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uMMARY A clinical follow-up \\, as made for 4 years on 230 children vaccinated
by the combined use of killed (K) and live (L) measles vaccines and a serological

follow-up \\, as made in the third year after vaccination. Only 3 mild cases of measles
occurred among these children. The protective efficacy \\, as ITighest and almost
complete in the 1<L group, intermediate in the 1<KL group and lowest in the 1<KK
group.
A serological follow-up 3 years after vaccination revealed that the pattern of antibody
persistence in the 1<L-inhalation group \\, as more stable than in the other groups ;
the 1<L-injection group and the 1<KL and KKK-L groups.

INTRODUCTION

In previous papers of this series (Okuno at al. ,
1965a, 1965b and Ueda at a1. , 1966) \\, e de-
scribed the results of vaccinatioit of 500 child-
Ten \\, ith killed and live measles \, accines in

Hamakoshien housing site (populations 20
thousand, in Nishinomiya city) and in ALUyuen
kindergarten in 1964 and 1965. The small
quantity of antibody induced by killed vaccine
reduced the clinical reactions to live \, accine

accompanying with a increased antibody titer.
Even \\, ith a IlIgh antibody titer after administ-
ration of killed vaccine, o1\ inhalation rather
than injection of live vaccine a further in-
crease in antibody titer was observed without
any clincial reaction.

A follow-up was made by postal inquiry, in

Hamakoshien ITousing site for 4 years from
1965 to 1968. Blood specimens \\, ere collected
from \, accinees in ATuyuen kindergarten and
in Hamakoshiei\ 110using site for measles anti-
body analysis in the third year after vaccina-
tion. Vaccinees in Hamakoshien housing site
with 10\\' neutralizing antibody titers \\, ere
challenged \\, it IT live measles \, accine by the
inhalation Inethod.

This paper presents tlTe results of clinical
and serological follow-up studies of the \, acci-
nees jinmunized \\, ith killed and live measles
vaccines.
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A, IATERIALS AND METHODS

I. Postal 111qiJi'y

Postcards were sent every year from 1965 to parents
of \, acciness In Hamakoshien housing site, \\, ho were
generally well educated, asking \\, he ther their children
had contracted measles. Parents were also asked
whether there had been any measles epidemics in
the area. If their children had contracted measles,
they, \\, ere asl<ed to describe tlTe doctor's diagnosis
and the date of contraction and to describe the
symptoms briefly

2. Sero/ogica/ Exa, "1110t, 'o11

A, lensles antibody titrations were done following
the overnight neutralizing test (Toyoshima at al. ,
1965). Post L sera (one month after live \, accine
administration), sera 3 years after live vaccine admin-
1st ration (or before challenge \\, ith live vaccine) and
sera after challenge witlt live vaccine (one month
after Ii\, e vaccine challenge) \\, ere stocked at - 20 C
before tests, and were titrated simultaneously to
permit accurate comparison.

RESULTS

I . COMtractz'on of Measles ofte^ Pdccz'"at10n
A total of 230 postal inquiry cards were sent

to parents of vaccinees in Hamakoshien housing
site in August 1965 and 174 answers \\, ere re-
CGived. The numbers of answers decreased
year by year partly because parents moved from
the housing site. Table I shows the 4 years'
results. In the KL group one case of measles
occurred in 1967, in the KKL group one oc-
curred in 1966 and in the KKl< group one
occurred in 1967. All3 cases were mild. One
case was arebrile with exanthema of the ex-

tremities. Among all the vaccinees surveyed,
cases of measles occurred in the second and
third years after vaccination, but not in the
first and fourth years' There were measles
epidemics in Hamakoshien housing site every
year but since no cases of measles occurred in
the fourth year after vaccination it seems that
if vaccinees are in danger of contracting measles
they \\, ill do so in the second or third year
after vaccination, and the remaining children
will be conferred a firm immunity.

2. Sei. o10gz'cal Andly, $23
Thirty blood specimens were collected from

vaccinees in Muyuen kindergarten and in Ha-
makoshien housing site in Nlay 1967, and their
measles neutralizing antibody titers
measured.

