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BIKEN JOURNAL 6.57-72 (1963)

Marker Test of Poliovirus in Relation to Mass
Vaccination with Live Oral Vaccines*

KUMAO TOYOSHiMA, BUNKICHi MiTsuDA, JUN TADOKORo **
TAKESHi YAMADA AND NOBUHARU KUNITA

The characteristics of T marker were first tested on laborator strains andit was found titat in u-
ing manipulations were oneil necessary before employing them as standard strains in tile T marker
test. Then T marker test was employed in a survey or wild strains. Five of the 16 strains or t e
I virus isolated from paralytic patients showed T~ character and these were all found in one Tou
isolated in the same place in t}Ie same year. T characters of type 3 wild strains varied between T~
and T', but few showed T' characters. Tests on the virus excreted in 11tc feces or vacc'nee 'rid'-
cared titat type I and 2 Sabin \, accines were relativcly stable, thougli I pe 3 virus chan ed earil
from T~ to T' during a single passage in the I, urnan intestinal ITaci, and its re en tended to OSsess
a higher growth capacity at 40'C than wild strains. The role or T nlarkcr test in surve s or the
progeny of vaccines is discussed.

This test and the intratypic seto-differentiation test were applied on poliovirus obtained front
two patients after vaccination. One case excretcd type I \, irus and this \, irus was Tt and heterolo ous
to lite vaccine strain. Another case excretcd type 2 \, iruses continuously and 11}ese viruses OSsessed
various thermal characters between T~ and T'. These were tested b d namic neutralizat'on
and were found to be hornologous with the Sabin type 2 strain. The hornolo ous character were
maintained even after PIaquing of the T' substrains, which might increase the OSsibilities of ickin
up wild strains. No enteric virus other than \, accine progCny have been isolated from monke kidne
tissue culture up to the present.

Pin's Labora!o0, Of aka Pubtic Heal!h In flitu!e, 0$"Aa
(Receiued for 1111b!!tano", I""e 15, 1963)

Sui. {A, IARY

In 1961, the benefit and safety of monovalent live poliovirus vaccines (Pfeizer)
were tested in a small scale field trial in Japan. Immediately after this trial,
mass vaccination was performed with live trivalent vaccines produced in USSR
and Connaught. In both cases we tested progeny virus for markers of poliovirus
to survey the mutation of the vaccine strains. For this, certain in Dino characteris-
tics, so called T, d and Ms markers (LwofT and LwofT, 1959; Vogt at a1. , 1957;
Kanda and MeInick, 1959), were tested in a field trial by members of the Japan
Live Poliovaccine Research Commission comparing results with the monkey
*
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TOYOSHIMA, NIITSUDA, TADOKORO. YAMADA AND KUNITA58

neurovirulence test and these results \\, ere summarized in official reports (1962).
Mass vaccination was performed during the summer months and care was

needed to distinguish poliomyelitis caused by wild virus and by live vaccine. In
this case, the T marker test was employed for survey of genetic changes, since this
marker seemed to be closely related to the virulence of the virus (Benyesh-Me In ick
and MeInick, 1959; Paul at a/., 1959; Cabasso at a/., 1960; Baron at a/., 1960), and
the intratypic sero-differentiation test was performed by the method of MCBride
(1959), in order to distinguish wild virus from progeny of vaccine strains.

This paper reports results of fundamental studies on the thermal character-
is tics of the standard strains and their application to the field trial and mass vac-
cination together with the serological differentiation of some agents isolated.
Detailed data on the marker test of the field trial were reported previously.

I . Pin, $

Standard virLilent, attenuated and many wild strains were obtained from many laboratories
through 11te courtesy of many workers. The progeny of Preizer monovalent vaccines were isolated
in our laboratory from the feces of vaccinees from Osaka University Medical School, Osaka A{edical
College and Kanazawa University Medical School through the kindness of Drs. Nishizawa, Tarsumi

Table I a. Type I Strains

Strain Name
or

N umber

A, IATERIALS AND AJETHODS

M. honey I I I NIH, J. p. " I MK Puss. co
r rs I I OsakaMicrobiologicol I ,BrunenderS I I I I Research Foundation ; "

I Year

Lsc. 20b

Ogawo

Isolation

I From I T. C. cell

___ . I_,
Fukuoka

I 1961 Patient ^

2 \ Carrier MK I before moss-Vaccination

3 1959 I Patient He'O Diseases, The Univ. of Tokyo
I 150101ed in

,, I1960 117 If

Eboro Hospital.

