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The occurrence of PAS-resistant Mpycobacterium
Zuberculosis has been reported by several workers(~%,
and KARLSON, et al. ® suggested that sputa of pa-
tients who received PAS may contain a heteroge-
neous population with respect to PAS resistance.
NITTI, et al.® reported that PAS-resistant strains
of M. tuberculosis are not stable in vitro as well as
in vivo and PAS resistance is reversible by transfers
of strains. OGURA® and ITO® reported similar
results. TSUKAMURAC~® reported that the hete-
rogeneity of population in the PAS-resistant strain
of M. tuberculosis is not derived fom the insufficient
selection of mutants but form the nature of the
PAS-resistant strain of M. tuberculosis itself.

However, there is none of the quantitative study
on the PAS resistance of bacterial bopulation occur—
ring in sputum. The purpose of the present paper
is to study the in vivo stability of PAS resistance
and the patten of emergence of PAS resistance
during the combined therapy with isoniazid and PAS
(isoniazid-PAS therapy).

Materials and Methods

Specimens of sputum were treated with an equal
volume of 5 9 potassium hydroxide for 15 minutes.
The sputum hydrolyzed was diluted with saline and
100-to 10*-dilutions were prepared. Each 0.02 ml of
each dilution was inoculated on OGAWA’s medium
containing various concentrations of streptomycin,
PAS and isoniazid.  Colony count was made at 6
weeks. From these counts calculation was made
of the total bacterial population and of the proportion
of cells in each cultures resistant to each concen—
trations of the drugs. The composition of OGAWA’s
medium is as follows: Basal solution (1% sodium
glutamate, 1%KH,P0,), 100 ml; eggs 200 ml ; gly—
cerol, 6ml; 2% malachite green solution, 6 ml.
Each tube contained 8 ml of medium and slanted by
sterilization at 90°C for 60 minutes.

The examination was made bi-monthly on 15 pa-
tients with far advanced pulmonary tuberculosis
with chronic cavities. Clinical figures were obse—
rved by content of acid-fast organisms in sputum,
blood sedimentation rate, temperature, weight, and
roentgenogram.

During 6 to 16 months the patients received ison—
iazid-PAS therapy (Isoniazid 300 mg twice or thrice

weekly and PAS 8 to 10g daily). The amount of
isoniazid administered was 20 to 106 g in total and
that of PAS 1,440 to 4,100 g. However, one fetal
case received isoniazid 4.5 g and PAS 700 g in total.

In the present paper, the results of PAS resista-
nce is reported.  All of the patients had received
the administration of PAS previously, and, only the
change of bacterial population with respect to PAS
resistance was observed in this report.

Results

The change of bacterial population bi-monthly
observed is shown in Table 1.

Table 1 The change of bacterial population
occurring in sputum bi-monthly ob~
served (The number indicates the
percentage of organisms resistant to
1, 10, 100 mcg of PAS respectively.)

Case Igg‘;ffp‘ﬁ Percentage of resistant organisms

O S-therapy Per total viable units
1 Improvement
1 mcg 100 41 100 87 100 100 100
10 100 8 67 87 83 100 100
100 50 0 0 0 0 1 O
2 No change
lmcg 52 52100 74 74 100 8 100
10 52 9 077 0 0 2 0
100 001 0 0 0 0 O 0 O

4 Improvement
1 mcg 100 73 100
10 100 21 100
100 0 0 O

5 Deterioration

1 mcg 100 56 100 33
10 20.5 88 36
100 0.1 0 34 22

6 Deterioration (fetal)
lmcg 36 43 75

58 100 68 100
58 100 57 100
70 100 13 100

10 15 45 50
100 0O 0 0
7 No change
1 mcg 100 100 80
10 100 100 80
100 0 0 O
8 Deterioration
lmcg 55 42100 15 11 100
10 24 32 30 0 11 100
100 0.0l 0 0 0 0 81
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9 No change the percentage until a considerable rate-.-- 1 case.
1 mcg 100 100 100 49 100 80 Case 10 (from 36% to 0% and from 0% to 36%).
10 76 100 100 36 100 69 (d) Maintainance of PAS resistance without re—
100 76 18 0 35 35 20

10 No change
I mecg 100 100 18 12 69

10 36100 0 3 36
100 0 0 0 0 0
11 Impro .ment
1mecg 75 64 100 100 100 100 31 80 67
1o 0.3 3 33 114 7 10 23 42
100 00.021.30.20.90.3 13 8 15
12 ‘No change
1'mcg 100 100 100 100. 40
10 51 100 100 100 40
100 18 100 76 65 0.04
13 No change
1mcg0.25 70100 64 5 50 66 69 91
10 0 0100 80.10.1 19 4 18
100 0 0 0 0001 0 0 0 O
14 No change
Imcg 43 14 81 100 100 81 100 100
10 26 1 6024 308 00.06
100 0 0 09007 0001 0 O
15 Improvement
Imecg 70 50 0 O 2 10 35
10 0 0 0 06 1 o0 3
100 0 0 0 0o 1 o0 3

16 Improvement
1 mcg 63 100 100 59 58
10 19 56 67 0.7 O
100 0 0 0 0 O

(1) The pattern of emergence of PAS resistance
during isoniazid-PAS therapy.

