On the contrary, by the intravenous challenge the immunizing effect of vaccination with

* From the Research Institute of Tuberculosis, Japan Anti-Tuberculosis Association, Kiyose-
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0.001 mg of BCG was not proved.
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As shown in Table 4, not a small number of BCG survives particularly in the spleen even

at the fourth week after the intravenous inoculation.

When mice are challenged intravenously

at such a time, some undesirable reaction as tuberculin shock might appear among the host,

challenge bacilli and BCG.

In the case of airborne infection, there is hardly any possibility of such undesirable

reaction because both the surviving number of BCG in the lungs and the number of inhaled

virulent bacilli will be relatively small.

From the above-mentioned points, it is considered that the challenge method by airborne

route is useful to decide the degree of BCG immunity.
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Table 1. Experimental Plan
BC‘G Chall'enge Killed
uk) 4w mL
o Vaceination' | Boweof | Siee of
1 0 i Airborne Large size
2 0.1 ) " "
3 0.001 "
4 0 Intravenous ' "
5 0.1 "
6 lei " "
7 0 ! Airborne Small size
8 0.1 ! " | "
9 0.001 . " "
10 0 \ Intravenous "
11 0.1 " "
12 | 0001 | g "
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Table 2. Relation between Inoculum Size of Vaccination and BCG
Immunity Using Airborne Infection
Groups 1 2 T 3 ‘ 7 8 | 9

Body weight (g) 1 25 22.9 26. 4 | 27.2 26 1 26.7
Lung weight (mg) 257 201 242 227 191 i 214
Degree of lesion of lungs!® 3.1 1.0 2.2 1.6 0.6 1.1
Log viable units per mg in |

lung tissue 3.66+0.38 | 2.69+0.48 | 3.21+£0.33 ‘ 3.06+0.55 | 2.09+0.20 i 2.41+0.57
Inoculum size of BCG (mg) 0 0.1 0.001 | 0 0.1 | 0.001
Size of challenge Large ‘ Small

Numbers indicate average of ten mice. T o

Table 3. Relation between Inoculum Size of Vaccination and BCG
Immunity Using Intravenous Infection
Groups ‘ 4 ’ 5 6 E 10 11 12

Body weight (g) 23.1 ] 23.9 28.6 26.7 26.7 25.2
Lung weight (mg) 423 | 224 500 256 230 296
Degree of lesion of lungs'® 4.8 2 3.9 3.4 1 2.7
Log viable units per mg in ' | .

lung tissue 4.63+2.6 |3.78+£0.30 | 4.54+0.18 3.3110.69 2. 73+0.36 | 3.43:£0.42
Inoculum size of BCG (mg) 0 0.1 0.001 ‘ 0 0.1 i 0.001
Size of challenge Large . I';"? Small

Numbers indicate average of ten mice. Lo Xy
FHOKERZ, VTR~V R 10 [EOFHERRL Table 4. Change of Numbers of BCG in Lung
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or in Spleen after Intravenous Inoculation

Time after

e i 1 hour | 1week J 2week |3week [4week

Numbers of BCG i |
in 1mg of lung 130 10.1 8.5i 2.8‘

Numbers of BCG \ 1
in 1mg of spleen 20.6 84.0/ 76.5 89. 5} 71.0

7.6

Numbers indicate average of six mice.
Each mouse was inoculated with 0.01 mg of BCG (v.u.
2.8x107/mg) in tail-vein.

IREFHIDEDIRT IO TH B,

wiz BCG » g FH#ME Lk, =€ b T2 BCG
E AR HY T A =y A CRBCRICEMCTEL
BUBHEL TV D, THITHEBEIC X DBURRFIC ] EH
DEELLOWHENNSHH 5, F4iZ BCG 0.01mg %
< ARBIRICEMS L 2B, ikt s BCG o
B~y A6IEDEHEL LTRT,

Fizx B L5 BCG 3BTl RL 4 BH%iCE
5% 1Img 71 OKERE A D, LIcdiDT, ZOR
HTECKEL AV EDOHEBEDOMIRNI B T
bhaetTrtEERIUEGLOMTRIENDHEEIR
BOLETBBIAMNLA D, FE, BCG 0.1mg EEHE K
B ESEYBIRARR LSS, Rk 2~3 BOR
CETETHIVAL W, THIIYRAV2Y v ay 2
D—BBELELLRBNE LAIs,

SRR LBRARRDE R IIH~ORABRR LG



206

T5~45 T, A oDMtiizkit s BCG Dftiyd: R
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