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UMA. IARY A scrological and clinical follow-up \\. as made for 5 years on 230 children
varccinated by the combined use of killed and live measles vaccines. Neutralizing

antibody titers persisted well during this period, though booster responses by natural
infection occurred in children whose antibody titers decreased to relatively 10\\, levels
bet\^cen 3 and 5 years after vaccination. Three mild cases of measles occurred am o1\g
thc \, accinees 2 and 3 ycars after vaccinatioiT but no further cases Ilavc occurred since
then although thcre I\ave been measles CPIdemics in the area.

INTRODUCTION

The previous paper of this series reported the
results of a 3 year serological and 4 year clinical
follow-up on children \\, ho \\, ere jinmunized
by th. combined us* of klikd (K) and lire (L)
measles vaccines (Ueda at a1. , 1969a). Measles
neutralizing antibodies were detected in all the
vaccinees \\ ho \\, erc tested setologically. A1Tti-
body persisted at a 111gher level in the 1<L-
inhalation group (jinmunized \\. Ith a single dose
of K followed by L inha!at 101\ a month later)
than in the other groups, ITamel\., the 1<L-in-
jection group (L \\, as injected instead of in-
hared) and th* 1<KL and KKK-L group, (2
or 3 doses of K \\, etc injected before L ad-
ministration). Three mild cases of measles
occurred among the \, accinees 2 and 3 years
after vaccination.

The present paper describes results of ad-
ditional scrological and clinical follow-up

the children jinmunizcd withstudies on

killed and live measles vaccines.

ATATERIALS AND I\IETHODS

Sei'o10gicn/ Exa, ,, liraiioii

Fifty five blood specimens were collected fron\ the
vaccinees in I\Iu} uci. 1<1ndergarteit and in Hama-
1<0shieiT housing site in January, 1970. Antibod}.
titration \\. as done folio^. ing aiT overnight iteutraliz-
ing test (Toyoshima at a1. , 1965). To obtain coin-
parable results and to correct for experimental
fluctuation lit the antibody. titers, diluted rabbit
hyperImmLine seruin \\. Itit a mealt neutralizing
antibody titer of 2' ' \\. as included in uriclT antibody
titration
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Other materials and methods were as described

in the previous paper (Ueda at al. , 1969a).

RESULTS

I. Copytr@ctt'on of measles a/tel' t!@cci'"atto"
A^ report, d previ. usIy (U, d, at a1. , 1969^)

and as shown in Table I, cases of measles only
occurred in 1966 and 1967 and there were no

cases in 1965,1968 or 1969 although there were
measles epidemics in the area in these years'
All 3 childreiT who contracted measles had

of killed vaccine 2 or 3received injections
years previously, but their symptoms were
milder than usual.

2. Serology'cal analysts
The neutralzing antibody titers of 122

vaccinees at intervals after vaccination are

shown in Fig. I , After administration of live
vaccine all the children tested had antibody
titers of over 2' ' after 3 years and of over 23-5
after 5 years'

The geometric mean ITeutralizing antibody
titers of children in the different groups (KL-
inhalation, 1<L-injection, KKL-inhalation,
KKL-injection and KKK-L-inhalation groups)
are shown in Fig. 2. The geometric mean
antibody titers decreased 4 to 8 fold in 3 years
from their values one montli after vaccination.

In the period between 3 and 5 years after vac-
cination, the geometric mean titers increased
2 to 4 fold over those 3 years after vaccination
in all the groups. The patterns of persistence
of neutralizing antibody were similar in all the
groups, though the increase in titer was greater
in children vaccinated by injection of live vac-
cine than in those vaccinated by inhalation of
live vaccine.

Fourteen of the 122 vaccinees were available

for continuous serological follow-up for 5 years
after vaccination. The patterns and per-
SIStence of the neutralizing antibody responses
after vaccination in individual children are

shown in Fig. 3. The antibody titers dec-
Teased in the first 3 years after vaccination in
all but one child whose antibody titer a month
after injection of live vaccine was lower than
that before the injection. In the next 2 years,
the antibody titers of half the children inc-
Teased again, though these children showed no
symptoms of measles. Three of the children
with increased antibody titers had no contact
with cases of measles during this period. The
two children indicated by arrows in the figure
inhaled live vaccine 3 years after vaccination.
A child whose antibody titer was at the low
level of 22 0 showed a marked increase in anti-

body titer a montlT after challenge with live
vaccine but developed no clinical reactions.

TABLE I. Pi'otecttbe 4.65caty of combt'"atto" of halled and lit:e riteos/es Doccz'Mes (Results of 5 yeais
postal anqi4t7y in the Hamakoshie" howst'"g sate)

Vaccine

KL

KKL"

KKK

KL-L

KKK-L

Total

No. surveyed
in 1965

I'dcc, '"@tz'on ; bettuee, I May and Oct. , 1964 to : bettt:ee" Dec. , 1964 and Feb. , 1965)
b : No. of measles cases/No. of ans\^ers
c : percent of cases of measles among vaccinees

149

49

8

I

17

230

1965

01/14b (0)"

01 37 (0)

01 6 (0)

01 S (0)

01 12 (0)

0117+ (0)
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1966

01/08 (0)

1132 (31)

01 6 (0)

01 5 (0)

01 10 (0)

11161 (06)

Year of inquiry

1967

1191 (11)

or 29 (0)

11 5 (200)

01 4 (0)

01 9 (0)

21138 (I. +)

1968

01 73 (0)

01 20 (0)

01 2 (0)

01 I (0)

or7 (0)

01/03 (0)

1969

0153 (0)

0119 (0)
01 I (0)

01 I (0)

01 9 (0)

0183 (0)
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Another child whosc antibody titer \\, as very
high (2fi ') did not respond to challenge \\, ith
live vaccine.

5 years
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DISCUSSION

Panum (1939) reported that measles immunity
after ITatural infection persisted for more than
60 years on isolated islands. Antibodies after
natural infection and vaccination with at-

tenuated virus persisted at fairly 11igh titers for
at least 5 to 8 years even without re-exposure or
re-infection (Bech, 1960 ; Black and Rosen,
1962 ; 1<rugman at a1. , 1965 ; Lepow and
Nankervis, 1969).

However, as reported previously, booster
infections or reinfections without symptoms
were observed in mothers when their children

had mon^its (U. d^ at a1. , 1969b). Thus in
areas of measles epidemics booster infections

I-)
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A

Imonth

(7)
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(-)

I-)

.

I-)

I-)

I?I

.

!?!
I-I

,-.

A

A

3 years

,.
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probably occur when the antibody titer dec-
Teases to a 10\\, level.

The present results also show the persistence
of immunity conferred by the combined use of
K and L. The neutralizing antibody titers of
children jinmunized by the combined use of
K and L were still high 5 years after vacci-
nation, though \\, hen the antibody titers dec-
Teased to relatively low levels 3 to 5 years after

occurredvaccinatioiT booster Inresponses

children even when they did not come into
contact with cases of measles.

account for theThese observations may

results of the clinical follow-up of vaccinees ;

BIKEN JOURNAL V01. 13 No. 3 1970
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3 cases of measles occurred 2 and 3 years after
vaccination but there have been no further cases

since then. Altered reactions to measles virus

were reported in recipients of killed \, accine
(Fulginiti at a1. , 1967), but all 3 cases \\CTe
milder than in cases of regular measles.

Almost all \, accinees received jinmtinity to
live virus by the 1<-L method (a single dose
of K followed by L inhalatioiT or injection),
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