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111KL\10.1<\I, 7.21-35 (1904)

Antigenic Analysis of Type I Poliovirus
Analysis of the Recent Epidemic Strains in lapan*

KUMAO TOYOSHiMA, KEqi OTsu, TAKESHi \'AMADA,
YUKO NIORiMOTO AND NOBUHARU KUNITA

An CPIdcmiological analysis of wild type I poliovirus was made using the kinetic nc I I'.
The large epidemics \\, hich occurred in Hokkaido and Kyushu, Japanin 1960 andin 1961 were

caused by setologically hornologous \, iruscs. In the large cities in Ihc central a I I , h
was no large CDidcmic and viruses both ITomologus and heterologoLis 10 Ihc e idem' ,
Isolated during 1960 and 1961. Epidemics before 1960 \\, etc caused b \,' I 11 I
logous to the recent epidemic group.

For 111ese analyscs small but TCProducible differences in normalized K val e 'I' I
discriminate betwcen the heterologous strains. To confirm the hetero e ' 'I I I
the absorpLioiT test or scrum with active \, irus was employcd and the usefulnc f h' I ' -
forentiation or small diffcrcnces in antigenicity was established.

test

1'17"r Labom!o0, , Pubfic He'llh InJ!!'1111e, OJaka Pry'ec!"!t

(Receiued for I"611ta!toll, IVart/! 23. 1961)

INTRODUCTION

Antigenic valiability among strains within a given o110virus t f
noted by Weriner at a/. using the end-point neutralization test (1956,1959). On
the other hand the kinetics of the serum neutralization test of o1'
by Dull)ecc0 81 a/. (1956) and this technique was applied to accurate anal SIS f
intratypic strains of this virus I>y MCBride (1959). He found that heterolouous
strains were neutralized more slowly than the hornolo ous strai d
isolated from the same general area in the same year a eared to b

SUNIA. IARY

antigenically than others. Subsequently, three other serolorrical tech '
int"odu. ,d by Worker. (1960), Card (1960) and MeIni. k and Ben ush-M, Ini. k
(1960). Card intended to confirm We riner's technique and to test whether a aiv
strain of virus \\, as derived from a certain source of infection. Th t h ' ,
confii. med and extended by his work, I)ut no correlation w f d I ,
fective sources. These five techniques were applied for surveillance of th
of live 1,0110virus vaccines and were found to IJe useful for anal sis f d I
paralysis after administration of oral \, accines (Koprowski ,/ n/., 1960 ; F1 k'
^-- ,

*

This work was sillJportctl in part by a Grant for Scicniific Rescrcll froin Ihc \. I' ' f E I ' .
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TOYOSHIMA, OTSU, YAMADA, MORIMOTO AND KUNITA22

the other hand, the epidemiology of wild poliovirus has seldom been analyzed by
these techniques.

Most of the polio-epidemics in Japan \\, ere caused by type I virus (Kono,
1960) and a large epidemic caused by type I virus was observed recently. There-
fore type I virus strains Isolated in various districts of Japan I, etween 1956 and
1961 were tested. In our laboratory the intratypic serodifTerentiation test by
the kinetic neutralization technique (MCBride, 1959) has been applied to antigenic
analysis of poliovirus, because this test is Independent of the growth rate of the

This report includes epidemiological analysis of type I poliovirus strains,
especially those isolated during epidemics in 1960 and 1961.
virus.

I . Pir"ref

A1ahoney, Brunenders, LSc 2ab and Lederle SI\I strains were employed as standard laboratory
strains for the test. The former 3 strains were tested after 2 piaque passages. \\ild type I strains
were kindly supplied from manylaboratories (Tables I and 2) and 112 out o11he 158 strains were
employed for the tests after single passage in monkey kidney tissue culture in our laboratory. 11rus
stocks were harvested in nTcdium 199 ancl stored at -20'C
2. drill-rel'a

Anti-A, Iahoney, anti-LSc 2ab, anti-Ledcrle Sitl, anti-Ogawa (wild, Osaka, 1961). ai111-
Kaw, ,, ki (wild, I{. kkald. , 1959), anti-Y-12-61 (wild, Y"in, guchi, 1961) and anti-Hire*"wa
(wild, Tokyo, 1959) sera were prepared by the following schedule: Stock virus pools were partia y
purified by fluorocarbon treatment and about 10' FFU or each strain were inoculaied subcLitaneous-

