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FACTORS RELATING TO THE INCIDENCE OF DRUG RESISTANCE
FOR ANTI-TUBERCULOSIS DRUGS DURING CHEMOTHERAPY (2)*

——Multiple Factor Analysis—

Masahiko YAMAMOTO

(Received for publication August 24, 1970)

The influence of the background factors on the negative conversion of bacilli and the
incidence of drug resistance during the course of chemotherapy were analyzed by multiple
factor analysis.

Three hundred and fifty-six (694 regimens) of already treated tuberculosis patients who
were subjected to the treatment for more than six months with at least one of the following
four secondary anti-tuberculosis drugs for the first time were adopted in this study : kamamycin
(KM), ethionamide (TH), cycloserine (CS) and ethambutol (EB). The critical concentration
of drug resistance in each drug was as follows : 10 ug/m! for KM, 25ug/ml for TH, 20ug/ml
for CS and 5ug/ml for EB.

The outside variable of the analysis adopted here were the following three groups : negative
converted group, the bacilli being converted to negative within 6 months without relapse at
least up to 12 months ; susceptible group, the bacilli being not converted to negative and
remaining susceptible to the drug up to 12 months ; and resistant group, the bacilli becoming
resistant to the drug within 12 months.

Items and categories of the background factors analysed here were as follows: type of
cavities by “Gakken” classification (no cavity, Ka, Kb, Kc, Kd, Kx, Ky, or Kz), sum of internal
diameter of cavities (less than 40 mm, between 40 and 79 mm, or more than 80 mm), amount
of bacilli in sputum (culture (+) or culture (4)), frequency of the positive culture in previous
sputum examination (positive not throughout for previous 4 months or positive throughout for
previous 4 months), number of susceptible drugs added (no drug, one drug or two drugs),
kind of drugs used (KM, TH, CS, or EB), combination with KM (not combinated or combi-
nated), combination with TH (not combinated or combinated), combination with CS (not
combinated or combinated), combination with EB (not combinated or combinated), and combina-
tion with other drug (not combinated or combinated).

Multiple factor analysis was performed with above 11 items and 33 categories among above
3 outside variable, negative converted, susceptible and resistant grougps. Since there were 3

outside variables, the results of analysis were given as quadratic values in orthogonal coordinate

* From the 1st Department of Internal Medicine, Nagoya University School of Medicine,
Showaku, Nagoya 466 Japan.
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system.

The results obtained were as follows : 1) The coordinates of the mean values of the sample
scores of the three groups were as follows : negative converted group (0.0071, 0.0068), suscep-
tible group (—0.0070, 0.0108) and resistant group (—0.0196, 0.0064).
located almost in a strait line which was parallel with dimension 1 and practically could be

These three groups

divided by dimension 1. Negative converted group located rather separately from susceptible
2) Partial

correlation coefficients of items expressed in dimension 1 were as follows * type of cavities by

and resistant group and the latter two groups located nearly with each other.

“Gakken” classification 0.1745, sum of internal diameter of cavities 0.0938, amount of bacilli
in sputum 0.1619, frequency of the positive culture in sputum examination 0.2047, and number
of susceptible drugs added 0. 3738.

was the most important factor for separating three groups and followed by frequency of positive

It was concluded that the number of susceptible drugs added

cultures in previous sputum examinations and type of cavities by “Gakken” classification. 3)
When sample scores of the case along with dimension 1 was more than 12.7Xx107? negative
conversion was expected in 81.49 of cases and became resistant in 6.7%, and when sample

scores was less than —20.9X 1073, negative conversion was expected in 8.9% of cases and
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became resistant in 73.49;.
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Table 1. Correlation Ratio and Partial Correlation Coefficient
Compa No. 1 Compa No. 2
3 .| Dimension 1 0.2684 0. 3150
Correlation ratio ) R
Dimension 2 0.0248 0.0413
Items Di ion 1| Di ion 2 | Di ion 1| Di jon 2
Type of cavity 0.1745 0.1089 0.1810 | 0.1071
Sum of internal diameter of cavities 0.0938 0.0972 0.0960 0.0951
Amount of tubercle bacilli in sputum 0.1619 0.0787 0.1752 0.0731
 Frequency of bacilli in previous
sputum examination 0.2047 0.0085 0.1971 0.0035
Partical Number of susceptible drugs added 0.3738 0.0326 0.1710 0.1277
correlation Kind of anti-tuberculosis drug 0.1229 0.0297
coefficient
Combination with KM l i 0.0370 | 0.0121
Combination with TH : 0.1497 | 0.0411
Combination with CS ; . 0.0871 | 0.0132
Combination with EB ’ | 0.1650 0.0060
| Combination with other drug | 0.0807 0.0437

Fig. Frequency Distributions of the Cases along Dimension 1 and
Dimension 2, and Mean Values of 3 Groups
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Table 2. Frequency Distribution of Negative Converted Group, Susceptible Group
and Resistant Group along Dimension 1 and Dimension 2
0.0279 Negative converted group
3 3 1
1 1 2 3 2 1 2
1 1 3 5 6 8 4 2 2
4 4 11 16 11 11 5
Dimension 2 1 | | 4 5 4 | 23 | 3 a 12 1
1 2 5 13 17 6 8 1
1 1 4 5 7 10 6 3
1 4 3 7 3 3
1 1 3 3
—0.0162 ! ! ! ! !
—0.0524 Dimension 1 0.0415
0.0279 Susceptible group
1 3 1 1
2 4 2 3 1
1 2 4 5 3 3 2 1
3 3 7 6 6
Dimension 2 2 5 5 3 1 7 5 2 3
2 1 3 3 3 2 1
2 3 1
1 2 |
1
—0.0162
—0.0524 Dimension 1 0.0415
0.0279 Resistant group
1 2 ‘
1 2 2 2 8 1
1 5 6 6 4 4 1 1 |
2 8 4 7 4 5 2 1
Dimension 2 9 7 13 7 7 8 8 2
2 6 10 6 6 4 3 1 1
10 15 6 11 6 5 5
1 2 1 4
2
—0.0162
—0.0524 Dimension 1 0.0415
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Table 3. Category Score (Dimension 1)

Item Category score x 10?