2

If

2 '196/' \ \ " Tk

I 1960 I Comb " ' " I______ _ __ " '
~ ~ ~ ~~~ ~ ~ ~ ~~~~~ Osaka Univ. pi ' I I

'' I 1961 Vaccinee MK : Osaka Med. College vI Kanazawa Univ. I ~ ~~~~~~~~~ ~~

~ ~~~ ~ ~~ ~ ~~~~~~~ ~~ ~~~~~~ ~ Osaka Public Health ' SSR I ' VI I I 1961 11 If I USSR Irivaient Vaccine

Obtained from

If

If

I NIH. Japan

FL

If

'Osaka Public Healih Institute I
If

.--^- - ----^ - -

11

Remarks

If

11

belo r e moss. Vocciniion

Poralyzed after
Vaccination

If

Momoyama Hospital

---^ ^
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and Sagawa. The progCny or Invalent \accines \VCre isolated in atn laborator from tile feces or
vaccinees in Osaka Prefecture. All \, iruses ale listed in Tables I a-c

Table I b. Type 2 Strains
~~'~~' *'~ ~'~"~~ ^ ~~~~ ' ' '

Strain
Name or
Number

MEFj

'712 ch20b

Okiio

Halo

Hiroo

2 \ Carrier I MK \ Before inn v I'

' """'I 'mm ,... I " hymn "' ^",*."."* had, , ^,_ _ ____ ____ _I Diseases. The Univ. o1Tokyo Eboro Hospital, Tokyo
~' I lbso!a Univ. .~ ~ ~ ~ '~~ ~

8 I 1961 Vaccinee MK ' Osaka Med. coll PieiZer monovolent
_ _ __ _ _ I I Kanazawa univ. ci e

45 \ " \ I Osaka Publ. Hllh. irisl ' USSR Irivoleni Vaccine
_ _ __ _ __ _ _ _. __ .____ _L ______ _ I___ _' '___ I_ ___

Table I c. Type 3 Strains

isolation

Year From

---^.---.-^--- --

Obtained from
T. C. c ell

Osaka Microbiologicol
I Research Found. lion

NIH Japan

FL I Osaka Publ. Hlih. Inst. I
Poralyzed oilerMK

Vaccination

1961 I Palienl

If

11

If

11

--- --^-- ^ ^^ ---- -^

Strain
Name or

Number

If

Soukell

MK passage

If

I Year

Remarks

Leon NIH Jupon

Leon 120b NIH Japan

' Osaka Public Health1961Nokoshi Palieni MK
I Institule

' Carrier > The Irisiiiuie for In Ieciious Isolated in Kanagawa
I Diseases. The Univ. of Tokyo. prefecture.

3 paljenj H I irislilUle for Virus 15010ied in Ebaro
-60 Reseoch, Kyoio Univ. Hospital, Tok o
I955 Palieni6 Osaka UnivFL

19566 Medical School

2 1957

1961 I Vaccinee MK

If

150101ion

Obtained From Remarks
From T. C. cell

NIH Japan . MK Passage Soukefl Y
I - - - - ----, ---I ^-^------Osaka Microbiologicol I ~
I Research Foundation : MK Passage Soukeii o

I I Kurume University I MK Passage SDUkeit K
, MK Passage

MK passage

11

11

51

30

NIOst or the standard anti wild \, iruscs recei\, ed were used

11

If

If

11

If

11 If

Pfeizer monovalenl
I Vaccine

I USSR Irivoleni Vaccine

after single passages in monkey kidney
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tissue cultures at 35'0. Strains from vaccinees and some palients were isolated in ntonkey kidney
tissue cultures, tinless otherwise specified

60

2. 7:55"e cullu, e

ATonkey kidneys (I\IK) were trypsinized by Bodian's method (1956), suspended in Earle's
balanced salts solution supplemented with 0.5 per cent Iactalbumin hydrolysate (LE) and 3 per
cent bovine serum and seeded in Roux bottles, 50 inl bottles or test tubes. Five or 6 days after seed-
ing, when the monolayers of the AtK cells were complete, they were washed once with phosp ate
buffered saline (PBS) and added with LE containing 0.2 per cent skimmed milk. They were used on
the following day.

