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To evaluate the changes of the susceptibilities of Staphylococcus aureus
and Escherichia coli clinical isolates over a four-year period from 1965 through
1968, we have conducted a series of studies. Results from these studies were
used to assess the changes of bacterial sensitivities within groups of bacteria
classified according to minimal inhibitory concentrations (MIC) values or
having high sensitivity, intermediate sensitivity, or low sensitivity. We were
able to compare changes in antibiotic activities more accurately by this
technique than by our previous method of comparison of the averages of the
MIC values only.

For more than a decade, several investigators have performed studies on sen-
sitivities of various pathogenic bacteria to antibiotics and chemotherapeutic agents
used in Japan. Results of several long-term studies, including the first extensive

investigation by the National Hospital Research Group on pathogenic staphylococci,
headed by Kosakai1}, are published. The work by the Resistant Staphylococci
Research Group, headed by Ichikawa2), has continued since 1961. Each of these

many studies has had a different purpose of its own ; therefore, as one manufacturer
of antibiotics, we have not been fully satisfied with the results reported. For
example, the data shown in Fig. 1 summarizes the results on the resistance of
staphylococci to erythromycin as reported in Japanese scientic journals3) between
1955 and 1965. The general trend of a gradual increases in the rate of resistant

strains is evident ; however, there is a marked fluctuation among individual tests caused

b

y differences in methods of sampling, testing, etc.
To more accurately evaluate the trends of bacterial resistance to antibiotics, we

have conducted a series of studies since 1964 by a different procedure that is described
below. Bacterial isolates have been collected twice yearly (Nov.~May and June-
Oct.) from central clinical laboratories throughout Japan. Nine studies have been
completed so far to October 1969. Because data from the first study (Nov.~May

1964) were not obtained with uniform methods or drugs, our present report includes
results obtained on staphylococcal and Escherichia coli isolates from the eight subse-
quent studies.
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Fig. 1. Erythromycin-resistant staphylococoi reported in journals between 1955~1966.
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One block in the figure is related to one paper. The height of the blocks on the
zero line shows percentage of resistant strains reported in the papers cited. The
blocks extending below the zero line, without regard to its length, means no
resistant strain.

I. Design of Investigation

1. Objective

Our objective was to investigate the annual trends of bacterial resistance to
antibiotics and sulfonamides frequently used in hospitals.

2. Methods
(1) Bacterial isolates and hospitals were selected by a statistical sampling method.
(2) Bacterial isolates were sampled in the central clinical laboratories or other

equivalent laboratories of hospitals.
(3) Testing method

1) Identification of isolate.
2) Isolated strains were propagated in a modified Muller-Hinton's broth medium

(37°C, 18 hours).

3) A loopful from each culture was suspended in 5 ml of saline with a 1 mm
standard platinum loop.

4) Culture Media: Modified Muller-Hinton's medium was mainly used except
for the sulfanimide testing E. coli isolates where Sauton medium was employed.

Drug-sensitivity tests were performed with the two-fold agar-dilution
method with the same media.

1 mm platinum loop. Agar streak method, (about 10* cells, 37°C, 18 hours)
Muller-Hinton Medium (Modified)

L-Cystine 0.05 g

Biotin 5.0 ug

Agar 15.0 g

200.0 ml

16.5 g

1.5g

2.0g

0.05 g

Aq. Dest

Beef Heart Infusion
Casamino Acids
Starch
Glucose
L-Tryptophan

Inoculum About 3-4x l66 cells, 37°C, 18 hours.
Sauton Medium (Modified) Kruger-thimer

Asparagine 4.0 g
KH2PO4 0.5 g

Citric Acid 2.0 g
MgSO4-7H2O 0.5 g

1,000.0 g

(pH 7.4+0.1)

Ferric ammonium citrate 0.05 g
Glycerol 20.0 ml

A

q. Dest 1,000.0 ml

(pH 7.0)
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Fig. 2. Result of tests on control strains.
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5) For the control, standard strains S. aureus FDA 209-P and E. coll Mutaflor
(Kruger)4) were used. The results with these strains are shown in Fig. 2.

3. Ghemotherapeutic agents tested

S

. aureus:
Erythromycin (EM), Penicillin G (PG-G), Streptomycin (SM),
Ghloramphenicol (GP), Tetracycline (TG), Kanamycin (KM),
Gephalothin (GET), Cephaloridine (CER), Sulfisomezole (SIZ).
Aminobenzyl-penicillin (AB-PG)

E. colt:
GP, TG, SM, KM, GET, GER, SIZ, AB-PG

4. Period of study: June 1965-May 1969

5. Items for analysis
(1) Results of sampling

(2) Changes : (a) General tendency, (b) Multiple drug resistance
(3) Grouping by districts (7)
(4) Grouping by the size of hospitals (expressed in number of beds)
(5) Grouping by inpatients and outpatients

(6) Grouping by the age
(7) Grouping by the sources of strains

II. Sampling

Hospitals from which bacterial isolates were collected: Among the general
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hospitals equipped with central clinical laboratories, 10 % of the larger hospitals were

selected in each prefecture.

