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U\, IN^ARY Since the development of the ne\\, flirther attenuated 11\, e measles
virus \, accine " CAI\'I " and jinmunizatioiT tests on it iiT children, a 2 years clinical,

and one year serological follow-up sttidies have been carried out.
The clinical follow-up revealed tliat the protective efficacy, of CANl measles virus

vaccine \\, as neai. by, complete in over 800 children. The results of the setological fol-
low-up were as follows: I) Neutralizing antibodies induced by one injection with
CANl measles virus vaccine remained stable in home-dwelling children in an area with
natural measles, 2) In hospitalized handicapped children \\, ho were not exposed to
measles, I, IglT neutralizing antibody titers one 11.0nth after vaccination tended to be
lower one year later, \\, heI'eas 10\\, antibody titers remained unchanged.

INTRODUCTION

The newly developed, further attenuated live
CANT strain showedIn Gasles virus vaccine

similar evideiice of at tenuatioit to fLirther at-

tenuated strains produced In otlier countries
and induced a good antibody response (Japan
\Teasles \;accine Researcli Commission, 1970 ;
Leda at a1. , 1970c).

The previous reports on folio\\.-up studies in
children jinmunized by the KL method of vac-
cination showed that measles ITeutralizing
antibodies persisted \\, ell and that it might be
possible to provide life-long immunity (Sang-

ka\^Ibha et a1. , 1971 ; Ueda at a1. , 1969a and
1970a). The KL method, ho\^ever, has the
disadvantage that 2 injections \\'itIT killed and
live \, irus \, accines are necessary. Recently
there has been a demand in Japan for a method
of prevention of measles by one Injection of live
virus \. accine

The foilo\\.-up study, reported in this paper
was planned to confirm the protective efficacy
of one Injection of the further at tentiated live
measles virus vaccine developed by our gorup.
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A1ATERIALS AND METHODS

I. Postn! qiiest, 'oil"nil'es

Questionnaires were sent to the parents of vac-
cinees one and 2 \, ears after vaccination to survev

the incidence of measles among children \\'ho ITad
received CAM measles vaccine, as described pre-
*. IOUsl\, (Ueda at a1. , 1969a)

2. Sc, o10gicn/ exaiii, ,I'll'o11

Blood specimens \\'ere collected from a total 148
children one year after \. accination. Neutralizing
antibody titers in the paired 148 serum specimens
obtained one nTonth and one year after \, accination
were itteasured simultaneousl\' b\, 11. e micrometllod

(Ued", 1971)

3. Vncci, ,e, s

Follow-ups \\. ere nTade o1, the follo\^ing 3 groups
of children : Group A; 37 hospitalized handicapped
children \\. ho recei\. ed CANl-A4 measles vaccine in

December, 1969 and January, 1970 (Ueda at al. ,
1970d). Ten of these children \\ere immune before
the vaccination. All 37 children \\. ere examined

serologically one I'ear latel
Group B ; 6881tome-d\\ elling healtlT^ childrei, who

received CANl-A4 measles \, accine in 1969. This

group included 57 children \\. ho received a combina-
tion of CANl-A4 measles virtis vaccii. e and live, at-

tenunted mumps virus vaccine (Ued:I at a1. , 1970c;
Yamanishi at a1. , 1970). Blood specimens fronT 67
children \\. ere available for. setological analysis one
Year later

Group C ; 116 ITome-dwelling ITenlthy, childreil
who received CANl riteasles \, irus \, accine in 1968

(Ueda at a1. , 1970b). Blood specimens front 44
childrei, were available for setological analysis one

Year later

RESULTS

I. Gini^^all0//o20-14/1

I) Hospitalized children
Handicapped children in Shin-!\'Iukogawa

Hospital \\, ere vaccinated in December, 1969
and January, 1970. Since theIT newly admitted
children have also been jinmunized \\, ith CAL, I-
A+ measles vaccine and Ilo cases of measles ITave

occurred in the ward \\. here the children are
cared for.

2) Home-dwelling children
Questionnaires were sent to the parents of

children in group B one year after \, accination
On 1970) and to thus" of gro"p C .ne On 1969)
and 2 years (in 1970) after vaccination.