3. L!'"e AJIeos/es ,acc, ',!e Challenge
Preliminar}, titration of sera 3 years after \, ticcina-

lion revealed that 5 children ITad low antibody titers
in Hamakoshien housing site. These children \\, ere
challenged \\. ith " Live Measles \/accine BIKEN

Lot C " (Iyophilized chick amnion \, accine of Toyo-
shimn strain, 10' ' Tcl0, ,10.1 inI) by the inhalation
method for 40 seconds. Blood specimens \\, ere again
taken from 4 of them one montlT after challenge with
live \, accine

TABLE I. PI'otectt'tie adjcncy of COM1bzhed All/ed rind late ?itens/es o0ccz'"us
(Results of 4 yeai. s postal anqm}j, an the Hamakoshz^n howsz'rig site)

Vaccine

KL

KKLa

KKK

KL-L

KKK-L

Total

No. surveyed
in 1965

Uacci', ratz'o11, bet"eeliiV/ay alld Oct. , 7964 (a: beta!eeli Dec. , 1964 and Feb. , 7965)

149

49

8

7

17

230

1965 1966 1967 1968

CasejAnswer (%) CasejAns\^er (%) CasejAnswer (%) CaselAnswer (%)
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01/14 (0)

01 37 (0)

01 6 (0)

01 S (0)

01 12 (0)

01174 (0)
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01/08 (0)

1132 (31)

01 6 (0)

01 5 (0)
01 10 (0)

11161 (06)

1191 (11)

01 29 (0)

11 5 (200)

01 4 (0)

01 9 (0)

21138 (14)

\\, ere

01 73 (0)

01 20 (0)

01 2 (0)

01 I (0)

01 7 (0)

01/03 (0)
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FIGURE I

Pre PostK PostL

I) 1<L-inhalation group
As sho\\, n in Fig. I, all 15 vaccinees Iru-

in unized with a single dose of 1</11ed vaccine
followed by live \, accine inhalatioiT a month
later had ITeutralizing antibody titers over 24.
The patterns of persistence of antibody lit this
group \\, as stable, and there \\as only a 4 fold
reduction in the meal\ titer. No \, accinee

sho\^ed an increased titer.

2) 1<L-injection group
The antibody levels of 6 vaccinees Im-

in unized \\, ith a SIgle dose of 1</11ed vaccine
followed by live \, accine InjectioiT a month
later are sho^, n in Fig. 2. ThouglT the pattern
of antibody persistence \\, as less stable thai\ that
in the KL-inhalation group, neutralizing anti-
body of over 215 \\, as detected in all cases.
3) KKL group

Sera \\, ere collected from 5 children vac-
cinated \\, ith 2 doses of killed vaccine followed

by live vaccine by Injection or Inhalation at

Afens/es liei, !intrs!'Iru '11/1'body 111ei's of 15 CAIldi'eJi 3 ye"13 riftei' 1111"!,, 1113ni, o11 2,111i KL-!,,/IdiotioJr

monthly intervals. The pattern of antibody
similar to that in the 1<L-persistence \\, as

injection group, as shown in Fig. 3. In this
group there was no difference in the patterI\ of
antibody persistence after Injection and inhala-
tion of live \, accine, as observed in the 1<L
group.

4) 1<KK-L group
The children vaccinated \\, ith 3 doses of killed

vaccine at intervals of 2 \\. eeks between May
and June 1964 inhaled live vaccine in October
1964. Four of them \\, ere available for serolo-

gical follow-up. Fig. 4 shows the patterns of
persistence of their antibody titers \\, hich were
also less stable and were similar to those shown

in Figs. 2 and 3.

3. Cfinicnl ftnd Serologz'cal Re$ponses to Labe
Pncct'"e Clifflle, Ige

Of 30 vacdnees available for antibody analysis
5 \\, ith 10\\, neutralizing antibody titers in May

3 years later

UEDA, S. at al. Foilotu-up of KL Measles Vaccinees 71
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FIGURE 2. Measles liewti'an*illg dirtJ'body titers of 6 childi'e, ! 3
case shoreed a boostei' yespo, !se to 110e Docc, ',, e challenge.

Pre PostK PostL

1967 were challenged \\, ithlive vaccine, BIKEN
Lot C, by the inhalation method. None of
the 5 children showed any clinical reaction.
Blood specimens \\, ere collected from 4 of the
5 children. The booster responses are shown
in Figs. 2 and 3. Three children \\, ith anti-
body titers bel0\\, 2' responded to live vacdne
and their antibody titers increased after one
month. The other child witlt an antibody titer
of 24 resisted cliallenge with live vaccine.

