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Conflicting evidence has accumulated
in the literature concerning the signifi-
cance of isoniazid-resistant tubercle
bacilli. Our concern with regard to
these organisms was increased following
the establishment by the New York City
Department of Health of a policy of
treating the unhospitalized patient with
isoniazid.1' 2 We had to determine the
extent of the risk involved in the spread-
ing of these resistant organisms by the
unhospitalized patients to their contacts.
We did not understand the role played
by the isoniazid-resistant tubercle bacilli
in the maintenance and spread of the
active lesions in the individual patient.
In other words, are tubercle bacilli re-

sistant to isoniazid, virulent or aviru-
lent?
The available evidence is contradic-

tory. In vitro experiments, conducted
in our laboratory, clearly demonstrated
that pure cultures of resistant tubercle
bacilli may regain their sensitivity, as

well as their virulence for guinea pigs,
if they are grown for several generations
in a drug-free medium.3
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The host employed in the various
studiep with regard to the virulence of
isoniazid-resistant tubercle bacilli ap-
pears to influence the conclusions of the
investigators. That resistant tubercle
bacilli are virulent was the opinion of a
number of individuals 4-7 when the
mouse was employed as the laboratory
animal. However, at least one report 8
indicated that isoniazid-resistant tuber-
cle bacilli did not cause progressive dis-
ease in mice.

There seems to be a definite loss of
virulence of the isoniazid-resistant tu-
bercle bacilli if the guinea pig is the
host.7 9-11 However, it is worthy of note
that the resistant organisms do multi-
ply in the guinea pig, though no
progressive disease is usually produced,
and that these organisms are probably
eventually eliminated. In a previous
paper " we noted that guinea pigs
inoculated with the INH-resistant organ-
isms became tuberculin-positive within
four to 16 weeks and that local ab-
scesses were noted in at least some of
the guinea pigs. These local abscesses
contained tubercle bacilli which retained
the same degree (100 ,ug/ml.) of re-
sistance to isoniazid as was present in
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The propensity of the tubercle
bacillus to acquire drug resistance
remains at least a potential threat
to public health control measures.
Hence, the laboratory research re-
ported here may have as much of
interest to the epidemiologist and
others in the tuberculosis control
field as to the laboratory workers
to whom it was addressed.
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the original inoculum. However, with
the exception of guinea pigs which de-
veloped an enteritis and died, no
progressive tuberculosis developed.
Moreover, the tuberculin-positive guinea
pigs eventually (in about 30 weeks) re-
verted to tuberculin-negative. What is
worthy of note was the fact that the
resistant organisms in the guinea pigs
which developed a concomitant disease
(enteritis) multiplied and produced
tuberculous lesions in the lungs, spleen,
and liver. Subcultures from these
tuberculous lesions produced cultures of
tubercle bacilli resistant to 100 jug of
INH/ml. of media which was equivalent
to the degree of resistance present in
the original inoculum. We must there-
fore not ignore the thought that though
resistant tubercle bacilli have seemingly
lost their virulence for guinea pigs, that
these organisms will multiply and pro-
duce tuberculous lesions under the
proper conditions, such as concomitant
enteritis.

It was previously determined that12
if resistance to isoniazid develops in a
patient, these resistant organisms will
continue to multiply and the bacterio-
logic picture will worsen. In general,
it was noted 1 that some correlation
existed between the development of re-
sistant organisms in patients and non-
improvement by both x-ray and bac-
teriologic standards when the patient
was continued under isoniazid therapy.
The New York City Department of

Health is interested in determining the
extent of the spreading of these iso-
niazid-resistant organisms in the com-
munity by the unhospitalized patient
undergoing isoniazid therapy. This
will be the subject of a future report.
In view of the laboratory observation
that the resistant tubercle bacilli will
produce lesions in guinea pigs with a
concomitant disease, and because the
sputa of patients with resistant organ-
isms will usually also contain varying
proportions of sensitive tubercle bacilli,

we attempted to determine the role of
the resistant organism: (1) when mixed
with virulent tubercle bacilli and in-
oculated into normal animals, and (2)
when injected into guinea pigs which
previously had been inoculated with
virulent tubercle bacilli.

It was hoped that we would thus ob-
tain information which might be of use
in interpreting our findings with regard
to the possible spreading of resistant
organisms by the unhospitalized patient.