III. Results of sampling

1. Districts, sampling hospitals and number of strains (Tables 1, 2 and 3).
2. Correlation analysis of the results of sampling (Table 4).
The correlation analysis of the factors involved have made possible the assump-

tion of the drug sensitivities of the isolates submitted to central clinical laboratories

of the hospitals in Japan.

Table 1.å 

D is tr ict
P op u la tio n

(0 0 0 )

N o. o f s tr a in s

s . a u r e u s  E. co li T o ta l

I C h ib a , T o k y o , K a n a g a w a 1 8 , 7 1 0 5 6 8 6 0 1 , 2 0 5 7 5 3 1 , 9 5 8

K y o t o , S h ig a , O s a k a , H y o g o ,Nara, Wakayama 1 6 , 4 9 8 5 9 4 6 2 7 7 6 4 8 9 1 , 2 6 5

Hokkaido, Aomori, Iwate, Miyagi,111 Akita, Yamagata, Fukushima

F G ifu , S h iz u o k a , A ic h i, M ie

1 4, 7 5 1 3 4 0 5 0 5 1 2 2 5 7 7 6 9

l l , 4 3 3 2 7 4 4 5 6 2 2 3 2 0 9 4 2

T o tto r i, S h im a n e , O k a y a m a ,

V H ir o sh im a , Y a m a g-u c h i, T o k u sh im a ,
K a g-a w a , E h im e , K oc h i

Fukuoka, Saga, Nagasaki, Kumamoto,oita, Miyazaki, Kagoshima

l l , 1 8 8 3 2 4 2 7 3 2 2 1 6 9 4 9 1

1 2 , 7 7 0 2 4 6 3 7 4 1 5 2 9 8 7 1 3

Ib a r a g i, T o c h ig i, G u m m a , S a ita m a ,

W T o y a m a , N iig a ta , I sh ik a w a , F u k u i,
Y a m a n a sh i, N a g o y a

1 6 , 6 3 9 2 9 3 6 4 6 2 2 4 1 0 1 , 0 3 2

T o ta l         1 0 1 , 9 8 9  2 ,6 3 9  3 45  4 ,4 7 4 2 , 6 9 6 7 , 1 7 0

T a b l e  2 .  N u m b e r s  o f  S ta p h y l o c o c c u s  a u r e u s  ( C o a g u l a s e  p o s i t iv e )  s t r a in s

c la s s i fi e d  b y  y e a r s  a n d  s o u r c e s .  ( P e r i o d :  J u n e  1 9 6 5 ~ M a y  1 9 6 9 )

S p e c i m e n

1 9 6 5 1 9 6 6 1 9 6 7 1 9 6 8 T o t a l

N o . o fs t r a in s N o . o f st r a in s N o . o f s tr a i n s N o . o f s t ra i n s N o . o f s t ra i n s

P u s 7 0 7 7 1 . 2 6 7 1 7 1 . 3 8 2 7 6 7 . 4 7 3 3 7 1. 1 2 ,  9 3 8 7 0 . 1

P h a r y n g e a l  m u c u s 1 0 1 1 0 . 2 9 0 9 . 6 1 5 1 1 2 . 3 I l l 1 0 . 8 4 5 3 1 0 . 8

S p u t u m 8 0 8 . 0 6 3 6 . 7 9 2 7 . 5 1 1 3 1 0 . 9 3 4 8 8 . 3

U r i n e 5 8 5 . 8 6 6 7 . 0 8 9 7 . 2 2 7 2 . 6 2 4 0 5 . 7

F e c e s 4 0 . 4 2 0 . 2 1 4 1 . 1 8 0 . 8 2 8 0 . 7

B l o o d l l 1 . 1 1 2 1 . 3 8 0 . 7 7 0 . 7 3 8 0 . 9

S p in a l  fl u i d 6 0 . 6 2 0 . 2 7 0 . 6 4 0 . 4 1 9 0 . 5

P u n c t a t e 4 0 . 4 8 0 . 8 8 0 . 7 2 0 . 2 2 2 0 . 5

A s c it e s

T h o r a c i c  fl u i d

2

7

0 . 2

0 . 7 7 0 . 7 5 0 . 4 4 0 . 4

2

2 3 0 . 5

B i l e 4 0 . 4 2 0 . 2 8 0 . 7 8 0 . 8 2 2 0 . 5

J o i n t  fl u id 1 0 . 1 4 0 . 4 3 0 . 2 3

l l

0 . 3

1 . 0

l l 0 . 3

W a s h o u t  l i q u i d 2 0 . 2 1 0 . 1 1 0 . 2 4 0 . 1

S k i n  p i e c e 3 0 . 3 1 0 . 1

1 3 1 . 1

4 0 . 1

O t h e r s 4 0 . 4 1 3 1 . 4 4 1 1 . 0

T o t a l        I  9 9 4  ; 1 0 0 . 0  9 4 2  ¥ 1 0 0 . 0  1 , 2 2 6  | 1 0 0 . 0  1 , 0 3 1 4 , 1 9 3  1 0 0 . 0
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Table 3. N u m bers of E scherichia coli stra in s cla ssifi ed by

yea rs an d sources. (P eriod : Jun e 1965~ M ay 1969)

