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Table 1. Number of Colonies Developed
on the Egg Slant

St V.U g’;;‘::g Number of colonies
rain | estimated (mcg/x.nl) mean
I I MT ¥V V (X U2
Control 58 63 53 63 66 60.6 0.11
SM 1|55 63 39 67 61 57.0 0.67
10 | 63 62 57 41 52 55.0 0.37
100 | 63 66 51 41 49 54.0 0.50
K80 96/10¢ |PAS 1|64 43 68 43 51 53.8 0.60
(ny=4.8) 10 000 O0O O 0
100 0 00 0O O 0
INH 0.1|72 62 76 53 45 61.6 0.73
165 43 74 61 65 61.6 0.58
5/ 0 0 000 O 0
Control 61 41 67 42 63 54.8 0.73
SM 1| 45 46 53 60 53 51.4 0.18
10(12 8 711 3 8.20.61
10010 4 710 3 6.8 0.68
K83 117/105 | PAS 1| 57 48 58 55 43 52.2 0. 47
(ny=>58.5) 10 2110 2 1.20.10
100 000 O0O0 O 0
INH 0.1 | 58 44 48 65 63 55.6 0. 40
1| 6 91110 4 8.00.30
5 000O0O0 O 0
Control 43 35 27 27 22 30.8 0.50
SM 1|26 31 40 25 38 32.0 0.36
10 | 27 13 37 32 22 26.2 0.92
100 | 27 25 25 23 29 25.8 0.26
K79 15/105 | PAS 1|26 1519 45 22 25.4 1.17
(no=7.5) 10/ 00000 O O
100 00 0O0O0 O 0
INH 0.1 | 28 43 26 30 22 29.8 0.49
1|27 34 21 30 26 27.6 0.22
5 00 0O0O0 O 0
Control 32 21 27 27 21 25.6 0.19
SM 121252119 27 22.6 0.12
10 5 2 5 3 3 3.60.13
100 4 3 8 3 4 440.2
K84 42/10¢ | PAS 126221025 718.01.29
(ny=2.1) 10 00 00O O 0
100 0 0 00O O 0
INH 0.1 |13 10 27 23 18 18.2 0.70
1 1 5 31 4 2.80.33
5 000 O0O0 O 0
Control 15 22 15 10 13 15.0 0.31
SM 113121014 9 11.6 0.10
10 00 00O O 0
100 00 00O O 0
K74 42/10¢ |PAS 1]12 13 18 10 13 13.2 0.16
(ny=2.1) 10 6 2 0 0 2 2.00.55
100 00 0O0O0 O 0
INH 0.1/21 7 9 81512.00.70
1 00 0O0O0 O 0
5/ 00 000 O 0

Note. Number of colonies : Per 0.1ml of 10* dilution.
V.U. estimated : Viable unit per 0.1ml of 10"
dilution.

I,1,II, T, V: Number of test tube.
1no: Number of green stained cells per field.
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Fig. 2. Correlation between the Square root Table 2. Calculation of z, by the
of the Average Number of Colonies and Use of the Formula
the Unbiased Variance (,1212) D2, F @  @=0.05
u?/N
X2
X N=5 N=3 = 2

= W= |ui= W= | ui= wi=
1.0 0.5 1.0 0.5 1.0 0.5
1.0 —_ 15 | 13.76 14.12 | 12.52 13.25 | 6.02 8.65
— 14 | 12.76 13.12 | 11.52 12.25 | 5.02 7.65
\?‘ r 13 | 11.76 12.12 | 10.52 11.25 | 4.02 6.65
5 12 0.76 11.12 9.52 10.25 | 3.02 5.65
~ 11 9.76 10.12 8.52 9.25 | 2.02 4.65
W, 10 8.76 9.12 7.52 8.25 | 1.02 3.65
“L’ 9 7.76 8.12 6.52 7.25 | 0.02 2.65
' i 8 6.76 7.12 5.62 6.25 1.65
% 05— — —— 7| 57 6.12| 4.52 5.25 0.65