3. Pir"$ i50!"tion

Five to 10 per cent emulsions or feces clarified by centrifugation were inoculated into 11Te MK
tissue cultures after discarding the medium, and the cultures were incubated at room temperature
for 30 min. Medium 199 or LE without serum was added and then the cultures were incubate
at 35'C until maximal cytopathic changes appeared. Isolated agents were stored at -2 an
identifications were performed using 10~' dilutions of infected tissue culture fluid and typing sera
containing 20 to 40 units of neutralizing antibodies10.1 inI. \irus samples containing a sing e type
of poliovirus were used for the marker test

4. Virus t, 17,110n

Titration was made by the piaque method LISing 0.2 inI of inoculum ant13 to 5 bcttles of 50 in
volume for each dilution. After one ITour of adsorption at 35 C, the bottles were over ai wit
inI or nutrient agar (0.22 per cent NaHCO3) preparecl by Hsiuilg and A. leinick's prescription (1958)
containing 0.2 per cent skimmed milk (Snow Brand) rather than sertim or bovine albumin.

5. T marker Ie$!

These tests were carried out by virus titration by the piaque ritethod using different temperatures
or incubation and 10 fold serialIy diluted virus samples. For control titrations, a 35 C air incu ator
was used and for growth at higher temperatures, a continuously agitated water at was emp oye .
The variation in the temperature of the water bath was less than t 0.1 C at the appropriate tempera-
tures. Piaques were counted after 3 and 4 days or incubation at 35'C and after 5 andjor 6 days at
higher temperarures.

6. Preparation of Jimi" $15ecjjic tin, JIMne sera

Anti-LSc 2ab, Ogawa and P 712 Ch 2ab rabbit sera were prepared according to the 10 owing
schedule. Eaclt antigen was prepared using MK cultures containing Medium 199. en in o
antigen containing about log PFU were InDCulated subcJtaneously Into ra Its or eac strain.
Two or three limes booster does of antigen were inoculaied at 3 week interva s an ays a ter t e
last immunization, animals were bled by heart puncture. After inactivation at 5 or min
the capacity orthe s3ra to neittralLze both hornologous and heterologous strains \\ere es e an
sera were selected for the intratypic sero-differentiation test

7. Intr"!JPc fern-dyere"!i"!ion IeJ! (/ST)

The test was cartiecl out according to the method of MCBride (1959) . Briefly, serLim was di Lite
to a concentration which reduced a hornologous strain or 106 FFUjmlt0 10 PFU orlesserin min. ,
on incubation at 37'C. \;irus containing about 1065 PFU!in I and diluted setunt were placec in to us
in a 37'C water bath. AllqLiots or 0.5 in I of \, irus and or serum were mixed at zero time an I e mix-
lures incubated in a \\, ater bath. A1 appropriate Intervals 0.1 inI or mixtures were intro uce in o
100 inI of cooled PBS, and then the survival was determined by piaque titration
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RESULTS

I. ayect of Ihe tempe?'dinra of inc"banon on the adjcienqy of growth

To select experimental conditions suitable for T marker test, virulent and
attenuated strains were tested for their PIaque producing capacities at 35' 39.0'
39.5', 40.0' and 40.3'C respectively. Results for each type of virus are summariz-
ed in Figs. I, 2 and 3.

o

o
o

2

Maho

IU

a

o

B

Y

61

3

rid

. Mahoney PL 2

4

>5

39.5 40.3

Temp eralure I'Ci

Fig. I. Temperature Characters of Type I Laboratory Strains
PL: PIaque purified substrain (at 35'C)

Lsc 20b ISObin 11

As shown in Fig. 1, the Mahoney strain had a stable T + character which was
not affected by PIaque purification. The LSc 2ab strains obtained from Pfeizer,
USSR and Connaught vaccines all showed T-character to the same extent before
and after PIaque purification at 35'C. The Brunenders strain was of an interme-
diate type with regard to its thermal character and showed rct140-character after
piaquing at 35'C.

39.0

,

A Brunenders PL

A

Sabin I PL 2

40.0
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o

MEF T

o
o

2

LU

a
o

3

&,. MEFjPLgT :-

4

MEF PL

I'CiTemp e rolu re

Fig. 2. Temperature Character of Type 2 Laboratory Strains
T': Manipulated from T' PIaque

With regard to type 2 strains (Fig. 2), MEF I strain showed T + character,
but at higher temperatures it produced rather small PIaques and the PIaque titer
war al^, redu. ed. MEF I pu"mad twine by PI^quing at 35'0 (MEF I PL2)
showed an intermediate character and further PIaquing at 35 C caused little change
in its character (MEF I PL3), though rctj40+ substrain was easily obtained from
th, ^ame ,I. ne by pinquing at 39.5'C (MEF I PL2 T+). On th. other hand,
this strain manipulated from a PIaque at 40'C showed an evident T+ character
(MEF I T+) and further manipulation at 35'C yielded stable T+ clones (MEF I
T+L and T+S). These clones were employed as the T+ controlfor the type 2

P 712 from three vaccines had T- character at all the high temperaturestests

tested.