Specim en
1965 ����������������������������������������������������������������������������������������������

N o. ofstrains

P us 48 12. 1 71 12. 8 92 ll. 8 75 9.2 286 ll. 3

P hary n geal m u cu s ll 2. 8 5 0. 9 13 1. 7 13 1. 6 42 1. 7

Sp utu m 5 1. 2 6 1. 1 12 1. 5 22 2.7 45 1. 8

U rin e 262 66. 1 374 67. 6 543 70. 0 619 76. 11, 798 70. 8

F eces 37 9. 3 67 12. 1 75 9. 7 46 5.6 225 8.9

B lood 2

1

0.5

0. 3

1 0. 2 6 0. 8 2 0 .2 l l 0 .4

Sp in al fl uid

P un ctate

A scites

1

1

0. 2

0.2

1

2

0. 1

0.3

3

1

2

26

0.4

0.1

0 .2

3.2

5

1

6

0.2

0. 2:
T h oracic flu id 1 0. 3 1 0. 2 1 0. 1 3 0 .1

B ile

Join t fl uid

W ashou t liq u id

Sk in p iece

O th ers

22 5. 6 22 4. 0 20

ll

2. 6

1. 4

90 3.5

1 0. 3 1 0. 2 1 0.1 3 0 .1

6 1. 5 3 0. 5 5 0.6 25 1 .0

T otal             3 96
100, d 553 100蝣4 776 100 .( 815

2,540 100 .0

I t e m s    L e v e l  o f s i g n i f i cance

B C D E P = 0.01

A C D E If
A B D E It
A B C E //

A B C D tf

(Remarks)
A : Population
B : Total number of hospitals
C : Number of sampling hospitals
D : Number of 5. aureus strains
E : Number of E. coli strains

Table 4. Multiple correlation
IV. Results of Annual Investigations coefficients for the items

^-f ná"~ <2AMO;+;*r;+;Aa shown in Table 1.
V»A X71Ug pClliSltlTltlCiS

1. Methods
In comparing the data of annual investigations

of bacterial drug sensitivities, we compared the
average values of the M. I. G. of the total isolates

studied as we have reported previously5). This
comparison was made on the assumption that the
levels of sensitivities of the isolates to each drugs
give a normal distribution curve, but it has been

found that this assumption does not fit all the drugs used. We have, therefore, classi-
fied the bacterial isolates into groups of high sensitivity, intermediate sensitivity and

low sensitivity according to their M.I.C. values in the present investigation. Annual
changes of the bacterial drug sensitivities were compared statistically in terms of the
frequencies of these three groups. The bacteria studied were those isolated from
various specimens. The results are reported below for each drug.

2. Staphylococcus aureus
(1) Penicillin-G

5. aureus cultures of moderate susceptibility to penicillin were isolated less-
frequently in 1968 than in 1965. The isolates seem to be more commonly either
highly susceptible or highly resistant to the antibiotic. A decrease in isolation
of cultures placed in the high sensitivity group occurred in 1966 compared with
1965, whereas an increase was observed for isolates in the low sensitivity group.
An increase only of cultures in the low sensitivity group was noted between
1966 and 1967. Between 1967 and 1968, isolates in the high sensitivity group
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increased and cultures in the intermediate sensitivity group decreased. Thus
a marked increase in numbers of cultures isolated in the low sensitivity group
occurred between 1965 and 1968.
M. I. C. u /m l    N u m b e r o f st ra in s         P e rc e n ta g e

'6 5 '6 6 '6 7 '6 8      '6 5  '6 6  '6 7  '6 8

0 . 0 1 2 5 -  1 .5 6     6 2 4 4 8 3 5 9 2 5 6 3     5 8. 8 1  8. 5 4 4 5. 2 3 5 2 . 3 7

3. 1 3    1 2. 5     3 0 1 2 8 9 3 6 7 2 0 1     2 8. 3 7 2 9 . 0 5 2 8. 0 4 1 8 . 7 0

2 5. 0 ~ > 1 0 0      1 3 6 2 2 3 3 5 0 3 11     1 2. 8 2 2 2. 4 1 2 6. 7 4 2 8. 9 3

'6 5 - '6 6 '6 5 - '6 7 '6 5 - '6 8   '6 6 - '6 7 '6 6 - '6 8 '6 7 - '6 8

0. 0 1 2 5 ~  1. 5 6

3. 1 5    1 2. 5   -

2 5. 0 ~ > 1 0 0

Note: ** P = 0.01  * P = 0.05  �" P = 0.1  - n o sign ifi c a n c e

(2) Streptomycin
High-sensitivity group decreased between 1965 and 1966, while a remarkable

increase in intermediate-sensitivity group took place in this period.
Almost no change was found in any group between 1966 and 1967, whereas

a slight increase in high-sensitivity group and a decrease in intermediate-sensiti-
vity group were observed between 1967 and 1968. As a result, a profound
decrease in high-sensitivity group and a marked increase in intermediate-sensi-

tivity group occurred between 1965 and 1968. Highly resistant group with M.I.G.
above 100 ^g/ml somewhat decreased in this period.