As showiT in Table I, the parents of about
25% of the children in group C reported that
there had been cases of measles in their neigh-
bouthood in the 2I, ears after the vaccination
One and 2 years after \-accination, respectively,
3% and 9% of the parents reported that their
children had been in contact \\, itIT cases of me as-

Ies, but none of the children contracted measles.
11T group B, 377, of the children were in an

area \\, here there \\, as an outbreak of measles

and 17% of the children came in contact \\, ith
cases of measles. However, only one of the 688
children developed clinical symptoms of nTeas-
Ies and these \\, ere in general mild and the

TABLE I

jJeni's)
Plotectzbe offcaO, of C, M measles uriccz'"e (Results of quest tonnnz}83 of tel. I and 2

Group
and

Vaccine

B CANl-A4

C CAM

Vaccination
in

C CA!\I

Yea, (,)
aftei

vaccination

1969

1968
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1968

No. of
vaccinees

surveyed
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2

955

No. of
ans\\ ers

128

688

(72. 0%)
116

(90.6%)
98

(78.4%)
125

No. of
measles

cases

(0.15%)
o

(0%)
o

(0%)

I\Ieasles
cases in

neighbour-
h. ,d (yes)

257

(37.4%)
26

(22.4%)
24

(2+. 5%)

Contact
with measles

cases (yes)

119

(17.3%)
4

(3.4%)
9

(9.2%)



course of the disease was shorter thaiT that of

typical measles.

2. Sei'o10g!half0!/o70-ip
I) Hospitalized children
A comparison of the neutralizing antibody,

titers one montlT and one I, ear after vaccination
is shown in Fig. I. I*;'o child had a neutralizing
antibody titer one I, ear after vaccination which
increased 4-fold or more thaiT that one nTonth

after \, accination. The figure shows that ITigll
antibody, titers one month after \, accination
decreased in one year more thail 10\\ er ones
This is sho\\. n more clearly in Table 2. The
clTildreil \\'ere divided into t\\. o groups \\ ith
antibody titers of under 2' ' and over 2G ' after
one month. A decrease in the antibody titcr of
4-fold or more was seen in 209', of children in
the first group and in 59% of those in the
second group. NIOreover, the decrease in tl\e
geometric mean antibody, titer of childrei\ in tllc
second group \\, as about 3 fold that of cliildren

TABLE 2. Deci. ease of newti. anti'itu anta'body,
tz'tel. s in hospz'tall:sed hand^^ripped chzld, t" one
j, erri' after 27nm!, it 2:3ntz'on tel'th Gaily/-H4
171eQs/es uriccz'Me

Antibody titer
after I montlt

,

00
o

10

9

8

Rate of + fold or

greater decrease

.-

co
..

--.

(a) G. \I. titcr
after I month

(b) G. A1. rite,
after I Year

(a) I (b)

>. co

-. >
J. -,

*_ 7

6

5
.-.

C.

to co

cots 4
.

N

under 26 "

,-.

I "".

I. 001

ok ..

in the first group.
Children \\. ho were immune before vaccina-

tion ITad higlT neutralizing antibody titers at the
time of \, accination. Half of them sho\\ ed 4

fold or more decrease in the antibody titer, like
the vaccinated children

"

2/10
(20.0%)

L_
.-.

.

co
Z

3

2

over 26.5

25.3

I 2 3 4 5 6 7 8 9 10

Neutralizing antibody titer (log, )
after I month

FIGLRr I. Coilipm'110, , of I, !"ns/CS 11, !It Intr$111" nilt!'-
budJ, 111, is ill nosyi'tonic, d 11n, liftdpped childi'an I
1110/11/1 "I'd I I'm! of tel' 1111"!11,113nli'o11 EU'!/! CHILI-, 4
ill, ns/es a^acc!,!e 111 1969.

. = Childi e, I 1'11i, 1111/11*ed EC, 'ill CHILI-, 4 111ens/, s
a"CCJ, ,,

X =, 111,111n, , CAIld, ',,! 6</01'e tncCi'JiniJ'o11

10/17
(58.8%)

24.8

o

2) Home-dwelling chi7di. eii
The neutralizing antibody, titers of children

in group C one montlT and one year after \, acci-
natioi, are compared in Fig. 2, and those of
cliildreii in group B are shown in Fig. 3

Fig. 2 and 3 sho\\, that cllildren \\, ho had a low
antibody, titer after onc month tended to sho\\.
+-fold or more increase in antibod\, titer one

Year later, while those who had a higll antibody
titer tended to sho\\ a decrease of antibody, titcr
one }, ear later. Ho\\. ever, in most children
there \\. as no difference in the antibody, titers
one month and one after vaccination.year

