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uMMARY A rubella epidemic occurred in an institutional population composed
of 189 susceptible, 37 naturally immune, 35 previously vaccinated and 38 sero-

logically Lincharacterized children and nursing staff. The epidemiclasted 3.5 months
and showed more than 5 waves. Detailed clinical and serological examinations of
these subjects \\. ere made. A raslT appeared in 156 (521",) of 299 persons, in duding
145 (87%) of 166 unvaccinated and setologically uricharacterized subjects, but not
in the 72 immune persons

In the middle of the 3rd \\, ave urgent \, accination of 61 children aged O to 2 years
of the susceptible group reduced the rate of appearance of a rash to 11 of the children
(18%), as compared \\, ith 126 (98%) of 128 subjects in the unvaccinated non-immune
group. The epidemic only reached a 4th wave in the \, accinated group, but it
extended to a 5th \\, ave or more in unvaccinated subjects. None of the 35 subjects
in a previously vaccinated group developed rubella, although the rate of subclinical
reinfection in this previously vaccinated group was higher (35%) than that in the
naturally immune group (1796). Three cases of subclinical reinfection were detected
even among 6 previously ^evaccinated subjects.

INTRODUCTION

The purpose of immunization \\, ith live rubella
vaccine is mainly to prevent \\. omen of child-

bearing age from producing in alformed babies.
But it is also important to increase the popula-
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tion of immune children and thus indirectly to
decrease the chance of rubella virus infection

Thus immunization hasin pregnant \\, omen.
been performed in the USA since 1968. it

children fromis also important to prevent
infection with ' ' the exanthematous disease
of childhood ' ' rubella.

Several workers have reported that vaccine-
induced immunity persists for many years and
that this immunity is effective against clinical
rubella (Chang at a1. , 1970; Horstman at al. ,
1970; 0gra et a1. , 1971). However, no precise
comparison has been made between \, accine-
induced and naturally acquired immunity

This paper reports a rubella epidemic in a
closed population in the Osaka district, Japan,
where the serological status of almost all persons
was known, the protective effect of live rubella
vaccine " Biken " when given by previous vac-
cination or by urgent vaccination, the Teten-
tion of vaccine-induced or naturally acquired

and the booster effects observed inImmunity,
different jinmunological groups during this
rubella epidemic.

3 . Vaccine a, Id ruder mat, 'o71

Live rubella \, accine " Biken ", \\, hich \\, as pas-

saged and attenuated in Japanese quail embryo
fibroblast (QEF) cells as reported elsewhere (Mine-
kawa at a1. , 1973) was used throughout the study.
The vaccine \\, as injected subcutaneously into the
upper arm

iVIATERIALS AND METHODS

RESULTS

I . Popi, /ation wild, bd

A total of 244 healthy children of O to 15 years
old institutional ized in two separate buildings in
the Osaka district, Japan, together with 55 nursing
staff were studied clinicalIy and serologically during
a rubella epidemic. In building A, 95 babies of
O to 2 years old and 32 children of 13 to 15 years
old lived on the 1st and 2nd floors, respectively,
while 117 children of 3 to 12 years oldlived in build-
ing B. Fifty-five nursing staff were attached to the
two buildings, working in both. The physical con-
dition of the children was checked daily by pediatri-
cians and the nursing staff.

2. Sei o10gicol ussay of I 116e//a

Blood specimens were taken from children and
nursing staff before, within I week and several \\, eeks
after the appearance of the 1st case of rubella.

Serological assay of the rubella antibody, titer was
performed by the hemagglutination-inhibition (Hl)
method as described before (Suzuki at a1. , 1973).

I . A rwbe//a epidemic ill dn Institt, tio"all^ed
population

On March 8, 1976, rubella developed in a
6-year-old girl in building B at the time of a
severe rubella epidemic outside the institution.
The route of introduction of rubella virus into

the population is unknown. The jinmuno-
logical status of the population within one week
after the appearance of this 1st case was as
follows: Among 127 subjects in building A,
there \\, ere 108 susceptible (857, ), 9 naturally
immune (77, ) and 10 previously vaccinated
(89',); ,in, rig 117 subj. or^ in building B ther,
were 51 susceptible (447, ), 3 naturally jin-
inun, (3%), 25 wadnat"d (217, ) and 38
serologically uricharacterized (32%) subjects ;
and there were 30 susceptible (5570) and 25
naturally immune (4570) staff members (Table
I). As a 2nd wave of the epidemic, two cases
of rubella occurred on the 1st HOOT of building
A on March 21 and 24, 1976, respectively,
where the O- to 2-year-old babies and 13- to
15-year-old children were accomodated to-
gether with the 55 nursing staff, who also
worked in building B. Within I week after
this 2nd wave of the epidemic, 95 of the O-
to 2-year-old babies and 55 of the nursing
staff were examined for serum Hl antibody
titer against rubella. All the children and 30
of the nursing staff were found to be setonega-
tive.

