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Introduction 

It has been known for a long time that tubercle 

bacilli resistant to isoniazid are attenuated in 

virulence for guinea pigs1-7). In addition to this, 

the attenuation of virulence was also reported with 

tubercle bacilli resistant to rifampicin8,9). 

The virulence of tubercle bacilli highly resistant 

to isoniazid for human subjects is also considered 

to be attenuated because of infrequent occurrence 

of infection with these bacilli"). 
The attenuation of virulence of rifampicin-resis-

tant bacteria was reported not only on tubercle 

bacilli, but also on Staphylococcus or S. typhimu-

rium11), indicating that the attenuation of virulence 

in drug-resistant bacteria is not such a phnomenon 

as to be observed only in tubercle bacilli. 

Even in isoniazid-resistant tubercle bacilli, 

however, the attenuation of virulence was not 

always observed in all the resistant bacilli. Alth-

ough highly resistant bacilli tend to be attenuated, 

highly virulent bacilli can be found among those 

which are highly resistant and it is also possible 

to detect remarkable attenuation among with low 

degree of resistance. 

These facts suggest that the virulence of drug-

resistant bacilli are determined not only by the 
degree of the drug-resistance, but also by other 

factors concerned. 

This paper reports the results from our animal 

experiments on the factors affecting virulence of 

isoniazid-resistant tubercle bacilli. 

Methods 

The experiments consist of 2 parts.

1. Methods of Experiment 1 

Tubercle bacilli were inoculated into guinea pigs 

after 3 transfers on solid egg media containing 

various concentrations of isoniazid. Tubercle bacilli 

used were Mycobacterium tuberculosis var. homi-

nis, strain Frankfurt, and the medium used was 

OKA-KATAKURA's solid egg medium. The isonia-

zid concentrations in the media were 0.1, 0. 3, and 

1ƒÊg/ml, including one without isoniazid. 

The intervals of the cultivations were 4, 8, and 

4 weeks for three transfers, respectively. For the 

inoculation, tubercle bacilli were suspended in 

saline at the concentration of 20 mg/ml, of which 

0.1 ml was spread on the surface of the media. 

Tubercle bacilli, grown for 4 weeks on the third 

medium, were suspended in saline at the concentra-

tion of 0.2 mg/ml, of which 0.5 ml was inoculated 

subcutaneously in the femoral region of guinea 

pigs. And the dilution of this suspension was 

spread on the surface of the media. After 4 weeks 

of cultivation viable units were counted. The 

population of isoniazid-resistant bacteria was also 

counted on the isoniazid-containing media. 

Eighteen weeks after the infection, the animals 

were sacrificed and each organ of the animal was 

macroscopically examined to detect pathological 

changes. And a portion of the organ was ground 

and suspended in 2% sulfuric acid at the concent-

ration of 100 mg/ml, of which 0.1 ml was spread 

on the media. After 4 weeks of cultivation viable 

units were counted. The population of isoniazid-

resistant bacteria was also counted on the isonia-

zid-containing media.
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In cases of bacteria with marked attenuation, it

was impossible to isolate viable bacteria from the

organs 12 weeks or more after the infection.

Accordingly, tubercle bacilli in organs of some

animals were tested between 4 to 5 weeks after

the infection for the susceptibility to isoniazid by

the method described above.

2. Methods of Experiment 2

The methods employed were essentially the same 

as Experiment 1, except that the tubercle bacilli 

used were isolated from the animals in Experiment 

1, and had a low degree of resistance to isoniazid 

but possessed fairly high virulence. Isoniazid con-

centrations in the media were 0.3, 1, 3, and 10

μg/ml, including one without isoniazid, and inter-

vals at which subcultures were performed were 4 

weeks in all the three transfers. The macroscopic 

examination of the organs and quantitative culture 

from the organs were conducted 12 weeks after 

the infection.

Results

1. Results from Experiment 1

Table 1 summarizes the results of isoniazid-sus-

ceptibility test of tubercle bacilli prepared for

inoculation into guinea pigs after three subcultures

of isoniazid-susceptible strain on the isoniazid-con-

taining media. Tubercle bacilli subcultured on the

medium containing low concentration (0.1μg/ml)

of isoniazid had a low degree of resistance to

isoniazid only up to 1 μg/ml, while the tubercle

bacilli from the medium containing 0.3 or 1 μg/ml

of isoniazid were highly resistant up to 30 μg/ml

of isoniazid. 

The results from quantitative culture of animal 

organs obtained 18 weeks after the infection are 

shown in Table 2. A large number of colonies of 

tubercle bacilli were detected from the organs of 

the animals into which tubercle bacilli after sub-

cultures on a low isoniazid (0.1 ƒÊg/ml) medium 

were inoculated, while growth of tubercle bacilli 

was scarcely observed when tubercle bacilli sub-

cultured on relatively high isoniazid(0.3-1 ƒÊg/ml) 

media were inoculated into the animals. 