Type 3 viruses, however, differed from the t\\, o other types (Fig. 3) . Both
Leon and Saukett strain from the National Institute of Health, Japan (Saukett Y)
showed T +character, but tended to show T f character at 40.3'C and could not
be used as T+ standards. Two Saukett strains obtained from other labora-
tones (Saukett B and Saukett k) \\, ere tested during selection of a T + standard
strain, but they showed similar temperature characters to those described above.

.

MEFj

MEFl T-L

MEFj T, S

P:I, ch 20b ISObin 21

39.0

o
MEFjPLs

39.5

O sabin 2 PL2

40.0 403
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o

2

o
o

o:3
o

Suwa

LU

Suite it
K

B
Y

L

4

39.5

Tempe rotu r e

Fig. 3. Temperature Character of Type 3 Laboratory Strains
. and . : Substrains of Leon 12ab manipulated from PIaques at 35'C and at 39.5'C
A and A Substrains of Saukett manipulated from piaques at 35'C and at 39.5'C

. : Substrain of Leon manipulated from a PIaque at 39.5'C

*-

^.
.
.

1.5

Leon 12

63

A
A

39.0

From these results the Suwa strain, which had been determined as a T+ strain at
the National Institute of Health, Japan, was tested and used as the T + standard
strain of type 3 in the following marker tests. As can be seen in Fig. 3, Leon 12 ab,
which was not piaque-purified in our laboratory, showed rctj40.3-, rctj40- and rctj
39.5 * characters' Thus a 40,3'0 water bath \\, as employed for T marker test of
type 3 viruses concomitantly \\, ith a 40.0'C water bath. Substrains of t e 3 virus
were tested after manipulation from I>Iaques at 35'C and 39.5'C, IJecause all these
strains, except the Suwa strain, produced only small, hazy PIaques at 40'C and their
titers also fluctuated considerably at hidher temperatures. A common heno-
menon among these strains was that rct140+ substrains were constantly obtained
from PIaques at 39.5'C and they produced larger PIaques at 40'0 than the ori in I

On PIaquing the Saukett strain at 35'C substrains varying from rctj+O
+ to rctj40 - were obtained, but substrains obtained from Leon 12 ab did not pro-
duce any piaques at 40'C.

b 150b 31

A

OA
o

40.0

strains.

40.3

I'Cl
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2. Thermal chardc/87islics of coild $170in$

Sixteen type I and fom. type 2 strains isolated from paralytic patients, and
three type I and two type 2 strains from healthy carrieis were tested. The results
are summarized in Table 2.

Table 2. Temper o1ure Markers of Type I and 2 Wild Strains

TOYOSHIMA, MTTSUDA, TADOKORO, YAMADA AND KUNITA

Type
Isolated

from

Palienl

' : isolated from patients in Tokyo in 1960
* . isolated from a family contact

Five type I strains isolated from paralytic patients showed rct140 - character. All
these 5 T - strains from patients were concentrated in strains isolated in Tokyo in
1960. On the other hand, three rct140+ strains were isolated in the same year
in Tokyo. Two of them were obtained from patients, one in summer and one

EQGrci/40.0 log
3?

Carrier

Patient

Character

>5

Corrir

I'

5-4 I
4'

log ECG

3-24-3

~I

rcf/40-

3 3

2-I

o

rcy40 t

i-o

- - - - - - - - - -I - - - - - - - - -

I .

. .I

.

- ~ ~ ~ ~ ~ ~ ~ .~ ~ ~ ~ ~ ~ ~ T, @ ~ ~0 .
I I
I

o
o

8.2
"

5

I*

co

o

3.3
U

---------

2

rct/40+

.

.

Fig. 4. Comparison between rctj40 and rctj40.3 Characters of Type 3 Wild Strains
. Strains isolated from patients
O Strains isolated from healthy carriers

4

4

>5

>5

.