M . I . C .  / i g 7 m l N u m b e r  o f  s t r a i n s P e r c e n t a g e

' 6 5  ' 6 6  ' 6 7  ' 6 8 ' 6 5    6 6    ' 6 7    ' 6 8

0 .  0 1 2 5 - 3 .  1 3 6 0 2  4 1 4  5 7 8  5 2 6 5 7 . 3 9  4 1 . 1 9  4 3 . 9 2  4 8 . 9 3

6 . 2 5  - 1 2 . 5 1 0 4  2 5 7  3 3 3  2 1 9 9 . 9 1  2 5 . 5 7  2 5 . 3 0  2 0 . 3 7

2 5 . 0  - 1 0 0 . 0 1 2 0  1 4 7  1 5 4  1 4 5 l l . 4 4  1 4 . 6 3  l l . 7 0  1 3 . 4 9

> 1 0 0 2 2 3  1 8 7  2 5 1  1 8 5 2 1 . 2 6  1 8 . 6 1  1 9 . 0 7  1 7 . 2 1

' 6 5 - ' 6 6  ' 6 5 - ' 6 7  ' 6 5 - ' 6 8 ' 6 6 ~ ' 6 7  ' 6 6 ~ '6 8  ' 6 7 ~ ' 6 8

0 .  0 1 2 5 - 3 .  1 3 # *        * *        * # * *          *

6 . 2 5  - 1 2 . 5 * *        * *        * * * *         * *

2 5 . 0  - 1 0 0 . 0 * *

> 1 0 0 *

(3) Ghloramphenicol
High-sensitivity group showed some increase between 1965 and 1966, but both

intermediate-sensitivity group and low-sensitivity group decreased in this period.

These was no change in the frequencies of the three groups between 1966 and
1967. Between 1967 and 1968, high-sensitivity group decreased and intermediate-

sensitivity group increased considerably, whereas low-sensitivity group did not
show a change. Both high-sensitivity group and low-sensitivity group decreased
between 1965 and 1968, while intermediate-sensitivity group exhibited a remarka-

ble increase in this period.
M . I. C .  fx g lm l N u m b e r  o f  s t r a i n s P e r c e n t a g e

'6 5  '6 6  '6 7  '6 8 '6 5   '6 6   '6 7   '6 8

0 . 0 1 2 5 -  3 . 1 3 7 0 0  7 0 0  9 0 4  5 9 2 6 5 . 7 9  7 0 . 2 1  6 8 . 6 9  5 5 . 0 7

6 . 2 5     1 2 . 5 2 0 1  1 6 1  2 3 5  3 5 6 1 8 . 8 9  1 6 . 1 5  1 7 . 8 6  3 3 . 1 2

2 5 . 0  ~ > 1 0 0 1 6 3  1 3 6  1 7 7  1 2 7 1 5 . 3 2  1 3 . 6 4  1 3 . 4 5  l l . 8 1
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'65-'66 '65~'67 '65~'68 '66~'67 '66~'68 '67~'68

0.0125- 3.13 * - ** -: .** **

6.25 ~ 12.5 - - ** - ** **

25.0 ~^100 __ __ * _ __ _

(4) Tetracycline
A considerable increase in high-sensitivity group and a decrease in both

intermediate-sensitivity group and low-sensitivity group were noted between
1965 and 1966. Almost no change was observed in the frequencies of the three
groups between 1967 and 1968. An idential tendency was found also between
1967 and 1968. Thus a marked increase in high-sensitivity group and a decrease
in both intermediate-sensitivity group and low-sensitivity group were observed
between 1965 and 1968.

M . I. C . fig lm l N u m b e r o f s tra in s P e rc e n ta g e

'6 5 '6 6 '6 7 '6 8 '6 5  '6 6  '6 7  '6 8

0 . 0 1 2 5 -  1. 5 6 5 2 9 6 0 4 7 9 2 6 5 1 4 9. 9 5 6 0. 1 0 6 0 . 6 4 6 0. 5 6

3 . 1 3    1 2. 5 6 4  1 8  l l  10 6. 0 4  1 . 7 9  0 . 8 4  0 . 9 3

2 5 . 0 ~ > 10 0 4 6 6 3 83 5 0 3 4 1 4 4 4 .0 0 3 8 . l l 3 8 . 5 1 3 8. 5 1

'6 5 - '6 6 '6 5 - '6 7 '65 - '6 8 S 6 7 '6 6 - '6 8 '6 7 ~ '6 8

0. 0 1 2 5 -  1. 5 6 # *       * *       # #

3. 1 3    1 2. 5 * *       * *       * * *         �"