6 4.76 5.12 3.52 4.25

+ I 5 3.76 4.12 2.52 3.25

| 4| 2,76 3.12| 1.52 2.25

3 1.76 2.12 0.52 1.25

2 0.76 1.12 0.25

L . 1 0.12
s L L . —! z, : Mean of the square root of the number
0 1 10 of colonies on the control slant.
— 1=/X z, That of the drug cotaining slant.
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Table 3. Comparison of the Test Results
Using Various Number of Slant

Drug N=5 N=3 N= 2
St- com;_ent-
rain| ration = u-| = u-| y=- u-
(mcg/ml) VX gge vx w ége VX oW gge
Control 7.78 0.11 7.61 0.28 7.78 0.06
SM 1/7.210.67 R {7.200.75 R |7.680.14 R
10{7.390.37 R [ 7.790.04 R | 7.91 0.003 R
1001 7.320.50 R | 8.07 0.44 R | 8.03 0.005 R
K 80 PAS 1/7.300.60 R | 7.60 0.85 R | 7.28 1.02 ?
10 0 0 S 0 0 S 0 0 S
1000 0 0 S 0 0 S 0 0 S
INH 0.1(7.810.73 R |8.360.19 R | 8.180.20 R
1/7.820.58 R |7.741.11 R |7.31 112 ?
5 0 0 S 0 0 S 0 0 S
Control | 7.37 0.73 7.47 0.89 7.11 0.74
1/7.160.18 R | 6.920.09 R | 6.75 0.002 R
10 2.800.61 r |{2.980.18 r {3.150.02 R
100 | 2.54 0.68 r | 3.07 0.67 r |2.58 0.78 %
K 83 PAS 1|7.210.47 R |7.370.14 R |7.240.02 R
10(0.970.10 r [ 1.140.06 r | 1.21 0.08 R
1000 0 O S 0 0 S 0 0 S
INH 0]7.440.40 R |7.060.26 R |{7.130.45 R
1{2.790.30 r |2.930.25 r |2.730.16 R
5 0 0 S 0 0 S 0 0 S
| Control |5.510.50 |5.8900.54 |6.240.20
SM 1/5.630.36 R |5.670.39 R |5.340.07 R
10/ 5.050.92 R [ 4.96 1.67 R | 4.41 1.26 R
100 5.08 0.26 R | 5.07 0.02 R | 5.10 0.02 R
K 79 PAS 1/4.951.17 R |4.440.39 R [4490.75 R
10 0 0 S 0 0 S 0 0 S
100 0 0 S 0 0 S 0 0 S
INH 0.1]5.420.49 R | 5.650.63 R |5.930.80 R
1/5.230.22 R {5.200.40 R |5.520.20 R
5 0 0 S 0 0 S 0 0 S
Control | 5.03 0.19 5.15 0.29 5.21 0.58
SM 1/4.740.12 R | 4.720.06 R | 4.79 0.08 ?
10/1.870.13 r {2.030.29 r | 1.880.53 ?
100 2.060.20 r |{2190.33 r | 1.960.11 ?
K 84 PAS 1(4.121.29 R |4.321.05 R |4890.09 %
10 0 0 S 0 0 S 0 0 S
100 0 0 S 0 0 S 0 0 S
INH 0.1/4.200.70 R [3.991.13 R |3.390.10 ?
1{1.590.33 r |1.660.39 r | 1.620.76 ?
5| 0 0 S 0 0 S 0o 0 S
Control | 3.840.31 4.14 0.88 4.28 0.34
M 1(3.400.1) R [3.410.05 R |3.530.02 ?
10 0 0 S 0 0 S 0 0 S
0| o 0S| o o0s| o o s*
K74|PAS 1/3.620.16 R |3.770.17 R | 3.530.02 ?
10]1.56 0.55 r [ 1.29 0.51 r | 1.93 0.54 ?
100 0 0 S 0 0 S 0 0 S
INH 0.1[3.390.70 R | 3.41 0.56 R | 3.61 1.86 ?
1 0 0 S 0 0 S 0 0 S
R : Completely resistant.
r: Incompletely resistant. %«/z-
? : Undecidable. S 1
N : Number of slant. XN
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A Proposition of a New Method of Drug Sensi-
tivity Test of Tubercle Bacilli by Colony Counting
Although the knowledge of the degree of drug

resistance of tutercle bacilli is an important factor

in the choice of the therapeutic regimen, an accu-
rate determination of complete or incomplete drug
resistance is actually a matter of great difficulty.