The biweekly incidence of the epidemic is
summarized in Fig. I. The epidemic reached
peaks in the 8th and 12th weeks in the A and
B buildings, respectively.

A t. toI of 156 (52y, ) of th. 299 t. toI, and
145 (877, ) of 166 an^ceptible subjects, includ-
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TABLE I

Instzti, 1,011

Ni, ?, 16ers of 2nd^^Ith, a/s ECz'th cfinztn/ INbe//a lit un?tons 2711/7/14no/0",'cal "youps in the

Building

A

Age in years
(Total number)

B

A, B

Total number

(Attack rate)

O-2

(95)
13-15

(32)

Non-immune

Urgently Unvac-
vaccinated cinated

11/61 32/34

o 13/13

3 -12

(117)

60

Nursing staff
(55)

1561299
(52%)

50

co 40

o 30

re
U

~-.

o

L_

co
r.
r'
F~

Immune

Previously Naturally
vaccinated Immune

' 20

o

11161
(18%)

51/51

10

o

30130

2 4 6 8 10 12 14

T!me in weeks alter outbreak of rubella epidemic

FIGURE I. Bi\\eekly incidence of cases of clinical
rLibella among 299 subjects. lit all 156 subjects
showed a rash. I^, building A; I^I, building
B

0110

0125

o
o

1261/28
(98%)

o

Unknown

019

013

0125o

epidemic in the vaccinated group stopped in
the 4th \\, ave and a rash appeared in ISVu
(11161), \\, hereas in the unvaccinated control
group, including 30 ntirsing staff, the epidemic
extended to a 5th wave and a rash appeared
in 95% (62164) persons' Blood specimens
were taken from persons in both groups and
tested for rubella Hl antibody before the
rubella outbreak in building B and 4 weeks
after the 5th wave of the epidemic. As seen
in Table 2, subclinical infection was seen in
only one of 32 subjects tested in the control
group, excluding one person \\. ho was not in-
fected, as revealed by the Hl test. The ge-
ometric nTean titer of antibody (GMT) in the
vaccinated subjects who showed no clinical
manifestations was higher than that observed
previously in subjects vaccinated at a time
when there was no epidemic (ATinekawa at al. ,
1973, 1974, 1975). This higher titer is POS-
SIbly due to the sum of the titers resulting
from subclinical infection and vaccination.

3 . Rete"ti'0?I of H/ antibody and the pro^C-
title t!ah, e of tiffcci', 1,110?I set!e, 'a/ yenrs 6</07e the
02,167eak of on epiofe"12C

Some children of 3 to 15 years old in both
buildings had been vaccinated against rubella
several years before this rubella epidemic.

0135
(0%)

ing jinmunologically uricharacterized subjects
suffered clinical rubella

2. 7/2e plotecti?!e Drift, e of tugent offcc, '?Intio"
di, rang the 7146el/a epidemic

As shown in Fig. 2, during the 3rd \\, ave
of the epidemic, live rubella vaccine \\, as
urgently inoculated into 61 seronegative O-
to 2-year-old babies in building A. The

,

I

o

o

,

I

I

I
I

-,

0137
(0%)

19138

o

(

19138
(50%)
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FIGURE 2. Daily incidences of clinical rtibella in bLiilding A in 61 vaccinated and 64 unvaccinated control
subjects. In the vaccinated group the epidemic stopped at the 4th wave and only 11 cases (18%) de-
veloped a rash, \\, hile among tinvaccinated subjects it lasted to the 5th \\. ave and 62 cases (95%) of clinical
rubella were seen. I^, 0- to 2-}, ear-old children; it. , nursing staff

o

IV

Days after vaccination

April. 1976

TABLE 2. Seroco"?)eitz'on of se, 'onegottbe rubyects by fiatttra/ anIectz'on or by urgent o0ccz'"at30n
dull'"g rubella outbreak