Table I. Virus Sources

ATATERIALS r\:.;D A. IETHODS

Number
of

strains

I I

26

28

M. Kanamitsu

Y. Hinuma

N. Nakano

16

6

15

K. Ishii

16

M. Hirayama
R. Kono, * Y. Ashihara * and

I C. Hamada
E. Maiima and S. Okajima

K. Kawakami14

Supplied by

I I

7

I T. Hotta

I M. Shingu

7

Sapporo Medical College

Tohoku University

National Institute of Health, Japan

Ebara Hospital, Tokyo

The University of Tokyo

Kyoto University

Osaka University

Osaka Medical College

Institute of Health. Osaka City

Kurume University

Osaka Public Health Institute

* present address: National Institute of Health, Japan
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Table 2. Geographic Distribution of Wild Strains

Geographic source

Northern IHokkaid0 ' 3 I 3 I 5 I
part ITohoku : I 26 2 I

^ -.^^^

c, 11Kant0* I 28^ 101 912
Chubu I I ,

part , Kinki*'k 4 7 13 13 I 10 I 7':;; ~-:;;;;: --- - , I^,-I----,^--!^I~'~western ' I ' ,Chugoku I 6 2 , I 2
Pan Kyush" ^ I 8,413j 3

1956 I 1957

* Most strains were isolated in Tokyo
** Most Strains were isolated in Osaka

by, into 210 + rabbits. T\\, o or Ihrec boostcr closes (10' PFU) \VCrc given 11, ITacuianeously at 3 week
littcrvals and 7 days after lite last immunization Tai)bits \VCrc blccl by near Iptinciurc. Anti-sera \\, crc
testecl I, y 1<1nciic neutral12aiioi, with ISOlogous anti a iteicrologous siraiit anti selectccl for neutralization
experiments. .\nil-Brunenders set uru \\, as kindly suppliecl I)y Inc 1< CSearcli Foundation for' \, 11cro-
I, ial Discuscs, Osaka University
a. Pullf us$a)'

:\11 \, 11'us CS \\, etc assayccl I, \, Ihe piaquc liteiliocl willI 11nlr log tilluiinns 111 \. irus
I. T!r, tie '11/1/1r,

Pi'jinary monkey, kidney, lisstic cultures werc I>I'cparetl by nodian's I, ,cihocl antl employccl
Ihrougl, out the cxperimcitts. Five to 6 days allcr sectlintr the cclls, PIaqLic boillcs were wasltccl once
with phDsphaie nun'erecl saline (PBS) ancl tilen 7 nLl or Earle's saline supplementec! willT 0.5 per cent
Iactalbumiii itydrolysate ant10.2 per cunt skimmecl milk \\, as introducecl into the boltlcs. Tliese
1,0111cs werc Lisecl on the following day, for. \, irLis assays or \. irLis growth
5. I\hill"/!editori IeJl

The kinetic neutralization test was perlbimetl according to NICBridc's inclllrid. Tile an Ii-scrum
was tillutcd willt PRS to a dilution which SIIowed a nciitializing capaciiy to rediice the infectivc liter
or I'Dmologous \, ii'us to 10~ ' - 10 ~' in 10 min. at 37'C. Stock \, it Lises were diluted to approximately
5 x 10, FFU per inI or\, irus. Titcsc weie placed in a \vatcr bath at 37*C and the clilutcd scrum was
distributed in 0.5 InI am o11nts into 10 x 75 mm tubes. Equal\, o1umes or\, irus was addcc110 the tubes
at time zcio and O. I in I or the virus-scrum mixture was transfered into 50 in I cold PBS at 5 minutes

intervals. T'ITe residual \. irLis litcr or each sample \\, as determinecl by piaquc 111ration and the rustilis
or ncutralization ICsis arc expressecl as lite avcragc or the normalized K \, alues (\K \. aluc) or scrvcral
cxperiments

D log c \oK- --^ - lory - - D: clilution or seium. I: 11mc in n, 111

\'n : \. itLIS liter at time zero, \,\: residual tiler at lime I
K of eaclt strain