. Cavity not present Ka Kb Kc Kd Kx Ky Kz
Type of cavity 0 ~5.5 —9.6 —10.8 —34.4 —14.4 —23.0 —19.9
Sum of internal diameter of 0~39 mm 40~79 mm 80 mm~
cavities 0 0.1 -6.0
Amount of tubercle bacilli in (+) (4) of more
sputum 0 -12.5

Frequency of positive culture
in previous sputum

Positive but not throughout 4 month
0

Positive throughout 4 month

™"
—av.

examination

. . . KM TH CS EB
Kind of antituberculosis drug 0 13.0 14 14.6
Number of susceptible drugs None 1 2

added 0 17.6 17.3
Combination with KM Not coanbinated Combzinzted
Combination with TH Not coanbinated Com})singted
Combination with CS Not co(;nbinated Combinated
Combination with EB ‘ Not co(;nbinated Com}>7in:81ted
| .
Combination other drug | Not co(;nbinated Com}gn;ted
Table 4. Sum of Category Scores Concerning Regimen (Dimension 1)
Sum of category scores x 103
KM 0 CS-TH 34.0 EB-TH 47.2
TH 13.0 CS-EB 36.8 EB-CS 41.0
e 1.4 KM-TH.CS 411 TH-KM-CS 415
EB 14.6 KM-TH-EB 50.4 TH-KM-EB 50.5
KM-TH 32.5 TH-KM 33.0 KM-EB.CS 43.9 TH-CS-EB 56.9
KM-CS 26.3 TH-CS 39.4 CS-KM-TH 36.1 EB-KM.-TH 49.3
KM-EB 35.3 TH-EB 48.4 CS-KM-EB 38.9 EB-KM-CS 43.1
CS-KM 21.4 EB-KM 34.6 CS-TH-EB 51.5 EB-TH-CS 55.7
Table 5. Ratio of Negative Converted, Susceptible and Resistant Groups According to the
Sample Score of the Cases (Dimension 1)

Sample score x10? No of cases Negati;: oflcg:verted Susceptible group Resistant group
—52.1 —20.9 158 14 (8.9) 28 (17.7) 116 (73-4)
—18.5 —8.9 119 37 (31.1) 30 (25.2) 52 (43.7)

—6.5 —10.3 239 136 (56.9) 43 (18.0) 60 (25.1)

12.7 41.5 178 145 (81.4) 21 (11.8) 12 (6.7)
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Table 6. Category Score (Dimension 2)

Item Category score x 103

; Cavity not present Ka Kb Kc Kd Kx Ky Kz
Type of cavity TP 1001 158 128 19.6 17.7 19.2 19.9
Sum of internal diameter of 0~39 mm 40~79 mm 80 mm~
cavities 0 2.4 -5.9
Amount of tubercle bacilli in (+) (4#) of more
sputum 0 —6.2

Frequency of positive culture
in previous sputum
examination

Positive but not throughout 4 month Positive through%ut 4 month
0

Kind of antituberculosis drug Klg __g% _%?5 Esz
Number of susceptible drug None 1 2
added 0 3.1 1.1
Combination with KM Not co(;nbinated Comb(i)r.\gtcd
Combination with TH Not combinated Combinated
Combination with CS Not co(;n binated Con"n_blm Gated
Combination with EB Not co&-nbinated Comb(i)fxgted
Combination other drug Not co(;n binated Com_b;x-lgted
Table 7. Sum of Category Scores Concerning Regimen (Dimension 2)
Sum of category scores x 103
KM 0 CS-TH —10.2 EB-TH 1.5
TH —8.9 CS-EB —6.1 EB-CS 3.7
gi —Z'Z KM.TH.CS —4.3 TH-KM-CS —8.8
’ KM-TH-EB —2.4 TH-KM-EB —6.9
KM-TH —-0.7 TH-KM —5.2 KM-EB-CS —-0.2 TH-CS-EB -9.1
KM-CS 1.5 TH-CS —-7.4 CS-KM.-TH -11.6 EB-KM-TH 0.1
KM -EB 3.4 TH-EB —-5.5 CS-KM-EB -7.5 EB-KM-.CS 2.2
CS-KM —5.8 EB-KM 5.9 CS-TH-EB -—11.9 EB-TH-CS —-2.1
Table 8. Ratio of Negative Converted, Susceptible and Resistant Groups According to the
Sample Score of the Cases (Dimension 2)
Sample score x 103 No of cases Negativgergzgverted Susceptible group Resistant group
-16.2 1.9 168 85 (50.6) 11 (6.5 72 (42.9)
3.1 14.4 396 196 (49.5) 72 (18.2) 128 (32.3)
15.5 27.9 130 51 (39.2) 39 (30.0) 40 (30.8)
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