.

.
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toward the end of the year. The remaining strain was isolated from a healthy
child who had come into contact with a brother excreting the rctj40 + strain.
Other type I strains isolated from patients exhibited rct140 + character. and those
obtained from healthy carriers had rct140- characters. Type 2 strains showed a
similar tendency to type I wild strains though too few were examined to analyze
the results.

Both the rct140 and rct140.3 characters of type 3 strains were studied. As
shown in Fig. 4, only 2 strains showed T + character although 18 strains were
distributed in various ways between rctj40- and rctj40.3 +. Three strainsisolated
from healthy children showed T - character. In addition, rctj40.3 - character
did not seem to be directly associated with rctl+0 - character.

3. TeJ/J on airu$ excre/ed in IheIeceJ of aaccinees

The progeny of the Sabin type vaccine strains were tested for their characters
after single passage in MK cultures at 35'C. The results are summarized in
Tables 3 and 4. Most progeny of type I and 2 strains showed nearly equal
thermal characteristics to the original virus thouuh some showed rctj40 :^ cha-
racter (Table 3) . None of them showed the rctj40 + character and they seemed
to be relatively stable with regard to thermal characteristics. No remarkable
difference was observed between USSR and Pfizer vaccines.

On the contrary, the thermal characteristics of type 3 vaccine strains changed
easily froin rct140.3 - to rctj40.3 + by single passage in the human intestinal tract
and moreover these strains tended to orow better at 40.0' and 40.3'C than virulent

wild strains. Since the progeny of Pfeizer type 3 vaccine had been tested at 40.0'C,

Table 3. Temperature Makers of Type I and 2 VCccine Frogeny

Voccinoled
wiih

Type I

I 150101ed

Pieizer

I USSR

I I~3W
I 24W

Type 2

log EQG

25 3~25~4 I 4~3

12 3
----^I^------

1851/1

I~3W 4 2

24w 2

11W121132
^ ---^ ^ -^- ^ .-- -

IM 2331 I
Character

IW I

21 M

W = we ek

7

4

- -~

M - month

2~I I~O

FClj40 rci140
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Table 4. Temperature Markers of Type 3 Vaccine Progeny

log EQGjested

3~24~ 3

4

Voccinoied
with

F1eizer

USSR 40.0*

Character

40.0

isolated
after

USSR

I I~3W
I---^- --- - --^ - - - - -

>4W I

IM

Ch oracler

various USSR vaccine progeny were also tested at 40.0'C and their stabilities were
compared with those of Pfeizer vaccines. As shown in Table 4, auain no remarka-
ble differences were observed.

25

40.3
I IWI 2

.^^ ^-I - - --- - -

IM 3 2

rct/
FCt/40.3 tI40.3-

These samples were included in somples o1 40.3'C
W ~ week M - month

5 ~4

*

IC1/40. 0 -

2~ I

rcV40. 0 t

5

4

7

6

77

rci/40. 0 +

3

I ~O

4

o

5

8

6

o
O?

rc1/400 log EQG
2 3

.

Ll

01
o

4

.

co
o
<.
\
U

rci/40.34-

Fig. 5. Comparison between rctj40 and rct140.3
Characters of Type 3 Vaccine Progeny

A comparison between rct140.3 and rct140.0 was made with some type 3
vaccine progeny (Fig. 5). Most strains tested were rct140 + and the characters
seen at 40.3' were not always proportional to the rct140.0 characters,

.

3

.

.

--------- +4

.

4

.

o0

o0
.

I .

01

-----"----+--------

I II I
I I

------------ -----------+-----
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4. '11/1/1n!ion of Ihe niorkei far/ 10 10$/ uriccii!a! pain!71ic panen/J

Feces were collected from three I>aralytic patients hospitalized immediately
after mass vaccination (Table 5) . One of these, the third case, was diary nosed
clinical Iy as a case of intracranial hemorrhaue, and strains isolated \\, ere included
in the test as control progeny virus.