\K- .\100
K or lsologous strain

G. .. 1,501/,!ion IeJ! of .,'11/1/1
Serunt was diluted 10 hair tile dilution employed for the kinetic netitralizaiioii test. The serum

was distribured in test tubes in 6 inI aliquots anti mixed with equal \o1umes or acii\, e \, irus samples
containing about 10' FFU!inI. Artei incubation at 37'C, for 31, ours, n. Ixtures \\. ere centrifuged at

Year of isolation

1958 1959 1960

23

1961
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105,000 x g for 90 IlTinuics. 'LITc supcrnaiaiit fluitls \\, cic Ilcalctl at 56, C Ibr 30 litiiiuics Lllc

control serum for this experiment was treated in the same manner, but Hanks' balanced salts solution
was employed rather than \, irus material

TOYOSHIA{A, OTSU, YAMADA, A10RIA. 10TO ,\xi> KUXITA

Pre/fin!naty 18J/3 on Ihe antt^'e, Ifc 4/1ec;!inty of coild Jiminr
Antigenic similarities of type I poliovirus strains isolated in 1961 were de-

monstrated in the previous report (Toyoshima at a/.). To test whether the many
strains isolated in Japan were also similar, kinetic curves were drawn \\, ith anti-
Ogawa (Osaka, 1961), anti-Mahoney and anti-Brunenders sera. As seen in
Table 3, both antigenically closely related and considerably differ. ent strains were
observed with anti-Ogawa serum. 00awa hornolouous strains were found in recent,
and heterologous ones in older groups. Ogawa strain and three other strains which
were heterologous to the Ogawa strain were tested with anti-Mahoney and anti-
Brunenders sera, to test the specificity of the wild strain isolated in Japan. None
of these sho\\, ed similar antigenicity to the Mahoney or Brunenders strains.
Moreover, they were more heterologous to these antisera than other laboratoiy
strains (Figs. I and 2).
Abro?In on IeJ/ of re?'a toilh ac/lag un'u$

Some antigenic differences were shown I, etween wild strains by preliminary
neutralization tests. However, the normalized K values of 2 in 3 slowly neutra-
Iizing strains were anove 60. The serum absorption test was performed to confirm
the small antigenic difference. Model absorption tests \\, ere clone with anti-LSc
2alJ serum and a few type I sti. ains. Anti-LSc 2al) serum was diluted to I : 6+

Table 3. Preliminary Test of Wild Type I Viruses with
Anti-Ogawa Serum

RESULTS

Name

Ogawa
Yutani

Matsu bara

Hi rasawa

Fukuda Y

Y- 12-61

Y-2-61

Ogu
Kawasaki

Yudono

Sotodate

I Place
-i

Osaka

Hokkaido

Tokyo

Yamaguchi

Isolated in

Mahoney

F1

Hokkaido

Year

1961

1956

1959

1959

1960

1961

1961

1958

1959

1960

1960

11

If

11

NK

valu e

100

62

64

43

98

98

102

103

97

109

117

--I-
34
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with PBS and absorbed with hornologous, Brunenders and Ogawa strains
Control seruni was mixed with Hanks' solution and treated in the same way.

After heating at 56'C for 30 min. , there was no detectable amount of virus in these
treated sera. Kinetic neutralization tests were done with these sera. Fig. 3a
shows the neutralization with control serum. As shown in Fig. 3b, hornologous
virus absorbed the neutralizing antibody sufficiently and no specificity of the
serum could be demonstrated. On the other hand, absorption with the heterologous
strain did not reduce the neutralizing capacity of the serum so much as hornologous
virus, but the capacity to neutralize the same strain as used for absorption \\, as
evid*ntly redu. ed (Figs. 3c and 3d).

o 5

o

10

or O. I

.
>

>

.

co

o

09 awa

5

Brunende rs

10 minuies

15c 20b

a)

09 awa
Mahonev

Isc 20b

Brunende rs

<,.