Method

Experiment A-A single strain, No.
859, of tubercle bacilli virulent for mice
and guinea pigs and sensitive to 0.1 jug
INH/ml. of media, was grown on INH-
containing Proskauer-Beck medium
until the organisms became resistant to
100 ,ug INH/ml. The 100 ,ug/ml.-
resistant organisms were then trans-
planted three times on media containing
100 tg/ml. The third transplant became
the source of the resistant organisms
used in the experiment requiring mix-
tures of resistant and sensitive organ-
isms. The sensitive organism was the
original strain, No. 859, which was
isolated from a patient in our clinic.
The inoculum was prepared by sus-

pending the growth of either the resist-
ant or sensitive organisms in a phos-
phate buffer, shaking the suspensions
with glass beads for one hour, and then
adjusting the turbidity to equal the
No. 1 tube of the MacFarland nephelo-
meter (3x10 8 organisms). Mixtures
of the resistant and sensitive suspension
were then prepared in proportions as
indicated in the protocol (Table 1).
Mice were inoculated intravenously

with 0.1 ml. of the inoculum; guinea
pigs with 0.25 ml. into the inguinal area.

Experiment B-Suspensions of 10
virulent and sensitive strains of tubercle
bacilli isolated from 10 different clinic
patients were each diluted to equal the
No. 1 tube of the MacFarland nephelo-
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Table 1-Guinea Pigs and Mice Injected with Mixtures of Varying Proportions of
INH-Sensitive and INH-Resistant (100 ug/ml.) Tubercle Bacilli. Lesions

Produced Were Cultured and the Isolated Tubercle Bacilli Tested
for Sensitivity to Isoniazid

Inoculum Sensitivity to Ag/nil. Isoniazid of
Mixture Guinea Pigs * Mice Tubercle Bacilli Isolated from Lesions

Guinea Pig t Mouse t
Ag/ml. jug/ml.

Tuberculin Death in Death in
test weeks with days with ° °° ° °

No. of following tuberculous No. of tuberculous m Ln° cs u: Q

animals injection lesions animals lesions - n

100% 10, 13, 16
sensi- 5 Positive (2 died of 11 16, 20, 21, 22, 26
tive enteritis) 26, 42, 46, 49, 56 4+ 0000000 4+0 0 0 0 0 0

100%
resist- 5 Positive None after 5 10 None after 5
ant months months

50%
resist-
ant 24, 24, 24, 24, 26,
+ 5 Positive 5, 6, 7, 11, 16 10 28, 38, 42 (2 alive 4+ 0 0 0 0 0 0 0 4+1+1+1+1+1+1+
50% after 5 months)
sensi-
tive

90%
resist-
ant 29, 29, 29, 29, 36,
+ 5 Positive 5, 7, 7, 13, 14 10 79, 108 (3 survived 4+ 20 0 0 0 0 0 0 4+2+2+2+2+2+2+
10% after 5 months) col
sensi-
tive

98%
resist- 13, 13, 16
ant (sacrificed 56, 115 (8 alive
+ 5 Positive 17, 17-lesions 10 after 5 months) 4+ 0 0 0 0 0 0 0 4+1+1+1+1+1+1+
2% in liver, spleen,
sensi- and inguinal
tive nodes)

* Guinea pigs were tuberculin-negative before injections.
t Control tube does not contain any INH. Culture growth reported as 4+, 3+, 2+, 1+, <1, 0.

meter. The virulent and sensitive
organisms were injected into different
guinea pigs (0.25 ml. subinguinal).

Twenty-five days later (seven days
after becoming tuberculin-positive) the
guinea pigs were reinjected with various
strains of tubercle bacilli, each resistant
to 100 ,ug INH/ml. media. Normal
guinea pigs were inoculated at the same
time with the same resistant organisms.

In both Experiments A and B, after
autopsying the animals, the lesions were
cultured, and the tubercle bacilli isolated
were tested for sensitivity to isoniazid.

Results
Experiment A

The purpose of this experiment was
to determine if resistant organisms
would produce tuberculous lesions in
guinea pigs and mice if the inoculum
also contained sensitive organisms. The
salient points indicated in Table 1 were
that:

1. All guinea pigs became tuberculin-
positive.

2. All tuberculous lesions of guinea
pigs consisted of only INH-sensitive
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tubercle bacilli. No resistant organisms
were in any of the lesions, even when
the original inoculum was a mixture of
98 per cent INH-resistant and only 2
per cent INH-sensitive tubercle bacilli.