25. 0 ~ > 1 0 0 * *      * *      # *

(5) Erythromycin
A decrease in high-sensitivity group and an increase in low-sensitivity group

occurred between 1965 and 1966. Intermediate-sensitivity group decreased and
low-sensitivity group increased between 1966 and 1967. An increase in low-

sensitivity group was found between 1967 and 1968 but no change was observed
in the other groups in this period. Consequently, a marked decrease in high-
sensitivity group and a decrease in intermediate-sensitivity group occurred be-

tween 1965 and 1968 resulting in a remarkable increase in low-sensitivity group.
M.I. C. ^g/ml Number of strains Percentage

'65 '66 '67 '68 '65 '66 '67 '68

0.0125- 1.56 819 726 907 714 76.90 72.24 69.24 66.42

3.13 ~ 12.5 56 52 34 23 5.26 5.17 2.60 2.14

25.0 ~^100 190 227 369 338 17.84 22.59 28.17 31.44

'65~'66 '65~'67 '65~'68 '66~'67 '66-'68 '67~'68

0.0125- 1.56 * ** ** ' - ** -

3.13 ~ 12.5 - ** ** ** ** -

25.0 ~^>100 ** ** #* ** **

(6) Kanamycin
High-sensitivity group decreased considerably between 1965 and 1966, and

intermediate-sensitivity group and low-sensitivity group increased in this period.
There was almost no change in any group between 1966 and 1967 and between
1967 and 1968. Consequently, a considerable decrease in high-sensitivity group

and a remarkable increase in intermediate-sensitivity group were observed be-
tween 1965 and 1968. An increase in intermediate-sensitivity group was also
found in this period.
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M '.I. C . fig lm l N u m b er o f s tr a in s P e r c e n ta g e

'6 5 '6 6 '6 7 '6 8 '6 5  '6 6  '6 7

0 . 0 12 5 ~  1. 5 6 8 6 9 6 7 6 6 7 0 5 7 2 8 2. 8 4  6 8. 1 5  5 1. 1 5 5 3. 2 6

3 . 1 3     1 2. 5 14 4 2 4 4 5 4 6 4 2 8 13.73 24.60 41. 6 8 3 9. 8 5

2 5 . 0 ~ > 1 0 0 3 6  7 2  9 4  7 4 3. 4 3  7. 2 6  7. 1 8  6. 8 9

'6 5 ~ '6 6 '6 5 - '6 7 '6 5 - '6 8 '6 6 - '6 7 '6 6 ~ '6 8 '6 7 - '6 8

0. 0 1 2 5 -  1. 5 6 * *       * *       * * * *       * *

3 . 1 3     1 2. 5 * *       * *       * * * *        * *

2 5 .0 ~ > 1 0 0 * *       * *       * *

(7) Gephalothin
Only high-sensitivity group was

observed from 1965 through 1968.
found to this drug and no change was

M . I .C . fx g lm l N u m b e r o f s tra in s P e rc e n ta g e

'6 5 '6 6 J6 7 '6 8 '6 5  '6 6  '67  '6 8

0 . 0 12 5 -  0. 7 8 5 4 3 9 9 2 1 2 9 4 1 0 7 3 9 9. 8 2  9 9. 6 0 9 9. 3 1 9 9. 8 1

1 . 56     1 2. 5 1   4  9  2 0 . 1 8  0 . 4 2  0 .6 9  0 .1 9

2 5 . 0 ~ > 10 0 0  0  0  0 0. 0 0  0. 0 0  0. 0 0  0. 0 0

'6 5 ~ '6 6 '6 5 - '6 7 '6 5 - '6 8 '6 6 - '6 7 '6 6 - '6 8 '6 7 - '6 8

0 . 0 1 2 5 ~  0. 7 8

1. 5 6    1 2. 5

2 5. 0 ~ > 1 0 0

(8) Gephaloridine
Only high-sensitivity group was found also to this drug and no change was

observed from 1965 through 1968.
M . I . C .  fi g lm l N u m b e r  o f  s t r a in s P e r c e n t a g e

'6 5  '6 6  '6 7  '6 8 '6 5    '6 6    '6 7    '6 8

0 . 0 1 2 5 -  0 . 7 8 5 4 5  9 9 4  1 2 9 7  1 0 7 5 1 0 0 . 0 0  9 9 . 8 0  9 9 . 6 9  1 0 0 . 0 0