@

o

a
o<

Br u n en ders

Fig. 3a-d. Absorption Test of Anti-LSc 2ab Serum with Three Immunologically
Distinct Strains

a) Control
by Absorption with LSc 2ab
c) Absorption with Brunenders
d) Absorption with Ogawa

The absorption test was applied on Anti-Ogawa serum with one hornologous
(Fukuoka Y) and one intermediate (Matsubara) strain. In both cases, the capa-

a
>

>

.

co

Mahoney

O g awa

.-

b)

O gowa

Mo honey

LSc 20 b

c)

LSc 20b

d)
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city to neutralize hornologotis virus \\, as not greatly aff'ccted, but the Fukuoka Y
strain showed a similar \, elocity of neutralizatioil as to the Oga\\, a strain bcforc and
after absorption, 11'0ugl\ thc NK \, aluc of LIT. A1atsubara straiil was orcatly rcduccd
aftcr absorption (Figs. 4a-c)

o

\

5

\

\\

\ *

\ *

OgowO \Fukudo Y

o

a
o<

10 minuies

E 0.1

\\
Mahoney

\ **

**Ma I s u baro>

>

.

co

L-

5

Q

o
o<

\

Fig. 4a-c. Absorption Test of Anti-Ogawa Serum with 2 Wild Strains
a) Control
by Absorption with Fukuda Y
c) Absorption with Matsubara

Reciprocal newlyallea/ion of Ihi'88 jinm"no/ogical!y Jimi/ar J/lainr toilh theii' anti-fern
Many strains isolated in different areas in different years were neutralized

rapidly with anti-Ogawa serum. To confirm their antigenic similarity, two strains
were selected from different areas as representative strains of the Ogawa horno-
logous group. The Ogawa strain and these two strains were tested by reciprocal
neutralization with their anti-sera. All the strains showed NK values of above

90 with each of the thrce anti-sera and no antigenic difference was observed between
these strains. This result suggests the antigenic identity of the epidemic strains in
the three different areas (Table 4).

a)

\
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>

>
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Table 4. Reciprocal Neutralization Test of Three Representative
Strains

Virus

Strain

Ogawa

Kawasaki

Y- 12- 16

K value with is o1080us virus

14/11d flintnJ in adj70ur ni', aJ

One hundred and twelve strains \\, ere tested with anti-Ogawa serum and some
of them, several Ogawa-hornologous, Ogawa-similar and a few Ogawa-heterologous

were further tested with anti-Kawasaki and anti-Y-12-61 sera. Repre-strains,

sentative results of the tests are shown in Tables 5.6 and 7.

All strains isolated in the northern part of Japan are included in Table 5. The
Yutani strain is somewhat different from the Ogawa strain and heterologous to the
Kawasaki strain. Two other strains isolated in the same year are also different
from the Ogawa strain. In 1958 Ogawa-hornologous strains appeared in Hok-
kaido and one of them, the Ogu strain, Is hornologous to the Kawasaki and Y-12-61

Since that year, no heterologous strain was observed in Hokkaido untilstrains.

mass vaccination with oral vaccine was performed. The Ishigaki strain is a little
diffei. ent antioenically fi. om the Ogawa and Kawasaki strains, but considering the

be included in the I. ecenthigh specificity of anti-Kawasaki serum this strain may

Table 5. Screening Test of Wild Strains Isolated in Northern
Part of Japan with Anti-sera against the Recent
Epidemic Group

Isolated in

Osaka 1961

Hokkaido, 1959

NK value with Anti-serum
-.^^-

~I____9_;::;-I. ;:ill;-'I"16-_
Yamaguchi. 1961

97

98

69.1 I

100

102 100

689

113

Strain

Yutani

Ogu
Kawasaki

Yudono

Ishigaki

27.0

' Hokkaido.

Isolated in

Shiraishi

Hakoishi

Y-4

Y-32

,,

---. ---^

,,

F1

1956

1958

I959

1960

,/

Aomori,

I Yamagata,

,,

ND

Ogawa

,,

NK value with anti-serum

not determined

1959

1959

F1

62

103

97

95

89

Kawasaki

49

105

100

79

83

I 10

115

Y- 12-61

ND

I 10

113

871ND
52 ND

621ND
100 : ND

761ND
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Table 6. Screening Test of Wild Strains Isolated in Kinki Distri t
with Anti-sera against the Recent Epidemic Grou

Strain

Takashima

Arishima

Futakami

Korosue

Kihara

K. 31

Kiyohara

Ogawa
Tanino

Isolated in

1956

1956

1957

1957

1957

1958

1960

1961

1961

NK value with anti-serum

Ogawa I Kawasaki Y. 12-61

Table 7.

