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UA, litJARY The CAI\, I-A4 further attenuated live measles vaccine virus \\, as suc-

cessfully adapted to grow in primar}, cliick embryonic fibroblast cultures at 26C.
The live measles \, irus vaccine prepared from the cold-adapted \, ariant caused less
febrile reaction in I)ealthy, children than the original vaccine \\, hciT tested clinically.
Of 206 children \\, ho were initially seronegative 65 (31.61{,) developed a febrile reac-
tioil of over 37.5C one week after a subcutaneous injectioiT of the newly developed

The vaccine elicited as good antibody, responses as the original \, accine.

INTRODUCTION

There have been many, reports on LISe of the
cold adaptation procedure in selecting at-
tenuated variants of several \, Iruses for develop-
merit of live \, irus \, accines for clinical Lise

The relationship bet\^een the ability to gro\\, at
a lowered temperature and the virulence has
been studied \\, ith poliovirus (Plotkin et al. ,
1961), Japanese B encephalitis virus (Rohitay-
odhin and Hammon, 1962), measles virus
(Hozinski at a1. , 1965) and influenza virus
(Man^^, b, 1967).

The further attenuated live measles virus

vaccine, CANT-A4 straiiT \\, as prepared from a

vaccine.

clone selected by PIaque isolation at 36C
(Tat, ku at "I. , 1970) and ^I, .wad ^Imjin, *vid-
ence of attenuation to the SclTwarz strain of one
of the further attenuated live measles \, accines

prepared in America (Japan Aleasles Vaccine
Research Commission, 1970 ; Ueda et al. ,
1970b). But the CANT-A4 strain still induced
a ferbrile reaction in half the children tested

\^hen Injected subcutaneously. So, attempts
were made to adapt the strain to grow at a
lowered temperature in primary chick Ginbr\, o
fibrobl, st colture^ (CEF).

This report sho\\. s the results of a clinical
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test on the cold-adapted variant of the CANT-
A4 further attenuated live measles vaccine
virus.

AJATERIALS AND ATETHODS

I. Seed of I lis 10, ' uricch, e tiepin ajio, ,

Clone A4 of the CANl-CEF live measles \, accine

virus (TakakLi at a1. , 1970; Ueda at a1. , 1970b) \\. as
passaged 8 times in CEF at 26 C. This strain easily
became adapted to gro\\, in CEF at a lowered tern-
petature.

A preliminary clinical test on the strain after two
passages at tite 10\\'er temperature in CEF showed
that it catised fe\\er febrile reactions in healtl^, chil-
dren than the parent \, irus

2. 17nccJ',!e

A live measles \. irLis vaccine was prepared from the
cold-adapted strain of CAIVl-A4 measles \, accine
virus after 8 passages at 26 C in CEF. This itew
vaccine \\. as designated " CAI\J-70 " measles virus
vaccine

Axillary, tentperatures \\, ere tal<en once or twice a day
and 4 times re a. in. , and I, 6 and 10 p. in. ) \\. hen
children developed a fever. If necessary, one of the
authors was called in

Other procedures used \\. ere as described pre-
viously (Ueda et a1. , 1970a)

The 11.0philized \. accine in an one dose ampoule
\^as reconstituted \\'ith 0.5 in I of distilled water and
had a titer of 10' 'TC10, ,10.1 inI. For \, accination
a dose of 0.5 inI was injected subcutaneousl\'

RESULTS

3. 17ncc, ', lees alld tatci, ,ntio, ,

The \, accinees were 9 months to 6 years old home-

dwelling childreiT \\Ith on ITistory of measles in Suita
City, Osaka and Nishinomiya City, Hyogo

Vaccination \\as carried out bet\\CGn June, 1970

and January, 1971

4. He'llrigg1!11/11nti'o11-1', IhibJtio, I (H/) t'st

Blood specimens \\ere collected on the day, of
\, accination and one ntonth later. The Hl antibody
titers were measured by the micro-method (Ueda,
1971a). Data on children \\, ho were Immune before
vaccination \\'ere excluded In evaluating tl, e resLilts
of this clinical test

I . GIIh!'cal coalw"ti'on

Table I shows the age distribution of the 206
initially seronegative.children who

About 907, of the jinmunized children was
under 3 years old

Sixty-five of the 206 children developed a
fever 5 to 12 days after vaccination. The
distribution of the days of onset of the febrile
reaction is shown in Fig. I, the median being
day, 7.