1 . 5 6     1 2 . 5 0   2   4   0 0 . 0 0   0 . 2 0   0 . 3 1   0 . 0 0

2 5 . 0  ~ > 1 0 0 0   0   0   0 0 . 0 0   0 . 0 0   0 . 0 0   0 . 0 0

'6 5 - '6 6  '6 5 - '6 7  '6 5 - '6 8 ' 6 6 ~ '6 7  '6 6 ~ '6 8  '6 7 ~ '6 8

0 . 0 1 2 5 -  0 . 7 8

1 . 5 6     1 2 . 5

2 5 . 0  ~ > 1 0 0

(9) Aminobenzyl-penicillin
No change was found in the frequencies of the three groups between 1967

and1968.
M . I.C . fig lm l N u m b e r o f s tra in s P e r ce n ta g e

'6 5 '6 6 f6 7 '6 8 '6 5  '6 6  '6 7  '6 8

0. 0 1 2 5 - 1 . 5 6 0 2 0 0 5 3 3 0 . 0 0   0 .0 0 4 8. 19 4 9. 6 7

3. 1 3    1 2. 5 0 1 1 0 2 7 5 0 . 0 0   0 . 0 0 2 6. 5 1 2 5. 6 3

2 5. 0 ~ > 1 0 0 0  0 1 0 5 2 6 5 0 .0 0   0 . 0 0 2 5. 3 0 2 4. 7 0

'6 5 ~ 6 6 ' '6 5 ~ '6 7 '6 5 - '6 8 '6 6 - '67 '6 6 - '6 8 '6 7 - '6 8

0. 0 1 2 5 -  1. 5 6

3. 1 3    1 2. 5

2 5. 0 ~ > 1 0 0

3. Esckerichia coli
(1) Chloramphenicol

Between 1965 and 1966, high-sensitivity group decreased markedly and inter-
mediate-sensitivity group increased considerably, whereas no change was found
in the frequency of low-sensitivity group, A slight decrease was observed in
intermediate-sensitivity group between 1966 and 1967. Thus a remarkable



332 THE JOURNAL OF ANTIBIOTICS JULY I97O

decrease in high-sensitivity group and a moderate increase in intermediate-
sensitivity group took place between 1965 and 1968, while no change was found

in low-sensitivity group in this period.
M . I . C .  ju g /m l N u m b e r  o f  s t r a i n s P e r c e n t a g e

6 5  '6 6  '6 7  '6 8 '6 5   ' 6 6   '6 7   '6 8

0 . 0 1 2 5 -  3 . 1 3 8 1   5 3   9 2  1 0 3 1 9 . 2 4   8 . 6 2  l l . 3 7  1 2 . 2 0

6 . 2 5     1 2 . 5 1 4 9  2 9 5  3 3 6  3 5 4 3 5 . 3 9  4 7 . 9 7  4 1 . 5 3  4 1 . 9 4

2 5 . 0  ~ > 1 0 0 1 9 1  2 6 7  3 8 1  3 8 7 4 5 . 3 7  4 3 . 4 1  4 7 . 1 0  4 5 . 8 5

'6 5 ~ '6 6  ' 6 5 ~ '6 7  '6 5 - '6 8 ' 6 6 ~ '6 7  '6 6 - '6 8  '6 7 - '6 8

0 .  0 1 2 5 -   3 .  1 3 * *        * *       * * *

6 . 2 5     1 2 . 5 * *         *         * *          *

25.0 ~^100 _ __ __ __ ____

(2) Cephaloridine
A decrease in high-sensitivity group and a considerable increase in inter-

mediate-sensitivity group occurred between 1966 and 1967. A similar tendency
was observed also between 1967 and 1968 ; high-sensitivity group decreased and
intermediate-sensitivity group increased. Accordingly, a marked decrease in

high-sensitivity group was accompanied by a profound increase in intermediate-
sensitivity group between 1966 and 1968. There was some increase in low-
sensitivity group in this period.

M . I . C .  / i g / m l N u m b e r  o f  s t r a i n s P e r c e n t a g e

' 6 5  ' 6 6  ' 6 7  ' 6 8 ' 6 5   ' 6 6   ' 6 7   ' 6 8

0 . 0 1 2 5 -  1 . 5 6 1 2  3 6 0  4 0 3  3 7 0 8 0 . 0 0  5 9 . 4 1  5 0 . 1 2  4 3 . 8 4

3 . 1 3     1 2 . 5 3  2 2 8  3 7 5  4 3 3 2 0 . 0 0  3 7 . 6 2  4 6 . 6 4  5 1 . 3 0

2 5 . 0  ~ > 1 0 0 0   1 8   2 8   4 1 0 . 0 0   2 . 9 7   3 . 2 3   4 . 8 6

' 6 5 ~ ' 6 6  ' 6 5 ~ ' 6 7  ' 6 5 - ' 6 8 ' 6 6 - ' 6 7  ' 6 6 ~ ' 6 8  ' 6 7 - ' 6 8

0 .  0 1 2 5 -   1 .  5 6 *        * * * *         * *          *

3 . 1 3     1 2 . 5 *         * jk *         * *          .

25.0 ~^100 - - - -

(3) Gephalothin
There were some increase in high-sensitivity group, a great increase in inter-

mediate-sensitivity group and a marked decrease in low-sensitivity group between

1965 and 1966. Intermediate-sensitivity group decreased and low-sensitivity group

increased between 1966 and 1967. A slight increase in high-sensitivity group

and a slight decrease in low-sensitivity group were found between 1967 and 1968.