Strain

93

89

106

88

102

I01

96

100

98

Screening Test of Wild Strains Isolated in Western Part
of Japan with Anti-sera against the Recent Epidemic
Group

Watanabe

Yata

Y- 12.61

Ehime,

I Yamaguchi,

I Yamaguchi,

K-151

Matsushita

A- 12.60

M-34-60

M-46-60

F-40-61

S-2-6 I

5-5-6 I

58

44

74

50

72

98

85

92

90

isolated in

29

I Kyushu,

Kagoshima,
I Fukuoka,

1957

1957

1961

Ogawa I Kawasaki I Y-12-61- --^---^ --..^ -- --- -- -

epidemic group. In the Tohoku district only 200'awa-hornolouous straiil , .
found among the 10 tested. One of them is hornolouous to the 1< awasak' t ,
nut the other, Y-32, showed intermediate characters in Ie Gated t t . Th'
difference in NK values may be interpreted as due to a difference in 'fi ' '
of the anti-sera and the Y-32 strain may not I)e identical \\, ith the recent 'd
group.

Most of the wild strains in the Kinki district (central part of Japan) were
obtained from Osaka, one of the most densely populated areas. As sho\
Table 6, strains obtained in 1956 and 1957 are antigenically distinct fi. om tlTe

,,

1958

1959

1960

,,

I Saga

NK value with anti-serum

FF

87

100

,,

,,

85

98

,r

1961

1961

65 73

I 102 , 100
91

97

92

108

102

110

105

85

85

104

101

107

103

102

100

105

57

,,

62

84
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Kawasaki strain and these are considered to be heterologous to the recent epidemic
group. A wild strain hornologous to the recent epidemic group was first observed
in 1958, but not in the following year. Both hornologous and heterologous strains
were observed in 1960 and 1961.

The most distinctive feature in the western part of Japan is that of the 8 strains
tested only strains hornologous with the recent epidemic group were observed in
1960 and 1961 (Tab1,7).
TertJ on Ogatt!a-he/87010gou$ strainr

Small scale field trials were done with Lederle live poliovirus vaccines in a few
areas during 1958 to 1960. Four Ogawa-heterologous strains were tested by reci-
procal neutralization with anti-Lederle SM and anti-Hirasawa (wild, Ogawa-
heterologous) sera. The K-39 strain isolated in Tokyo in 1959 was added as a
control strain. All these strains were distinct from the Lederle SM and HITasawa

st"aim (Table 8) .

30

Table 8.

Strain

Ogawa

Neutralization Test of Ogawa-heterologous Strains with
Anti-Ogawa, Anti-Lederle SM and Anti-Hirasawa sera

Lederle SM

Virus

Hirasawa

Y. 5

Nakao

Toyoda

Osaka

Isolated in

Lederle Vaccine

Tokyo

K. 39

Yamagata
Osaka

Osaka

1961

Dir/lib"lion of Ihe IVCeii/ 41;idemic flyttii!
A screening test of the recent epidemic strain was done with anti-Ogawa serum

and the results were corrected by a test with anti-Kawasaki serum. From the
results of tests on many strains, the following criterion was adopted for classification
of wild strains ; a) strains showing a NK value of more than 90 with anti-Ogawa
serum and of more than 85 with anti-Kawasaki serum are considered to be recent

epidemic strains, by those showing NK values between 80 and 89 with both
anti-sera are also hornologous, but it is uncertain whether they are recent strains, c)
strains tested with anti-Ogawa serum alone and showing NK values of above 80
are questionable cases, d) those showing NK values of above 80 with anti-Ogawa
serum, but below 79 with anti-Kawasaki serum are considered to be intermediate
types, e) strains showing NK values of below 79 with anti-Ogawa and, or, anti-

ND: Not determined

1959

Tokyo

Normalized K value with Anti-

Ogawa

1959

1958

1960

100

ND

1958

Lederle SM

43

39

44

50

26

100

Hirasawa

72

83

31

45

51

55

77

100

ND

48

66

70

50



ANTIGENIC ANALYSTS OF POLIO TYPE I EPIDEMIC STRAINS 31

Kawasaki are distinct from the recent epidemic strain. The results of the test were
summarized in Fig. 5.