\\, ere

TABLE I. age of chzldi'e" ,'ecezb!rig " CAM-
70 " "tensles cocct'"e

5. Sill'"ey of '11/11'cn/ ledc!, o113

A chart for' clinical records (body temperature,

rash, eye and I, asal discharges, cough, diarrhoea,
appetite, general conditioit etc. ) \\, as gi\, eit to the
parents o1T the day, of \, accination, and the parents
\\ere asked to fill in the clinical record on their

children even. day. for. 3 \\ eeks after vaccination

Age
9-11
inO

No

96

28

13.6

I \, r

90

+3.7

2 yr
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30

+2

20.4

3yr 4-6yr Total
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In Fig. 2 the cumulative percent of maximal
temperatures of children who developed a
forbrile reaction, is compared \\, ith that in pre-
vious clinical tests \\, ith the original, CANl-A4
vaccine (Ueda at a1. , 1970b). The incidence of
a ferbrile reaction of under 39.0 C \\, as con-

siderably less \\, itI\ the new \, accine, " CAL, I-
70 "

The cumulative percent of the duration of a
fever of over 37.5 C is shown in Fig. 3. Of the
children \\, ho developed a Ierbrile reaction 90%
recovered \\, ithin at most 3 days

The main clinical reactions other than a

febrile reaction \\, ere a rash and febrile con-

vulsions. A sporadic rash developed in 20 of
th, 206 .hildren (9.71, ",) f. 11. wing fob"in rear-
ti, us (T, bit 2), and th. inch dimpp. ar"d in "
day, or t\\, 0 \\, ithout pigmentation. Febrile
convulsions occurred in a 19 montll old girl
when her body temperature rose to 38.0 C on
the 8tll d^, after vaccination.

Other clinical reactions suclt as malaise,
anorexia or catarrl\ were observed in some

children \\, ho devcloped febrile reactions, but
they \\, ere so nTild that the children recovered as
sooit after their temperature dropped

10~
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Maximal temperature (C)

FIGURE 2. Coll!piti','$011 of tile ci, ,,!11th title pel'cellt
of 711n\!,, iai 1,111pein!tires 10/10?o1'11g uricc, ,, at, oil colth
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\

oL

\

\

\

\

TABLE 2. Claim'cn/ 1'80ctz'ons and Hl drill'60dJ, responses of childi'e" I'ecezbi'"g " CHA{-70 " ?, lens/es
"aCCZ"8

Clinical reactions

> 395

.~

> 40.0

> 37.5C

651206

(31.6%)

Hl antibody response

> 39. 0C

161206

(7.8%)

Scroconve r-
SIon rate

Febrile reaction

Inc

7.4

days

1631/6+

(99.4%)

G. A, I. titer

(logo

5.1

i\lax. T

38.4

C

Range
(I, g. )

3-8

Dur. F

1.6

davs

Rasll

201206

(9.7%)

Convuls

OKUNo, Y. at al. CHIV/-70 111ens/CS wills uricci, ,,

11206

(0. s%)
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2. Sei'o10g, 'cal e"Qinatt'o11
Paired sera from 164 of the 206 childreiT were

examined for the Hl antibody titers. Of the
164 .hildren 163 (99.4%) re^p. rid, d to th,
vaccine and their Hl antibody titers ITad risen
23 or more one month after the vaccination