Tobie 5. Poralytic Patients after Administration of Trivolent Vaccine

Dole of Onset Hospiiol-Age PrognosisVDCcinaiion of illness Izolio n

I ' I J, IY. 23 ' 1.1y, 25 ' Died on July. 30

5 July, 24 I July, 26?

I July, 21 Clinical Diagnosis^Augus1.9 Intracranial Hemorrhage

Temperature Markers of Viruses 1,0101ed from Patients offer Vaccination

I Type Thermal Charocier

7.01

4.97

7 20

<1.70

6.10

2.70

7.22

<1.70

N ame

Fukuoka

Halo

Hiroo

Table 6

Strain

4

Fskuoka 729

Halo 803

67

July. 28

July. 28

Augusi. 9

81 I

812

35

40

35

40

35

40

35

40

35

40

35

40

35

40

35

40

35

40

35

40

35

40

35

40

815

2

817

2

819

2

822

2

824

2

Hira0 814

825

From the feces of the first case, type I, from the second case, types I and 2
and from the third case, type 2 viruses were isolated. .The results of the T marker
test on these viruses are listed in Table 6. Type I, Fukuoka strain showed rct

7.22

<1.70

6.67

4.09

730

4.64

700

200

7.65

<1.70

7.81

3.79

6.65

5.77

75.9

<1.70

2

rci/40.

2

rcfj40 -

FC1/40.

rci/40 -

rci/40 -

rci/40 L ~ '

FC1/'40.

rc1/40 -

FC1/40 -

FC1/40 -

820

2

7.95

2.28

7.23

5.30

770

5.65

2

2

800

3.26

7.81

6.64

770

< I. 70

rci/40 +

rci/40 -
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140 t characters' In the second case, the thermal characteristics of type 2, Hata
strains isolated from the feces on different days varied from day to day, but the
characteristics inclined to rctj40 + character when compared with other Sabin
type 2 progeny strains (see Table 3) .

Preliminary tests on their antigenic characters were made by the dynamic
neutralization test according to MCBride's method. The antigenic character of
the type I Fukuoka strain was identified as heterologous to LSc 2 ab (Fig.
6) and hornologous to Ogawa strain which had been isolated in our laboratory
from a patient in Osaka about I month before the mass vaccination.

Time in Minu!OS

5

1.0

o

o

.
0<

Time in Minules

6

o
>

>
.-

=
co

O. I

0.01

12

Ogowo R-6219 Ix 961

Fig. 7. Dynamic Neutralization withFig. 6. Dynamic Neutralization with
Anti-Ogawa Rabbit SerumAnti. Lsc 2ab Rabbit Serum

On the other hand, all Hata strains of type 2 possessed hornologous characters
to P 712 showing K values of 84-106 per cent of the K value of iso10gous virus
with anti-P 712 serum. This character was identical to other vaccine progeny
strains, and wild viruses isolated in the same year (Okita strain) showed quite
different serological properties. Further identification was made on 6 clones pick-
ed out from PIaques grown at 40'C. All thees clones again showed hornologous
properties to P 712.

One Hata strain of type I isolated from the same patient was rctj40- and
hornologous to L Sc 2ab.

Therefore, efforts were made to obtain other enter IC viruses froin the feces of
the patient after neutralization of the polioviruses, but no virus has been isolated in
MK cultures up to the present. Isolation using suckling mice has not yet been
tested.

Fukuoka 729

I .O

Ogowo

Lsc 20b

o 0.1
.
"

o
>

>

=
co

SIR. 31x25i

10

Lsc 20b

001

Fukuoko

Ogowo
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To detect genetical changes, the T marker test was employed since it gave
the best correlation with neurovirulence in monkeys, as reported by many workers
(Berryesh-MeInick and MeInick, 1959; Paul at a/., 1959; MeInick and Benyesh-
MeInick, 1960; Cabass0 81 a!., 1960; Baron at a/., 1960). However, there have
been relatively few reports on the application of the T marker test, and different
conditions of temperature were employed by a various workers (Sabin, 1959 ;
Benyesh-MeInick and MeInick, 1959; Paul at a/., 1959; Yoshioka at a/., 1959;
Meinick and Benyesh-MeInick, 1960; Cabasso at a1. , 1960; Baron at a!., 1960;
Nakagawa at a1. , 1961 ; Report of Japan Live Poliovaccine Research Commission :
1962). In the present work the thermal characters of laboratory strains were
first examined using different temperatures for their growth. The Mahoney strain,
which was considered to be fully virulent, showed the T+ character even at 40.3'C
and the L Sc 2ab strain was T- at 39'C. Brunenders strain, which was a partly
attenuated substrain of the Brunhilde strain, showed an intermediate character.
With regard to type 2 strains, MEF I was rctj40 +, but it produced smaller PIaques
and gave a lower titer at 40'C than at 35'C. Substrains obtained from PIaques
at 40'C produced larger PIaques at 40'C and had a definite T+ character. This
substrain was replaqued at 35'C and stable T+ clones were obtained. On the
other hand, piaquing of original strain at 35'C resulted in the isolation of a rctj40^
substrain. These results may be explanined by supposing that the original MEF
I strain contained a mixed population, consisting largely of T, . substrains with
some T + substrains. F1aquing at 35'C Picked up a substrain from the majority
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of the population having Tt character though PIaquing at 40'C selected a T+
mutant from the minority of the population which had T+ character.