All of the patients had more or less bacterial
population containing above 50% of organisms resi—
stant to 1 mcg of PAS. Therefore, the change of
bacterial population was observed with respect to
the percentage of organisms resistant to 10 mcg of
PAS (10 mcg-R) and to 100 mcg of PAS (100 mcg—
R).

With respect to the percentage of 10 mcg-R, the
pattern can be divided into the following 5 groups.

(a) Increase of PAS resistance i.e., increase of
the percentage of 10 mcg-R from 0% to a conside-
rable rate-..-.- 4 cases.

Case 5 (from 2% to 100%) ; case 11 (from 0.3%
to 42%); case 13 (from 0% to 18%) ; case 15(from
0% to 3%).

(b) Reduction of PAS resistance 7. ¢., reduction
of the percentage of 10 mcg-R from a considerable
rate to 0%).+«+- 3 cases.

Case 1 (from 52% to 0%); case 14 (from 269% to
0%); Case 16 (from 19~67% to 0%).

(¢) Maintainance of PAS resistance with remi-
ssion. A considerable rate of 10 mcg-R was observed
at the beginning of isoniazid-PAS therapy, and,
during the therapy, the reduction of the peprcentage
until 0% occurned and then again an increase of

mission.«««-» 7 cases.

Cases 1, 4, 6, 7, 8, 9, 12. i

(e) No. PAS resistance i. e., no occurrence of
10 mcg-R throughout the therapy:--.---No case.

It appears to be important that a significant re-
duction of PAS resistance occurred-even during the
isoniazid-PAS therapy. In the cases that belong ta.
group (b), bacterial population had contained a
considerable number of 10 mcg-R ‘at the beginning
of the therapy and the 10 mcg-R disappeared during
the therapy. The pattern of PAS resistance as:
shown in groups (b) and (c) indicates that PAS
resistance is very unstable.

‘With respect to 100 mcg-R, the pattern can be
divided into 5 groups as mentioned -above.

(a) Increase of PAS resistance.::---3 cases.

Case 5 (from 0.1% to 100%) ; case 8 (from 0%,
to 81%); case 11 (from 0% to 15%).

(b) Reduction of PAS resistance---- 2 cases.

Case 1 (from 50% to 0%) ; case 12 (from 18~
100% to 0%).

(c) Maintainance of PAS resistance with remi—~
ssionee-e- 1 case.

Case 9 (from 76% to 0% and from 0% to 20%).

(d) Maintainance of PAS resistance without re—
mission:---- No case.

(e) No PAS resistance------ 9 cases.

Cases 3, 4, 6, 7, 10, 13, 14, 15, 16.

With respect to mcg-R also, it is remarkable that
reduction and remission of PAS resistance have-
occurred even during administration of PAS.

(2) The variation of the percentage of PAS-
resistant organisms occurring in sputumi.e., varia-
tion of bacterial population with respect to PAS:
resistance.

(1) Variation of the percentage of 1 mcg-R.

All of the patients had more or less bacterial
population containing above 50% of 1 mcg-R. Among-
the patients, 10 cases (10/15=66.6%) showed signi-
ficant variations of the percentage i. e., variations.
of above 50% in number of the percentage.

(ii) Variation of the percentage of 10 mcg-R.

13 Patients had more or less bacterial population:
containing above 50% of 10 mcg-R. Among the-
patients, 11 cases (11/13=84.7%) showed significant
variations of the percentage i.e., variations of above
50% in number of the percentage.

(iii) Variations of the percentage of 100 mcg-R.

5 Patients had more or less bacterial population:
containing above 50% of 100 mcg—R. All of these
patients showed significant variations in their bac—
terial populations, i. e., variations above 50% im
number of the percentage.
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The percentage of PAS-resistant organisms varied
most significantly even in the same patients. The
variation of bacterial population seems to be most
significant with respect to 100 mcg-R, and modera-
tely significant with respect to 10 mcg-R, and less
significant' with respect to 1 mcg-R.

(3) The relationship between the occurrence of
organisms resistant to 100 mcg of PAS and the the-
rapeutic effect of isoniazid-PAS therapy.

During the isoniazid-PAS therapy, the occurrence
of 100 mcg-R was observed in 6 cases (cases 1,
5, 8, 9, 11, 12) and not observed in 9 cases (cases
3, 4, 6, 7, 10, 13, 14, 15, 16). Accordingly,

(a) Cases whose bacterial bopulation contained
100 mcg-R.

Improvement 2 ; No change 2 ; Deterioration 2.

(b) Cases whose bacterial population ‘cotnained
no 100 mcg-R.

Improvement 3 ; No change 5; Deterioration 1.

If one supposed improvement as + 1, no change
as 0, and drterioration as —1, the therapeutic effect
would be expressed as the arithmetic mean of these
numbers.  Accordingly,

The effect on (a) is 0 and that on (b) +0.222.

