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EXPERIMENTAL STUDY ON MEASURING THE DEGREE
OF BCG-IMMUNITY IN GUINEA PIGS BY
AIRBORNE INFECTION*

Mareichi TOYOHARA and Hisao SHIMOIDE
(Received for publication August 11, 1967)

The significance of airborne infection method in measuring the degree of BCG immunity for
experimental tuberculosis of guinea pigs was studied. This method was compared with the
subcutaneous infection method under the same condition.

1. As shown in Fig. 1. guinea pigs were divided into eight groups, each consisting of
four to six white male guinea pigs weighing 400~500 g.

One mililiter of the bacillary suspension prepared from dried BCG was inoculated
subcutaneously into right abdomen in three degrees of concentration, such as, 1mg/ml, 0.1
mg/ml and 0.01 mg/mi. The number of viable unit of the employed BCG was 2x107/mg.

As tubercle bacilli for challenge ten days’ culture of Kurono strain in Dubos media was
employed. The guinea pigs inhaled for thirty minutes the bacillary suspension previously
adjusted to 0.2 mg/m!/ concentration by photospectrometer (Hitachi EPO).

The number of bacilli fixed in the whole lung was 240 in average for each guinea pig.
For the subcutaneous infection, 0.2 mg of the same bacillary suspension as in the airborne
infection was inoculated into left abdomen. The number of bacilli inoculated was 8.5x10% per
animal.

2. Experimental result

2-1. Change of tuberculin allergy

As seen in Figs 2 and 3, tuuberculin reaction of the fourth and eighth groups which were
inoculated with 0.01 mg of BCG was weaker than that of the other groups, but after challenge
with the virulent tubercle bacilli the intensity of tuberculin reaction became almost the same
in each group.

2-2. Macroscopic findings

Degree of macroscopic tuberculous findings of the internal organ was classified into ten
grades. Sign of 1* means tubercles less than twenty, size of the tubercles being also
considered for evaluation.

* From Research Institute, Japan Anti-Tuberculosis Association, Kiyose-machi, Kitatama-
gun, Tokyo, Japan.
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Signs of the lymphnode involvement were defined as follows ; 1* was swelling less than
lcm in diameter, 2*that of 1~2cm, 3* that of 2~3cm, and 4* was the swelling more than
3cm in diameter.

Fig. 4 and 5 show the histogram of macroscopic findings. BCG revealed a remarkable
protective effect for both airborne and subcutaneous challenge infections.

While by the subcutaneous challenge infection, the difference in the degree of immunity
by the inoculated dose of BCG could not be revealed, in the airborne infection, macroscopic
tuberculous changes were observed to decrease by the increase of immunizing dose of BCG.

2-3. Result of cultivation of organs

As shown in Table 3, both in airborne and subcutaneous infections, multiplication of
bacilli for challenge was remarkably checked by BCG vaccination.

In the case of airborne infection, the difference in number of bacilli in the spleen between
the group vaccinated with 1 mg and that with 0.1 mg was significant at 5 % level, but among
other groups no significant difference was found. Whereas in the subcutaneous infection no
significant difference in the number of bacilli in the spleen was found among all the groups
tested.

2-4. Pathohistological findings

The histological examination was carried out on the lungs of the groups of the airborne
infection. The progressive lesions were found in every group, but the lesions of the
vaccinated groups were not so severe as those of the non-vaccinated group.

The number of tubercle bacilli in the tissue in vaccinated groups was significantly less
than that of non-vaccinated group.

3. Conclusion

The significance of the airborne infection as the infection method was studied in order to
see the degree of immunity by BCG using guinea pigs. The result of the subcutaneous
infection was compared with that of the airborne infection.

By the airborne infection the pathological changes were the severest in the lungs, and in
the case of non-vaccinated groups the pathological changes were very severe not only in the
lungs but also in the spleen ané the liver. In vaccinated groups even by vaccination with
0.01 mg of BCG the involvement of the spleen and the liver was slight. By increasing the
dose of BCG, the macroscopic tuberculous findings, especially those of the spleen and the
liver, were decreased. There was a significant difference both in +/spleen index between the
groups inoculated with 0.1 mg and 0.01 mg of BCG, and in the result of cultivation of spleen
between the groups inoculated with 1 mg and 0.1 mg of BCG.

Although in the subcutaneous infection a significant difference was proved between
vaccinated groups and non-vaccinated ones, among the vaccinated groups the degree of
immunity could not be differentiated.

From the akove viewpoints the airborne infection is considered to be a useful method for

examing the degree of immunity.
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Fig. 1. Experimental Scheme
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Fig. 2. Change of Tuberculin Allergy
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Fig. 3. Change of Tuberculin Allergy
—Subcutaneous infection—
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Fig. 4. Macroscopic Findings by Subcutaneous Infection
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Table 1. Mean Value of Guinea Pigs which were Killed after the
Airborne or the Subcutaneous Challenge
Airborne challenge B Subcutaneous challenge
Group 1 2 3 4 5 6 7 8
i . 26. . . . . 797.5 732.5
Weight of body (g) | 593.4 726.0 699.2 675.0 606.7 756.0 9
‘ +34.6 £49.2 +£78.3 £70.0 +96.1 +£86.5 +74.1 £37.3
. . . . . . . 5.7
Weight of lung (g) 15.1 11.1 11.1 11.7 5.3 5.4 6.3 5
+ 3.6 *+ 31 £33 1.7 + 0.7 £1.0 £ 1.3 £ 1.5
. . . . . . . 0.9
Weight of spleen (g) 3.4 1.1 1.0 1.3 3.7 0.9 1.4
+ 1.6 £03 £ 02 £ 0.2 + 1.7 £ 0.2 0.6 £ 0.2
e 0.74 0.39 0.37 0.43 0.78 0.34 0.42 0.35
+/Spleen index
+ 0.19 £ 0.05 £ 0.02 £ 0.05 + 0.17 £ 0.05 £ 0.08 £ 0.05

Table 2. Analysis of Statistical Significance
of ./Spleen index
Groups of airborne ‘ P
challenge
1 & 2 * 0.01 >
1 & 3 ** .01 >
1 & 4 | **0.01 >
2 & 3 { 0.05 <
2 & 4 ‘ 0.05 <
3 & 4 § *0.05 >
Groups of subcutaneous ! P
challenge
5 & 6 ‘ ** 0,01 >
5 & 7 ' **0.01 >
5 & 8 | **0.01 >
6 & 7 | 0.05 <
6 & 8 0.05 <
7 & 8 0.05 <
4. * -3
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Table 3. Number of Bacilli in 1 mg of Each Organ at the Fourth week after Challenge
BCG BCG
Vaccination None None
1mg 0.1mg 0.0lmg 1mg 0.1mg 0.0lmg

Challenge Airborne Subcutaneous
Lung 9,700 63 104 170 350 0 0.1 2
Viable counts Spleen 5, 350 0.9 3 7 780 18 0.1 18
Regional lymphnode 2,500 133 140 300 440 118 117 250

Number indicates mean of recovered bacilli from guinea pigs of each group.
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