Similar findings were observed with the type 3 Saukett strain, but in this case,
rctj40 + substrains were isolated from T+ PIaques at 39.5'C, because this strain
produced only small and ill-defined PIaques at 40'C. Substrains obtained from
PIaques at 35'C showed various T characters varying from T- to T+. Although
Leon 12 ab strain was largely Tclj40 - virus, it produced clear piaques at 39.5'C,
and rct 40 + mutants \\, ere easily obtained from piaques grown at this temperature.
These T+ mutants, however, produced very small piaques at 40.3'C and the num-
ber of PIaques formed were difficult to determine. F1aque-purified substrains
which did not produce any PIaques at 40.0'C, included a T + mutant after a
second passage at 38'C. This suggests the genetical instability of this virus with
regard to thermal characteristics.

The T characters of the wild strains were tested. Since these strains had

various passage histories some strains isolated in our laboratory were tested at
various passage levels including a first passage in MK cultures, but no remarkable
change in the thermal characteristics was observed.

Type I wild strains were tested at 40'C and 5 out of the 16 strains isolated
from patients showed rct140. character. This is not peculiar as Sabin ( 1960) had
already pointed out that T- strains could be isolated from patients and such strains
might be very paralytogenic for monkeys. It is interesting that we found paralytic
patients excreting T - viruses only in one year and in a single district. Another
interesting finding is that only 3 patients excreated T + viruses during this year in
this same place and a healthy child who came into contact with one of these patien-
ts also excreted T + virus. Further analysis is now in progress on these points.

Type I and type 2 vaccines were relatively stable with regard to their thermal
characters' From these results and good correlation of T marker with neurovi-
rulence, this marker seems to be a convenient tool for surveys of the progeny of
vaccines of types I and 2. Type 3 virus was easily changed to T+ after a single
passage in the human intestinal t act. This tendency has already been noted by
Sabin (1959) . Moreover, these T + character seemed to be stronger than those
of wild strains isolated from patients, and many T. L~T -strains of type 3 viruses
were isolated from patients and from healthy carriers. From these results and the
low grade of correlation between this marker and neurovirulence in type 3 virus
(Baron at a/., 1960), the role of the T marker test in the survey of the progeny of
this vaccine is dubious. Some other type 3 strains, however, possessed a stable
thermal character, e. g. the Suwa strain is T+and this character does not change
during piaque purification while the Nakoshi strain is T -before and after PIaquing
and this character is stable on passage at 38'0. These strains seemed to be separa-
ble on the basis of their stable thermal characteristics from the Leon 12 ab strain

in which the thermal characteristics are changeable. The Saukett strain, which
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may, belong to the latter group. Although these differences in a be caused b dif-
forences un the passage level, the Mahoney strain of type I is stable in s ite of its
long passage history and the T-variant of this strain, L Sc 2ab, is also relativeI
stable.

Polioviruses \\, ere isolated from two patients hospitalized in Momo am a
Hospital, Osaka, immediately after vaccination. T , e I virus was isolated from
a fatal case and this was serolooically identified as wild t e virus which was resent
in Osaka in the same year. The other case excreted mainl I , e 2 strains with
various thermal characters. The day to day variation in these strains showed no
regular tendency. This may be due to the random selection from a mixed o ula-
tion during isolation. The antioenic characters of these strains were tested b
dynamic neutralization and they were found to be hornologous \\, ith tite P 712
strain. In this serological test these strains might ITave contained a small amount
of wild virus. Tt viruses were selected IJy piaquing to increase the DSSibilities of
detection of wild virulent virus. Six substrains with T? character were tested b
dynamaic neutralization, but again they showed similar characters to the Sanin
type 2 vaccine strain's.