(T, b1,2)
Fig. 4 shows the distributioiT of the Hl anti-

body, titers. Of the children \\, ho responded to
the vaccine 90% showed titers of between 24
and 26 and the median titer \\, as 2'. There

was no difference betweeiT the Hl antibody
titers following Immunization with the ITew
" CAM-70 " vaccine and \\, itIT the original
" CAM-A4" (U, d^ .t a1. , 1970b)
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DISCUSSION

o

CANl measles \, irus vaccine, \\, hich had been
further attenuated by adaptation to grow in the
chonoallantoic membranes of developing chick
embryos and purified by PIaque ISOlatioiT in
CEF at 36 C (Tataku at a1. , 1970 ; Ueda at al. ,
1970a), caused febrile reactions in half the
children vaccinated. Though it showed SImi-
Iar evidence of attenuation to Schwarz vaccine

in coinparable field trials carried out in 1969 by
the Japan Aleasles Vaccine Research Coinmis-
SIon (Japan Measles Vaccine ResearclT Coin-
mission, 1970 ; Ueda er a1. , 1970b), this incid-
ence of febrile reactions was much IlIgher than
that following vaccination by the 1<L method
(Okun. ,t a1. , 1965, U, d, .t a1. , 1966)

From studies o1\ the effects of live virus vac-

cines in man, cold adaptation of viruses was
reported to be effective in separating attenuated
variants from virulent ones. Selected cold-

adapted variants of poliovirus, Japanese B
encephalitis virus, measles virus and influenza
virus lost their virulence in appropriate experi-
mental animals, such as monkeys and mice, or

FIGURE 4. Dr'styJ'hilti'o11 of H/ filltibody t, 'tel's of
childi'e, I o11e 11,011tl, of tai' 111,111,111i'gallon guth CAM- 70
"lens/eS '11/1s uricci?Ie

3 45678

Hl antibody titer (log2)
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lost their ability to grow at higlT temperature
(Plotkin er a1. , 1961 ; Rohitayodhin and Ham-
mon, 1962 ; HDzinski et a1. , 1966 ; \Taassab,
1967)

CANT measles vaccine virus \\. as readily
adapted to grow at 26 C in CEF \\, ithout step-
\^Ise 10\^ering of the incubation temperature.
This may, be because the \, accine \, irus had
previously been purified by PIaque Isolation
I. ;'o animals are suitable for testing the virulence
of measles virtis. \, 1011keys are the only
animals \\, hicli can be infected with measles

virus, but they sho\\, few symptoms of infection.
So, the cold-adapted variant of CA\, I measles
vaccine \, Irus \\'as tested clinicalIy in healthy
childreiT after confirming that it was safe by
tests in cynomolgus monkey's, as \\, Ith the origi-
nal vaccine

As presented in this report, tlie Incidence of a
febrile reaction due to thc lie^. " CAN1-70 "

vaccine decreased to about 30y, , \\, hereas tlie
original\, accine caused a febrile reaction in 50%
of the cltildren. Ho\\. ever, there \\. ere no dif-
ferences between the two \, accines in tlTe mean
values of the febrile reaction such as the maxi-

mai temperature or duratioi\ of fever in children

\\. ho developed a febrile reaction. It is, at
present, unknown \\, by, the intensity of the
febrile reaction \\, as not different, but it may be
the result of that children may have the variety
of threshold against a febrile reaction.

The antibody, responses of the children re-
ceiving the " CAI\{-70 " measles vaccine \\, ere
satisfactory for the following reasons : I) the
sero-conversioiT rate \\, as over 997, , 2) the
geomctric mean Hl antibody titer, measured by
the micromethod, \\, as 25, and this titer \\, ould
be around 2'-2' if measured by the neutraliza-
tioi\ test (Ueda at a1. , 1971a), 3) a follow-up
study, o1, the children jinmunized \\, ith the
" CAI\T-A4 " measles \, accine showed that

neutralizing antibodies induced by one injcc-
tion of live measles virus vaccine \\, ere stable, as
reported ill the associated paper (Ueda et al. ,
1971 b)

Development of this cold-adapted live me as-
Ies \, irus \, arccine " CAA1-70 " \\, hiclt causes

it\^er clinical reactions than CANl-A4 and other

strains and is 111glily Immunogenic in Itealthy
children, should facilitate much more preven-
tioi\ of measles than thc present
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