DISCUSSION

In our experience, an attack of measles is fol-
lowed by life long immunity, though details
of the mechanism of persistence of immunity
are not clear. The observation of Panum
(1939) in the Faroe Islands sho\A, ed that measles
immunity persisted for at least 65 years without
re-exposure to the disease. The data of Black

3 years later
Post challenge of live vaccine

yea, s ofter 1711mi, ,, 13ntr'o11 refill KL-fluecti'o11. 011e

and R'S, n (1962) in Thahitiand of B. ch (1960)
in Greenland showed stable persistence of
measles antibody, following natural infection.
Our seroepidemiological survey in Thailand
(1967) and that of End. rs-Ruskl. at al. in \\,. st
German^ (1965) rev, itd that nearly 100 per
cent of adults had detectable measles antibody.
These data suggest that persistence of measles
antibody following natural attack is life long.
A booster infection, however, may be important
in maintenance of antibody in areas where
measles epidemics occur. As we reported
elsewhere (Leda et a1. , 1969), booster infec-
tions of measles were observed in mothers with
low neutralizing antibody titers when their
children had measles. Krugman et a1. (1965)
and Sokes at a1. (1961) reported similar
phenomena in children. It, now seems that
I) measles immunity following natural infec-
tions persists for many decades without re-

72 BIKEN JOURNAL V01. 12 No. 2 1969
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FIGURE 3. Alens/es liei, !1,113i, I" antibody 111ers of 5 ch, 7drei, 3 yen, s riflei 11,111,141J, sulfo, I "!'!/, KKL
shotued booste, ' relyo, !s" to line uricci'lie challenge.

P re Post L

Post KK

infection, even on re-exposure, and 2) measles
antibody titers are increased by booster Infoc-
tions in areas \\, Ith epidemics, and so measles
antibodies are detectable in almost every adult.

Immunity following measles \, accination is
probably maintained in the same \\, ay as after
natural measles infection. In the present
survey of childreiT vaccinated \\, itI\ killed and
live measles vaccines, measles antibodies of
children in the 1<L-inhalation group \\. ere
maintained very stably. Antibodies in the
children in the KL-injection, 1<1<L and KKK-
L groups were less stable than in the 1<L-
inhalation group, but high levels of antibodies
were detected in all cases. Some children

showed increased antibody titers 3 years after
vaccination \\, ithout having suffered clinicalIy
detected measles. Experimental booster res-

clincial reaction \\, ere\\, Ithout anyponses

\
.\

observed, as shown in Figs. 2 and 3. These
results may account for the occurrence of only
3 mild cases of measles among 230 vaccinecs
surveyed for 4 years after vaccinatioi\ \\, ith a
combination of killed and live vaccines, as
^h. wn in T^b1, I. 1<"ugman at ^I. (1965)
reported that the pattern and persistence of
antibody response \\, as similar following natural
infection and vaccination with a single injection
of live vaccine and that one Inoculation of

potent live vaccine would be followed by life
I. rig immunity. Brody at a1. (1966) rep. rt, d
that two years after vaccination, in spite of the
booster effect of natural measles, the titers

among those \\, ho received in activated vaccine
plus live vaccine had falleiT to 10\\, or undetec-
table levels in more thait half of the \, accinees,

suggesting that this combination might not
produce lasting protection. In our present

Post challenge of live vaccine
3 years later

2 cases

UEDA, S. er al. Foliotu-up of KL Measles Vaccinees 73
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FIGURE 4. Measles liei, null*,'Jig aliti'body t, 'tel's of 4 chi7di'e, I 3
Intel, a/ betzuee, I KKK alld L tons 41,101,111s

Pre PreL PostL

(Post KKK)

study, however, the patterns of antibody per-
sistence of childreiT \\. ere stable, especially in
the KL-inhalation group and life long jin-
in unity \\, ill be conferred by KL-inhalation
without \, accination measles just as by live
vaccine alone \\, ith vaccination measles

The difference between the antibody per-
SIStence in the KL-inhalation group and in the
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