Consequently, a tendency of increase in high-sensitivity group and decrease in

low-sensitivity group was observed between 1965 and 1968.
M . I. C . u g lm l N u m b e r o f s tra in s P er c e n ta g e

'6 5 '6 6 '6 7 '6 8 '6 5  '6 6  '6 7  '6 8

0 . 0 1 2 5 ~  1. 5 6 1 0  l l  2 3 0 . 3 2   1. 6 6  1. 3 6  2. 7 3

3. 1 3    1 2. 5 2 4 9 5 1 5 6 3 6 6 8 4 8 0 . 0 6  8 5. 6 9 6 8. 8 1 8 1. 0 4

2 5 . 0 ~ > 1 0 0 6 1  7 6 1 6 0 1 3 7 1 9. 6 1 1 2. 6 5  1 9. 8 3 1 6. 2 3

'6 5 ~ '6 6 '6 5 - '6 7 '6 5 - '6 8 'S & ~ '6 7 '6 6 ~ '6 8 '6 7 ~ '6 8

0. 0 1 2 5 -  1. 5 6 -       * *

3 . 1 3     1 2. 5 * * *         *

2 5. 0 ~ > 1 0 0 * # * *

(4) Kanamycin
Intermediate-sensitivity group decreased between 1965 and 1966, and high-

sentitivity group and low-sensitivity group increased in this period.
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High-sensitivity group further increased between 1966 and 1967. High-sensi-
tivity group decreased between 1967 and 1968 and low-sensitivity group showed

a tendency of increase in this period. Thus a decrease in intermediate-sensiti-
vity group and an increase in both high-sensitivity group and low-sensitivity

group were observed between 1966 and 1968.
M . I .C . # g /m l N u m b e r o f s tr a in s P e r ce n ta g e

'6 5 '6 6 '6 7 '6 8 '6 5  '6 6  '6 7  '6 8

0. 0 1 2 5 ~ 1 .5 6 0  2 3  5 4  3 2 0 . 0 0  3. 7 5  6. 6 9  3 .7 9

3. 1 3    1 2. 5 1 1 5 5 6 5 7 2 0 7 6 2 9 9. 1 4 9 1. 6 9 8 9. 2 2 9 0 . 2 8

2 5. 0 ~ > 1 0 0 2 8  3 3  5 0 0. 8 6 4 . 5 6 4 . 0 9 5 . 9 2

'6 5 ~ '6 6 '6 5 - '6 7 '6 5 - '6 8 '6 6 ~ '6 7 '6 6 ~ '6 8 '6 7 ~ '6 8

0. 0 1 2 5 ~ 1 .5 6 *       * *       * *      -      * *

3. 1 3    1 2. 5 * *      * *       * *

2 5. 0 - > 1 0 0 #        .       * *

(5) Streptomycin
A slight decrease in high-sensitivity group and some increase in intermediate-

sensitivity group were found between 1965 and 1966. Both high-sensitivity group

and intermediate-sensitivity group decreased and low-sensitivity group increased

between 1966 and 1967. A decrease in intermediate-sensitivity group and an

increase in high-sensitivity group took place between 1967 and 1968. The overall

tendency between 1965 and 1968 was that almost no change occurred in this

period.
M. I. C. jug/ml Number of strains Percentage

'6 5 '6 6 '6 7 '6 8 '6 5  '6 6  '6 7  '6 8

0 . 0 1 2 5 - 3 . 1 3 9 5 1 3 7 1 3 9 2 3 1 2 7 . 9 4  2 2. 9 1 1 7 . 1 8 2 7 . 3 7

6 . 2 5  - 1 2. 5 5 7 1 3 2 1 6 5 1 1 5 1 6 . 7 6  2 2 . 0 7 2 0. 4 0 1 3 . 6 3

25. 0  - 1 0 0 1 0 7 1 6 1 2 8 6 2 8 0 3 1 . 4 7  2 6. 9 2 3 5 . 3 5 3 3 . 1 8

> 1 0 0 8 1 1 6 8 2 1 9 2 1 8 2 3 . 8 2  2 8. 0 9 2 7 . 0 7 2 5 . 8 3

'6 5 - ' 6 6 '6 5 - '6 7 '6 5 - '6 8 '6 6 - '6 7 '6 6 - ' 6 8 '6 7 - '6 8

0 . 0 1 2 5 - 3 . 1 3 * * * *        .       # #

6 . 2 5  - 1 2. 5 # *       * *

2 5 . 0 ~ 1 0 0 * *        *

> 1 0 0

(6) Tetracycline
High-sensitivity group increased considerably and both intermediate-sensi-

tivity group and low-sensitivity group decreased between 1965 and 1966. An
increase in low-sensitivity group and a decrease in intermediate-sensitivity group

occurred between 1966 and 1967. Low-sensitivity group decreased and inter-
mediate-sensitivity group increased between 1967 and 1968. The overall change

between 1965 and 1968 was a marked decrease in high-sensitivity group, but there

was no change in low-sensitivity group.
M . I . C .  fi g lm l N u m b e r  o f  s t r a in s P e r c e n t a g e