This Increase in ai\tibody, titer onc year after
vaccination in a\, bc due to Inappearent re-
infection \\ ith \\, 11d virus

Fig. 3 also sho\\ s that the antibodies induced
by one injectioi\ of a combinatioit of measles
and mumps 11\, e \, lrus \, accines persisted as well
as on Injection of measles \, irus vaccine alone

Children \\ ho received the ESC strain, a
further attenuated live measles virus vaccine

produ. ,d in th" L;. S. S. R. (Chum^k. v, 1967)
as a control in the clinical test in 1969 (Takaku
et a1. , 1970) sho\\. ed a similar persistence of anti-

2' '

./

..*

2, ,

,I, , ,

I

I

..

25.5

X

..

2' "

,
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A4 measles virus vaccine (Fig. 3)
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DISCUSSION

I~~

The symptoms or clinical reactions to further
attenuated live measles virus vaccines are milder

than those to attenuated live measles virus vac-

However, the antibody titers induced
by, the former are lower than those induced by
the latter, and it was uncertain whether the
antibodies induced by further attenuated live
measles \, irus \, accine persisted.

The protective Gillca^, of the further at-
tenuated live measles virus vaccine " CA^, I

shown in this report \\, as nearly complete in
enviroments \\, here 20 to 40 7, of the vaccinated
children \\, ere exposed to natural measles in the
one or 2 year period of observatioi\ after vac-
cination

11

N

Do
o

10-

~.-..

.-

co
-.

9-

8-

cines.

~, 7
> to
t, co
O>
,.
~-
.
co.

co
00=
C to
N

6-

5,

to
L-
.-.

.
co
Z

4

3

2

I

,co

I

co a, co .
co co,

o

a

co

On analysis of the I}Gutralizing antibody
titers, it \\, as found that, in general, those of
home-dwelling childreiT persisted \\, ell. Boos-
ter antibody responses \\, Ithout clinical evidence
of measles \\, ere observed in children \\, Ith rela-

tively 10\\, antibody titers, as reported previously
in children who had been vaccinated by the
KL math. d (Uad, at a1. , 1969^ and 1970, ) and
in the mothers of children with natural measles

(Lieda at a1. , 1969b). 1< rugmaiT also reported
this phenomenon (Krugman at a1. , 1965). In
children in the hospital \\, ho were not exposed to
natural measles, the pattern of antibody persist-
ence was rather different from that of home-

dwelling children \\, ith a chance of exposure to
natural measles. As showiT in Fig. I and
Table 2, antibody titers \\, hich \\, ere above 26-5
one month after vaccination decreased more

rapidly than those \\, hich were bel0\\, 26-0.
NIOreover, 509', of the children \\, ho ITad natural
measles before vaccination also showed 4 fold or

more decrease in antibody titer in one year
This follow-up period is still only one year,

but these data suggest that the antibodies in-
duced by immunization with further attenuated
vaccine \\, 111 persist for a long time even when

FIGURE 3. Corn*aiiso?, of filens/es Helm'anal', Ig nilti'-
body titeis of fro, ,!e-dare//ing childi e, ! I 1110/1th rind I j, erri
rifler 1,111,111",*0ti'o11 colt/, CalV/-A4 111etts/es zincci, Ie 111
1969

. =,', 1111/11, ,,'sed reft/I CAM-44 111e"$1es uricci', Ie
O =ill!I"11ni$ed it^it/I Gaily/-a4 711eas/CS find 117:e

'11/11/1ps once, ,Ie
x =full, runi$ed wit/, ESC 111ens/es ORCc, ', Ie

a,

I 2 3 4 5 6 7 8 9 10

Neutralizing antibody titer (log2)
after I month

co

co

I

,

I

250 BIKEN JOURNAL V01.14 No. 31971



the vaccinees are not exposed to natural meas-
Its. Sanghawibha .t a1. (1971) report, d ^Imjin"
findings that the neutralizing antibody, titers
after KL vaccination declined rapidly in the
year following vaccinatioiT to a level \\, hich \\, as
subsequently maintained \\, itIl scarcely any
further decline. In the recent report by
Krugman (1971), the geometric mean Hl
antibody titer of institutionalized children \\, ho
received the Schwarz strain of measles vaccine

declined rather rapidly than that of children
who contracted natural nTeasles or \\, ho received
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