3. In mice, some resistant organisms
took part in the formation of the tuber-
culous lesions, though the sensitive
organisms were by far more predomi-
nant, even when the inoculum consisted
of 98 per cent resistant and 2 per cent
sensitive tubercle bacilli.

Experiment B

In this experiment the guinea pigs
were first injected with 10 different
sensitive strains of tubercle bacilli and
one week after the animals became
tuberculin-positive (25 days after
original injection) were reinjected with
10 resistant strains. By this means we
attempted to determine if the resistant
organisms would establish themselves in
the animal which had previously been
exposed to the sensitive bacilli.
No resistant organisms were isolated

from tuberculous lesions of the autop-
sied guinea pigs. All normal guinea pigs
became tuberculin-positive following the
injection by the resistant organisms.

Discussion

Our primary concern with regard to
the isoniazid-resistant tubercle bacilli is
the determination of their importance in
the epidemiology of the disease, as well
as their relationship to the active lesion
in a patient.
The results of the experiments de-

scribed in this report accentuate the
doubt concerning the virulence of the
isoniazid-resistant organisms. When
comparatively few (2 per cent) of the
inoculum were the isoniazid-sensitive
organisms, and 98 per cent consisted of
the resistant organism, the latter played
a minor, if any, part in the formation
of the tubercular lesions. All the organ-
isms in guinea pig lesions and the bulk

of the organisms in the mouse lesions
were isoniazid-sensitive. Resistant or-
ganisms could not be found in the tis-
sues even when the guinea pigs were first
given isoniazid-sensitive organisms and
were injected with the resistant strains
after the animals were converted to
tuberculin-positive.

Although the results point toward a
loss of virulence for guinea pigs and to
a lesser degree for mice, we cannot, as
yet, draw definite conclusions with re-
gard to the human host. It must be re-
membered that the resistant organisms
did produce lesions in guinea pigs
suffering from a concomitant disease
(enteritis); that these organisms do re-
vert to isoniazid-sensitive in vitro if
grown in drug-free media; and that
patients as a rule worsen bacteriolo-
gically once these organisms appear.

It is possible, of course, that these
resistant organisms play no part in the
maintenance and spread of tubercular
lesions in a patient. If that is true then
the bacteriologic relationship to non-
improving patients should be a consist-
ant increase or, at least maintenance of
the isoniazid-sensitive organisms, even
when isoniazid-resistant organisms are
being produced. In other words, the
sensitive organisms (or perhaps par-
tially resistant ones) are producing the
lesions and these organisms are not
eliminated by the drug. They multiply
as sensitive organisms and maintain the
active disease, and at the same time re-
sistant organisms are produced which
play no part in the formation of new
lesions.
To prove this would require a corre-

lation between clinical findings and a
quantitative study of resistant and sensi-
tive tubercule bacilli in sputum of
patients. We are at present undertaking
this experiment by means of the quanti-
tative catalase test,l3 which has proved
of value in rapidly identifying the per-
centage of resistant and sensitive tu-
bercle bacilli in a culture.14 We hope by



ISONIAZID-RESISTANT .TUBERCLE BACILLI VOL. 45 83

this means to study and report the rela-
tionship between the clinical findings on
the one hand and the resistant-sensitive
correlation on the other.

Summary and Conclusion

1. Guinea pigs and mice were injected with
mixtures of isoniazid-resistant and isoniazid-
sensitive tubercle bacilli. The inoculum con-
sisted of 100 per cent sensitive organisms;
50 per cent sensitive and 50 per cent resistant;
90 per cent resistant and 10 per cent sensitive;
98 per cent resistant and 2 per cent sensitive.
After autopsy of the animals, the lesions were
cultured and the tubercle bacilli tested for
isoniazid sensitivity.

2. Guinea pigs were injected with sensitive
strains of tubercle bacilli; 25 days later
(seven days after reverting to tuberculin-
positive) they were reinjected with isoniazid-
resistant tubercle bacilli. After autopsy the
tubercle bacilli isolated were tested for sensi-
tivity to isoniazid.

3. The results indicate that the resistant
tubercle bacilli play little, if any part, in the
formation of tubercles in the guinea pigs or
mice under the conditions of the experiments
described.

4. The possible significance of the isoniazid-
resistant organisms is discussed.
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