Here, the present author proposes a new method of
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determining complete or incomplete drug resistance
by using a random sampling method in colony coun-
ting.

Methods : Several series of test media were pre-
pared by adding 1, 10 and 100 mcg/ml of SM or PAS
and 0.1,
1% Ogawa’s egg medium.

1 and 5mcg/ml of INH, respectively, to

Cell suspension for the inoculation was prepared
from organisms cultured on Dubos’ agar plant. The
number of viable unit in this suspension was esti-
mated by Murohashi’'s malachite-green-fuchsin
staining method, and based on this estimation the
cell suspension was diluted so as to give a number
of two figures in the anticipated colony count.

On five series of the above test media containing
the drugs together with the controles was inocu-
lated 0.1 ml each of the above cell suspension.

Results : As shown in Table 1, fairly large dif-
ference was observed between the number of colon-
ies on 5 slants of the same series. However, un-
biased variance, 42, was rather small in most cases,
ranging from 0.1 to 1.0. Statistical analysis of the
distribution of the colony number on five slants re-
vealed that the Poisson distribution was not ado-
ptable owing to the too great deviation. However,
when the analysis was carried out on the square
root of the colony number, the distribution resem-
bled to the normal distribution. Therefore, the
square root of the colony number on every slant
(VX==x) was used as the variance.

On the other hand, since complete or incomplete
resistance means about the same or obviously lesser
colony number on the drug contaning tube as com-
pared with that of the control, examination of the
significant difference between the mean colony num-
bers of both kinds of the slant seems to be indispe-
nsable for the determination of the degree of re-
sistance.

Therefore, the formula

(z—= 1 —%2)?
2/N

was adopted for the examination. Here, , stands for

>F (a) @=0.05eeeeres (1)

the mean value of the sum of the square root of
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colony number on control tubes and z; for that of
If the formula (1) holds

good, z; and z, are accepted as significantly differ-

the drug-containing tubes.

ent. Then, values of z, were calculated against
the assumed values of z; employing formula (1) in
the cases of the unbiased variance of 1.0, 0.5 and
0.2, respectively and the results were presented in
Table 2 and Fig. 3.

By the use of the assay diagram shown in Fig.
3, the distinction between the complete and the in-
complete resistance becomes very easy. Namely, if
the mean of the square root of colony number on
drug containing media (x;) on X axis is less than
z,/, i.e. 2,<xy’, the result is decided as incomplete
resistance, » and if z, is bigger than z,/, i.e. z, >
z’,, complete resistance, R.

Number of the slant to be used : As the colony
numbers on 5 slants listed in Table 1 were obtained
from a randomly selected sample, colony number on
the first 2 or 3 slants were used for the analysis.
Results examined by employing the assay diagrame
(Fig. 3) revealed that if more than 3 slants were
used in the sensitivity test, the results would be
available, without big errors, for deciding whether
the dergree of resistance was complete or incom-
plete. However, if 1 or 2 slants were used, it was
impossible to make correct decision of the results,
unless the bacterial suspension was so homogeneous
that the unbiased variance, 42, was less than 0.5.

Summary : It seems very difficult in the daily
practice to carry out the drug sensitivity test of
tubercle bacilli quantitatively as precisely as pos-
sible. So long as the results of sensitivity test are
used only as the reference for the treatment of the
patients, this purpose will be sufficiently attained
by the comparison of the degree of growth on the
media, and too detailed examination as related in
the present paper may be unnecessary. However,
in order to see the degree of the resistance as pre-
cisely as possible by the comparison of countable
colony number, the present author wishes to pro-
pose a new stochastical method related above employ-

ing more than 3 slants in one series in the test.