Moreover, no bacterial growth was observed 

from the organs of the animals when the tubercle 

bacilli for infection had been first subcultured on 

a medium with isoniazid at relatively high con-

centration (1 ƒÊg/ml) followed by two subcultures 

at relatively low isoniazid concentration (0.1 ƒÊg/ 

ml). Degree of gross tuberculous changes in the 

organs agreed essentially with the results of 

quantitative culture described above. 

The isoniazid-susceptibility test with ground 

portions of organs revealed (Table 3) that tubercle 

bacilli grown in vivo after transfers in vitro on a 

low isoniazid (0.1 ƒÊg/ml) medium were completely 

resistant to isoniazid at 0.3,ƒÊg/ml and organisms 

resistant up to 3 ƒÊg/ml of isoniazid were also 

detected. 

As no bacterial growth was detected from the 

organs 18 weeks after the infection when the 

tubercle bacilli had been subcultured on a medium 

with higher than 0.3 ƒÊg/ml of isoniazid and inocu-

lated to the animals, the results of suceptibility

Table 1 Isoniazid-susceptibility of tubercle bacilli (prepared for the inoculation into guinea

pigs) obtained by subcultures on the media containing isoniazid-Parent strain was
susceptible to isoniazid.

The numbers represent viable units in 1/50,000mg of tubercle bacilli.
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Table 2 Viable units contained in 10 mg of each organ of guinea pigs, 10 weeks

after infection with tubercle bacilli subcultured on the media containing

isoniazid - Parent strain was susceptible to isoniazid.

Table 3 Isoniazid susceptibility test with emulsified and diluted organs of guinea pigs

infected with tubercle bacilli subcultured on the media containing isoniazid-

Parent strain was susceptible to isoniazid.

The numbers in the table represent viable units contained in 10 mg of each organ.
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test with organs 4 weeks after the infection were

given in the table. When isoniazid-resistant vari-

ants had been obtained either by three subcultures

on media containing isoniazid at 0.3 μg / ml or

by subcultures on medium comtaining 1 μg / ml of

isoniazid for the first subculture followed by 2

subcultures on media containing 0.1 μg / ml of iso-

niazid and inoculated into guinea pigs, tubercle

bacilli in the organs of the animals were com-

pletely resistant to 0.3 to 1 μg / ml of isoniazid.

Therefore, although isoniazid-resistance of these

tubercle bacilli is not so high, they could not

continue the in vivo growth for 18 weeks.

Tubercle bacilli in organs of animals were com-

pletely resistant to 30 μg/ ml of isoniazid, when

isoniazid-resistant variants had been obtained by

three subcultures on media containing 1 μg / ml of

isoniazid and were inoculated into guinea pigs.

2. Results from Experiment 2

In Experiment 2, virulent tubercle bacilli with

low resistance to isoniazid isolated from the organ

of the guinea pig in Experiment 1 were subcultu-

Table 4 Isoniazid susceptibility of tubercle bacilli (prepared for the inoculation into

guinea pigs) obtained by subcultures of bacilli on the media containing iso-
niazid-Parent strain had low degree of resistance to isoniazid.

The numbers represent viable units in 1 / 50,000 mg of tubercle bacilli.

Table 5 Viable units contained in 10 mg of each organ of guinea pigs, 12 weeks after

infection with tubercle bacilli subcultured on the media containing isoniazid-

Parent strain had low degree of resistance to isoniazid.
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red on isoniazid-containing media and inoculated 

into guinea pigs. Results of isoniazid susceptibility 

test of tubercle bacilli prepared for inoculation 

into guinea pigs were summarized in Table 4. 

Isoniazid-resistant variants obtained by three sub-

cultures on the media containing at 0.3 or 1ug/ml 

were incompletely resistant to 1 ƒÊg/ml of isoniazid 

and completely resistant to 0.3 ƒÊg/ml of isoniazid 

as in the case of control bacteria which were 

subcultured on the isoniazid-free medium. On the 

other hand, tubercle bacilli subcultured on the 

media containing isoniazid at 3 ƒÊg/ml or higher 

were incompletely resistant to 30 ƒÊg/ml of isoniazid 

and completely resistant to 1 ƒÊg/ml of isoniazid. 

The results of quantitative culture with ground 

portions of organs of guinea pigs dissected 12 

weeks after the infection were shown in Table 5. 

A large number of bacterial growth was observed 

from the organs of the animals, into which tuber-

cle bacilli after three subcultures on the media 

containing isoniazid at 3 ƒÊg/ml or less had been 

inoculated, while no bacterial growth was observed 

from the organs of animals when bacteria after 

three subcultures on medium containing 10ug/ml 

of isoniazid had been inoculated into the animals. 

The degree of gross tuberculous changes in organs 

essentially agreed with the results of quantitative 

culture described above. 

The isoniazid-susceptibility of tubercle bacilli in 

organs of guinea pigs was shown in Table 6.