Fig. 5. Distribution of the Recent Epidemic Strain of Type I
Poliovirus

Northern part Central part
Year ^----^

Hokkaido Tohoku ^ Kanto Chubu Kinki

1958 00ej I I

@ Ode. Ie. " e .eee
1959

1960

1961

^ ^-^

ee ceee

ee

@cee

. : Aomori prefecture

@ : strains showing NK values of more than 90 with anti-Ogawa serum and
of more than 85 with anti-Kawasaki serum

O : those showing NK values between 80 and 89 with both anti-sera
c : tested with anti-Ogawa serum alone and NK values above 80
d : those showing NK values above 80 with anti-Ogawa serum, but below 79

with anti-Kawasaki seruin

e : strains showing NK values below 79 with both anti-sera

@ and Qinay belong to the recent epidemic group

C C

dee

@.

eeee

eee

@000

(4) c e e

@0001
e

06

@00

@001
! -^
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@.

CHUGOKU

Y. mug u c h
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Fig. 6. Map showing Areas mentioned in Tables
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Table 9. Number and Morbidity Rate of Poliomyelitis in Serveral
Prefectures from 1956 through 1961

Northern part I
I ----^~'

Hokkaido Aomori I Tokyo
1956

122 167 159 I32 85
1957 I I I2.5 ' 4.7 ' 07 I 081 17

1207 '42 186 I50 1129
^ ^-; ^^ I

I 4.2 I 2.9 1.0 I 1.2 I 2.5
-^- -^-'^ ^~!~';

94 141 339 ! 97 ; 159
1959 ' ' I I9 3.6 2.4 3.0

203

4.2

124 57

8.8 07

Central part

Aichi ' Osaka Ehime I '"' . I Fukuoka

124 139 37 1125 I

1960

25

07

Upper numbers represent the number of patients and lower numbers
represent the in orb. dity rate (per 100,000)

Roman numerals indicate virus type isolated during epidemic stage

From the above mentioned criterion, the recent epidemic strain appeared first
in 1958 in Hokkaido and in Osaka (Kinki), but this strain was not dominant as wild
type I poliovirus during 1958 and the following years' In 1960 a large scale epi-
demic occurred in Hokkaido and another epidemic occurred in the Chugoku-
Kyushu dim"in in 1960 and 1961 (Fig. 6 and T^b1,9). All st"^jus i, o1ated in
tltese areas during these years are antigenically hornologous with each other and
these are considered to be the recent epidemic group. On the other hand, noth in
Tokyo (Kanto) and in Osaka (Kinki), no large epidemic occurred during thesc
years (Table 9) and strains isolated in these areas during these years are a mixture
of the recent epidemic strains and antigenically different strains. Aomori (Tohoku)
is close to the south of Hokkaido and epidemics were observed in 1959 and in
1960. However, 4 strains isolated in this prefecture in these years are heterologous
to the rcccnt cpidcmic grouj, o1, served in Hokkaido and in tlIe Chtigoku-Kyushu
dim"1.1 (Fig, . 5.6 and 'IN, I. 9).

1961

124 139 37

2.6 90 2.3

Western part

1.3

I 10

71

4.6

31

244

15.0

179

I102.0

27

10

I 50
1.7 I

3.2

119

3.0

321

8.0 rr

3.1

145

DISCUSSION

In lirevious IJapers on the antigenic analysis of type , polioviruses, MCBride
(1959) noted that strains isolated from one alea \\, illLiil a single year appeared to I)e
more similar antiuenically than strains isolated in other areas and at other times,

3.6 I

273

6.8

300

7.5
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and \\Ienner at a/. (1959) also noted that there exist in nature type I polioviruses
sumcientl\, different jinmunologically from Brunhilde and A{ahone\, vir
Thirteen type I polioviruses isolated in Japan in 1958 wei'e also ITeterolo ous 10
Ih, B"unhild, main (Kon. , 1960).