Therefore attempts were made to ISOlatc non-polio-enteric viruses us in MK
cultures of the feces of this patient after neutralizing the o110viruses, but no such
agent has IJeen Isolated yet. Isolation of Coxsackie A viruses us in suckling mice
has not been carried out yet. Althouuh there may be other ex lariations, it seems
likely tlTat in this patients, type 2 virus of vaccine IJro en Ina , also have caused
the illness, since type 2 vaccine can caused viremia (Report of Ja an Live Poliovac-
cine Researclt Commission, 1962) and febril reaction (Mitsuda, to be published)
In vaccinecs. It is regretable that no sera could be obtained from the patient,
thouglT serological examinations were also necessar , for stud in the cause of the
disease. The very early onset of the illness after administration of vaccine in this
case, does not necessarily exclude the possibility that the paralysis Inay have been
caused by vaccine progeny, since vaccination had been started several da s before
the administration of the vaccine to this patient.

The use of this vaccine is very hopeful, but its administratioiT should be
planned carefully, especially in virgin soil for oral vaccine

The atIthors wish to express their graniude to Drs. Y. Ashihara, K o10 Universii , H. Hashimoi ,
AtomoyanTa Hospital, itI. Shingu, Kurume University and K. Ishii, Ebara Hos it al For' collect'
or virus samples and to A{iss Y. Morimoto and other workers in our laborato^ For Iheir technical
assistance

Baron, S. , ETicclman, R. \I. , Kitschstcin, R . Buri, tell, G. L. , A1urray, R. aild Hottle, G. A. (1960)

ACKNO\vLEDGE\. TENTS

REFERENCES



TOYOSHIMA, NilTSUDA, TanOKORO, YAMADA AND KUNITA

Laboratory investigations of the attenuated poliovirus vaccine strains. 11. Tissue culture
characteristics before and after gastrointestinal passage. In Liue polio"irtt, aacci"es (First Inter-
national Conference, Sci. Publ. n0.44), pp. 124-131. Pan American Health Organization.

Bodian, D. (1956). Simplified method of dispersion of monkey kidney cells with tiypsin. Virology
2,575-576.

Cabasso, V. I. ,Jungherr, E. L. , Levine, S. , Moyer, A. W. , Roca-Carcia, A, I. and Cox, H. R. (1960).
Assessment or correlation between certain in vitro markers and monkey neurovirulence. lit
Liue polioui, u$ DRcci"e5 (Second international Conference, Sci. Publ. n0.50), pp. 31-49. Pan
American Health Organization.

Hsiung, G. D. and Meinick, J. L. (1958). Effect of sodium bicarbonate concentration on piaque
formation of virulent and attenuated polioviruses. I. Jinm""o1.80,282-293

Kanda, Y. and MeInick, I. L. (1959). In ui!70 differentiation cf virulent and attenuated polio-
viruses by their growth characteristics on Ms cells. I. Expt!. Med. 109,9-24.

LwofT, A. and LwofT, M. (1959). Reinarques sur quelques caracteres du development du virus
de in poliomyelie. Cumpt. Rend. Acrid. Sci. 248,1725-1727

MCRride, W. D. (1959). Antigenic analysis of polioviruses by kinetic studies of serum neutralI-
Virology 7, 45-58.zation

Meinick, J. L. and Benyesh-Meinick, M. (1960). Problems associated with live poliovirus vaccine
and its progeny after multiplication in man. In Li"e polio"nits un"me$ (Second International
Conference, Sci. Publ. n0.50), pp. 12-27. Pan American Health Organization

Nakagawa, H. , Shingu, M. and Yamamoto, S. (1961). Studies on in "it70 marker test for polio-
virus using established cell lines. Presented at the 9th Annual Meeting or the Society of Japa-
nese Virologists

Sabin, A. B. (1960). In Liuepo!jouiruJ u@cci"e$ (Second International Conference, Sci. Pub1.110.50),
pp. 66-67. Pan American Health Organization

The Japan Live Poliovaccine Research Commission (1962). Report @11ap@" Li, e Polio"arci, !e Coin-
rufusi, " (in Japane, ,)

Vogt, M. , Dulbecco, R. and Weriner, H. A. (1957). Mutants of poliomyelitis \, iruses with reduced
efficiency of plating in acid medium and reduced pathogenicity. Virology 4,141-155.

Yoshioka, I. , Riordan, J. T. and Horstman, D. M. (1959). Thermal sensitivity or polioviruses
isolated during oral vaccine field trial: Comparison with monkey neurovirulence. Proc. SOC.
Expi!. Biol. Med. 102,342-347

72