Tubercle bacilli resistant up to 3 μg / ml of isoniazid

were isolated from organs of animals into which

isoniazid-resistant variants obtained by three sub-

cultures on the media containing isoniazid at 1 μg/

ml or less had been inoculated, while tubercle 

bacilli resistant to 10 to 30 ƒÊg/ml of isoniazid were 

isolated when isoniazid-resistant variant after 

three subcultures on medium containing isoniazid 

at 3 ƒÊg/ml had been inoculated into the animals. 

Although a direct method for estimation of sus-

ceptibility to isoniazid with organs tends to give 

higher values for resistance12), these results sug-

gest that tubercle bacilli resistant to 3 to 10 ƒÊg/ml 

of isoniazid may grow in guinea pig organs. 

Discussion 

In Experiment 1, after three subcultures of 

soniazid-susceptible tubercle bacilli on the media 

containing isoniazid at various concentration, it 

was possible to isolate variants having low degree 

of resistance to isoniazid (0.3-1 ƒÊg/ml) with either 

scarcely or markedly attenuated virulence. Namely, 

subcultures on the media with isoniazid at lower 

concentration yielded virulent tubercle bacilli hav-

ing low degree of resistance to isoniazid, while 

subcultures on the media with isoniazid at relati-

vely high concentrations yielded tubercle bacilli 

which had low degree of resistance to isoniazid 

and were markedly attenuated. 

When the first subculture in 3 subcultures was 

carried out on the medium with isoniazid at rela-

Table 6 Isoniazid susceptibility test with emulsified and diluted organs of guinea pigs

infected with tubercle bacilli subcultured on the media containing isoniazid-

Parent strain had low degree resistance to isoniazid.

The nurnbers represent viable units in 10 mg of each spleen.
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tively high concentration, tubercle bacilli isolated 

had low degree of resistance to isoniazid and were 

markedly attenuated, even if the following 2 

subcultures were on the media with isoniazid at 

relatively low concentrations. 

In Experiment 2, the virulent tubercle bacilli 

having low resistance to isoniazid obtained in 

Experiment 1, were subcultured on the media 

containing isoniazid at relatively high concentra-

tions. The procedures resulted in the production 

of both the highly resistant (3-10 ƒÊg / ml) and 

virulent variants and more highly resistant and 

scarcely virulent variant. Subcultures on the

medium containing isoniazid at a moderate (3 μg/

ml) concentration yielded the virulent while sub-

cultures on the medium containing isoniazid at a 

higher concentration yielded the attenuated variant 

with high degree of resistance to the drug. 

These results suggest that virulent tubercle 
bacilli having resistance to isoniazid may be yiel-

ded when the initial isoniazid concentration is low 

in the growth media. 

From the clinical point of view, chances may 

not be few for tubercle bacilli in lesions to be 

exposed to isoniazid at the low concentration. This 
may be the case, for example, when isoniazid is 

given at a low dose, when lesion is hard to reach 
for isoniazid, or when isoniazid is given to a 

patient whose isoniazid-inactivating activity is 
high. It should also be noted that, different from 

an in vitro experiment, isoniazid concentration in 

the lesion is not constant and may drop down to 

zero during the interim period between medications. 

Under such conditions, tubercle bacilli may have 

mild contacts with isoniazid and variant having 

low degree of resistance to the drug without a 

marked attenuation of virulence may be yielded. 

Once virulent variant having low degree of resis-

tance is grown, it may be followed by the growth 

of virulent bacilli having high degree of resistance 

as observed in Experiment 2. 

There is a paper reporting that isoniazid-resis-

tant tubercle bacilli isolated from patients receiving 

large doses of isoniazid at the initiation of the 

chemotherapy, tend to be negative in catalase 

reaction13). Attenuation of virulence of isoniazid-

resistant tubercle bacilli is not always coupled 

with negative catalase reaction. Attenuation of 

virulence was, however, frequently observed in 

isoniazid-resistant tubercle bacilli isolated from

patients receiving large doses of the drug at the 

initiation of the chemotherapy14). Exceptional cases 

are of course inevitable, since isoniazid concentra-

tion in each lesion is not always proportional to 

the doses of isoniazid. 

As described above, our experimental results 

suggest that isoniazid concentration in the environ-

ment, in which tubercle bacilli grow, at the inf-

tiation of the isoniazid administration affects the 

virulence of isoniazid-resistant variants. 

Summary 

1. After subcultures of isoniazid-susceptible 

tubercle bacilli on the media with isoniazid at 

various concentrations it was possible to isolate 

variants having low degree of resistance to the 

drug with and without attenuation of virulence. 

The latter was isolated by subcultures on the 

media containing isoniazid at low concentration, 

while the former was isolated by subcultures on 

the media containing isoniazid at relatively high 

concentrations. 

2. When the virulent tubercle bacilli having 

low degree of resistance to isoniazid were subcul-

tured on a media with isoniazid at moderate 

concentration, the variant having relatively high 

resistance to the drug was isolated without mar-

ked attenuation of virulence. 

3. It was proposed that isoniazid concentration 

in the environment, in which tubercle bacilli 

grow, at the initiation of the isoniazid administra-

tion affects the virulence of isoniazid-resistant 

variants.
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