The present study indicates that \\, ild type I 1,0110viruses isolated in Ja an
also diffu. inTmunologicalIy from laboratory strains and that \, arious urades of
Immunological difference can lie observed am on. ' these wild strains. To con{IT
whether these differences were caused I^, technical errors, the absorption test of
serum \\, as pelfoi. med. Active viruses were employed for. the absorption tests on
sera, since some workers failed to demonstrate the validity of the absm. tion test on
sera using Inactivated virus (Card, 1960; Plotkin 81 o1. , 1961). A model expel. i-
merit was done with anti. LSc 2ab serum and various strains of virus. The ca act ,
to neutralize the virus was marked Iy reduced by absorption with the LSc 2al)
straiil and no specificity of the serum could be demonstrated. Absor tion willt
heterologous strains affected the velocity of the neutralization of the virus em 10 ed
for. al)sorption, although K values of other viruses weie not affected so much as b ,
absoiption witlt LSc 2al) strain. This suggests that a qualitative rather th
quantitative difference is responsible for the intratypic difference in anti enicit ,.
The absorption test was applied in setolouical differentiation of 2 wild strains witlT
different NK values. The results sutraest that even small differences in th \!K
values in neutralization kinetics Is promising for. discrimination of heterolooous
virus from the hornologous group

Three Ogawa-hornologous strains \\, ere selected froiTT 3 distinct areas of Ja an,
and these were tested by Ieciprocal neutralization by the kinetic method \\, ith the 11.

NO Immunological difference was o1iserved netween these strains and
these are considered to be definitely the virus which caused e Idemics in the rec I
years. Then a screening test of Ogawa-he tel'o10.0us virus was done \\, itIT anti-
Ogawa scrum and that of the recent epidemic oroup virus was done \\, itit anti-Kawa-
saki scrum, since the former exhibited a I)roadci^. anrrc of ncutralization than Ihc
latter (Tables 5.6 and 7). From these tests it was shown that epidemics of polio-
myelitis in Hokkaido in 1960 and in Chugoku-Kyushu from 1960 to 1961 (Table
8 and Fig. 6) are caused I)y an antiuenically hornolooous oroup of type I virus and
no, or very few, heterologous strains were present in these areas in these years,
allhouglt thesc two areas are quite far apart geographicalI),. On 11Te other ITand,
a nlixcd population of type I strains was on sei'VCd in Tokyo and in Osaka in Ihc
cciitial part of Japan. Although no definite conclusion can IJe made on 11}c soul'cc
of the I. ecent epidemic strains, those hornolorrous with the recent epidemic orou
havc licen 1st)lated since 1958 in Hokkaido and in Osaka, and in 1959 in K usILL!.
01t 11}e contrary. , SII'ains Ileterologous to the recent epidemic urotin \vere isolated in
Aomori in 1959 and 1960 during local epidemics, thou, h Amoroi is ad'aceni to
Hokkaido. Moreover, most Iypc I sirains isolated in 1959 in Yamauata (Tohok11, to
Ihc soutlT of Aomori) are also heterologous to the oroup. Thcse differcnces in

anti-sera.

33



TOYOSHIMA, OTSU, YAA, IADA, MORIMOTO AND KUNITA34

the mode of spread of this group between rural areas and large cities may be expla-
ined by differences in their ecology. The dense population of large cities, i. e.
Tokyo and Osaka, permits type I wild strain to be prevalent constantly and this
may affect the invasion of newer strains by interference or by inducing immunity
among the inhabitants. In such areas, no large epidemic has been observed
(Table 8). On the other hand, in rural areas including some small but densely
populated towns (Hokkaido and Chugoku-Kyushu areas), the scarcity of preceding
virus promotes an increase of susceptible populations and permits the invasion of
new strains. When a virulent virus is introduced into such an area, large epidemics

may occur. In fact the increase in a susceptible population was noted in Hokkaido
before the epidemic in 1960 (Kanamitsu, 1960) . The latter areas are almost filled
up with a single strain in a relatively short period and other strains become
scarcely detectable. Aomori may also belong to the latter group and may have
been filled up with antigenically distinct strains before the invasion of the recent
epidemic group.
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