There is no significant difference between these
effects.

When the effect was compared in cases whose
population contained above 50% of 100 mcg-R and
cases whose population below 50%.

(a) Cases whose bacterial population contained
above 50% of 100 mcg-R.

Improvement 1; No change 2; Deterioration 2.

If calculated as mentioned above, the effect of
the isoniazid-PAS therapy on (a) is —O0. 20.

(b) Cases whose bacterial population contained
below 50% of 100 mcg-R.

Improvement 4; No change 5; Deterioration 1.

The effect is +0. 30.

Therefore, it appears that group (a) is better
than group (b). However, statistical calculation
indicated that there is no significant difference bet;
ween these effects in these two groups.

(4) The relationship between the occurrence of
osganisms resistant to 10 mcg of PAS and the the-
rapeutic effect of isoniazid-PAS therapy.

(a) Cases whose bacterial population contained
above 50% of 10 mcg-R in the latest 6 months of
the therapy.

9 Patients belonged to this groups (cases 1, 3, 4,
5 6, 7, 8 9, 12).

Improvement 2; No change 4; Deterioration 3.

The effect of the therapy on (a) is —0.111.

(b) Cases whose bacterial population contained
below 50% of 10 mcg-R in the latest 6 months of
the therapy.

6 Patients belonged to this group (cases 10, 11,

13, 14, 15, 16).

Improvement 3; No change 3; Deterioration 0.

The effect of the therapy on (b) is+0. 500.

It appeared that there was a significant difference
between the effect of these two groups. However,
statistical calculation indicated that there is no si-
gnificant difference.

(5) The relationship between the pattern of
emergence of PAS resistance and the therapeutic
effect of isoniazid-PAS therapy.

The patients could be divided into the following
two groups : (a) the maintainance of PAS resistance
without remission and (b) the others.

With respect to 100 mcg-R, there is no case of
manintainance of resistance.  Therefore, observa-
tions were made only with respect to 10 mcg-R.

(a) Cases of the maintainance of PAS resistance.

Improvement 2; No change 3; Deterioration 2.
The effect on (a) is 0.

(b) The other cases.

Improvement 3; No change 4 ; Deterioration
1.
The effect on (b) is+0. 25.

The tendence of improvement in the group (a)
wae seen. However, the difference is statistically
not significant.

Discussion

In view of the results, it appears of very chara-
cteristic that a reduction of the percentage of PAS
~resistant organisms occurs even during the admi-
nistration of PAS, and that a marked variation of
the percentage also occurs. Similar phenomena
have been shown with respect to isoniazid resistance
®~1>, However, these strains do not show such
marked variation of resistance with respect to str—
eptomycin resistance as shown in PAS resistance
(the second report) Considering these facts, it
appears that the variation and the reduction of ba-
cterial population with respect to PAS resistance are
derived from a character of PAS-resistant strains
than a reflection of organisms derived from various
sites. = TSUKAMURA has reported previously that a
PAS-resistant strain isolated in the laboratory has
a very heterogeneous composition of population and
the heterogeneity is not derived from unsufficient
selection of the strain but one of the nature of the
strain. It appears therefore reasonable that the
variation and the reduction of the percentage of
PAS-resistant organisms are derived from the he-
terogeneity of bacterial population as the nature of
the PAS-resistant strain.

In the present study, a tendency of deterioration
was seen in patients with the maintainance of PAS
resistance and with high percentages of PAS-resi-
stant organisms in their bacterial population. How-
ever, none of the statitically significant relation-
ship could not been detected between the percentage
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of PAS-resistant orgaisms occurring in sputum and
the therapeutic effect of isoniazid-PAS therapy.

It may be probable that the effect is concerned
rather with isoniazid resistance or streptomycin
resistance that with PAS resistance.

Summary

The quantitative analysis of the bacterial popul-
ation occurring in sputum was made with respect
to streptomycin resistance, isoniazid resistance and
PAS resistance in 15 patients with far advanced
pulmonary tuberculosis. In the present paper, the
results have been presented as regards PAS resist-
nace.

The analysis was bi~monthly made for 6 to 16 mon-
ths and the pattern of emergence of PAS resistance
was observed during isoniazid-PAS therapy.

Even during the administration of PAS, a marked
reduction and a marked variation of the percentage
of PAS-resistant organisms per total viable units
occurred.

A tendency of deterioration was observed in pati-—
ents whose bacterial population in sputum contained
a high percentage of PAS-resistant organisms (or-
ganisms resistant to 10 mcg and to 100 mcg of PAS)
and a tendency of improvement in patients whose
bacterial population contained a low percentage or
none of PAS-resistant organisms. However, the
difference of these two groups was statistically not
significant.  In appears that the therapeutic effect
of isoniazid-PAS therapy is more closely correlated
with resistance to isoniazid or streptomycin than to
PAS.

The author wishes to express their appreciations
to Dr. ROKURO KATSUNUMA, Director of the Obuso
National Sanatorium, and to Prof. SUSUMU HIBINO,
Medical School of Nagoya University, for their kind
advice.
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