'6 5  '6 6  '6 7  '6 8 ' 6 5   '6 6   '6 7   '6 8

0 . 0 1 2 5 -  1 . 5 6 1 9  1 2 9  1 7 3  1 7 2 4 . 6 6  2 0 . 9 8  2 1 . 5 4  2 0 . 3 8

3 . 1 3     1 2 . 5 1 6 8  1 5 8  1 3 5  2 0 0 4 1 . 1 8  2 5 . 6 9  1 6 . 8 1  2 3 . 7 0

2 5 . 0  ~ > 1 0 0 2 2 1  3 2 8  4 9 5  4 7 2 5 4 . 1 7  5 3 . 3 3  6 1 . 6 4  5 5 . 9 2

'6 5 - '6 6  '6 5 - '6 7  '6 5 - ' 6 8 ' 6 6 ~ '6 7  '6 6 - '6 8  '6 7 - '6 8

0 . 0 1 2 5 ~  1 . 5 6 * *       # *       # #

3 . 1 2     1 2 . 5 * #       * *       # * * *        -        * *

2 5 . 0  ~ > 1 0 0 * **        -         *
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(7) Aminobenzyl penicillin
A considerable decrease in intermediate-sensitivity group accompanied by

an increase in high-sensitivity group and low-sensitivity group was observed
between 1967 and 1968.

M . I. C . ju g /m l N u m b e r o f s tr a in s P e r ce n ta g e

'6 5 '6 6 '6 7 '6 8 '6 5  '6 6  '6 7  '6 8

0 . 0 12 5 ~  3. 1 3 0  8 0 5 9 9 0. 0 0  0 . 0 0 5 4 . 7 9 7 2 . 0 0

6 . 2 5     12. 5 0  0  5 0 1 1 1 0 . 0 0  0 . 00 3 4. 2 5 13 .3 4

2 5. 0 ~ > 10 0 0  0  16 12 2 0. 0 0  0. 00 10. 9 6 1 4 .6 6

'6 5 - '6 6 '6 5 - '6 7 '6 5- '6 8 '6 6 ~ '6 7 '6 6 - '6 8 '6 7 - '6 8

0 . 0 12 5 -  3. 1 3 * *

6 . 2 5     1 2. 5 * *

2 5 . 0 ~ > 1 0 0

Discussion and Conclusion

As we have described above, we have been able to learn the changes of bacterial
sensitivities to each drug more accurately through comparing the annual changes of

the high-sensitivity group, intermediate-sensitivity group and low-sensitivity group,
which were classified according to the M. I. G. values of the bacterial isolates, than
by our previous method of comparison of the annual averages of the M. I. C. values.

(1) In S. aureus, both high-sensitivity group and intermediate-sensitivity group
decreased and low-sensitivity group increased against penicillin-G, erythromycin and

kanamycin. A decrease in high-sensitivity group and a considerable increase in inter-
mediate-sensitivity group accompanied by either a decrease or no change in low-

sensitivity group were found in 5. aureus against chloramphenicol and streptomycin.
High-sensitivity group increased and both intermediate-sensitivity group and low-
sensitivity group decreased against tetracycline.

(2) In E. coli, both high-sensitivity group and low-sensitivity group increased
against aminobenzyl-penicillin and kanamycin. Only high-sensitivity group increased
against cephalothin. High-sensitivity group decreased and both intermediate-sensitivity

group and low-sensitivity group increased against cephaloridine. A marked decrease
in high-sensitivity group and an increase in intermediate-sensitivity group without a

Table 5.

G rou p
D ru g

P C -G A B -P C * S M C P T C K M E M C R T C E R **

H ig h -sen sitiv ity gro up i  t  !

5 . au reus
Interm ediate- sen sitiv ity gr ou p t  t  I  t

L ow -sen sitiv ity g rou p I  t

H ig h -sen sitiv ity g rou p 1  t  t

E . coli In term ediate- sen sitiv ity gr ou p I  1

L o w -sen sitiv ity g rou p t   - > . - -> t     - >  t

PC-G: Penicillin. AB-PC : Aminobenzyl-penicillin. SM : Streptomycin. CP : Chloramphenicol.

T

C : Tetracycline. KM : Kanamycin. EM : Erythromycin. CET : Cephalothin. CER : Cephaloridine.
t Increase j Decrease ->No change \ Slight decrease

* 1967, 1968 ** 1966, 1967, 1968
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change in low-sensitivity group were found against chloramphenicol. A tendency

opposite to that against chloramphenicol was found against tetracycline. No change

was observed in any of the three groups against streptomycin.

These data can be summarized as in Table 5.

We believe that it has become possible to perform more accurate comparative

studies of the annual changes of the bacterial drug sensitivities with the method

described in the present paper than with our previous method.
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