18

10

V

Rubella Hl
titers after

epidemic

20

512

256

128

64

32

16

8

<8

Clinical
rubella

May. 1976

Unvaccinated

Seroconversion rate

5

15

7

3

o

o

o

GMT (2")

10

No apparent
symptoms
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o

o

o
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31131

7.6

Clinical
rubella
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6

3
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o

o

o

1/2

3.0

No apparent
symptoms

3

17

8

7

3

o

3
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11/11

8.3

41141

70



co

E

~ 256

;: 128
co

2 to 25 years afIer vaccination

=

E 64

" 32

16

8

or <8

in
L_

co

E

T

E
co

L,

<8 8 16 32 64 128256 <8 8 16 32 64 128256 <88163264128256
Rubella H antibody titers 5 to 6 weeks after vaccination

FIGURE 3. Retention of rubella Hl antibody after administration with live rubella QEF \, ticcine was tested
at the indicated times, before the present rubella epidemic. Sixteen, 30.8 and 55.6% of the vaccinees
showed +-fold decrease lit Hl titer 2 to 2.5, + to 4.5 and 6 to 8 years after vaccination, respectively

No remarkable clinical reactions, such as fever, protected children against clinical manifest a-
rash or other side effects, \\, ere detected after tions of the disease

the \, accination. As shown in Fig. 3, during Six initially rubella seronegative persons
the periods 6 to 8.4 to 4.5 and 2 to 2.5 years vaccinatcd more than 5 to 8 ears beforc this
before the present epidemic, their Hl anti- rubella outbreak were revaccinated I to 4 years
body titers decreased 4-fold in 5 of 9 subjects later. As shown in Fig. 5, booster effects of
(55.6y, ), 5 of 13 ruby, .ts (30.89',) and 4 of 25 revaccination were seen in 2 (33.3%) of these
subjects (16.0y, ), respectively. However, anti- 6 persons. Their Hl antibodies \\, ere also
rubella immunity was retained througlT thc retained without marked decrease for. more
8th observation year without substantial dc- than 4 years after rcvaccination and they
cline in the titer, and none of these subjects showed no clinical manifestations of rubella

showed an^ clinical manifestations of rubella during the present epidemic, althou h sub-
during the epidemic. clinical reinfection, evidenced by antibody in-

crease, was seen in 3 (50%) of the 6 revaccinees.
4. Boostei. ofect of expost, I. e to rwbe//" on uric- Thus it seems unlikely that revaccination \\, as
cane-171di, ced or Naturally acqt!ii'ed 11nmit"IIJ very effective in decreasing the occurrence of

In Fig. 4, the antibody levels of \, accinated reinfcction on exposure to natural rubella
and naturally infected persons before and after
the epidemic are compared. A booster effect
(4-fold or greater increase) was detected in
34.87, of the vaccinated subjects and in 16.7%
of the naturally immune children. All subjects
with rubella Hl antibody levels on the border-
line (I : 8 antibody titer), showed a booster
effect, irrespective of \\, he ther their primary
Immunity was induced by \, accination or by
natural infection. But even comparatively
low levels of pre-existing antibodies effectiveIy
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DISCUSSION

The aim of rubella immunization is to provide
girls directly \\, ith immunity to rubella and to
prevent congenital rubella by providing in-
direct protection of nTothers \\. ith rubella-
susceptible children, because direct vaccination
of susceptible \\, omen of child-bearing age
seems to be accompanied by a considerable risk.
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In all, 35% and 17% of the vaccinated and naturally jinmLine groups, respectively, \\, ere reinfected. Sub-
jects who had Hl titers of less than I : 32 in the two groups tended to show a booster response
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It is also of \, alue in preventing children from
" the eruptive disease of childhood " rubella.

Live rubella \, accine should be safe and

potent, and the immunity induced should be
high, long-lasting and effective against natural
rubella infection. From the results of this

field-study we conclude that urgent vaccina-
tion is safe and effective since it reduced the
number of rubella cases among \, accinees,

judging by comparison \\, ith the number of
cases among unvaccinated controls in the closed
population. These findings support the data
of Furukawa at a1. (1970). In an open popula-
tion where contact of susceptible subjects with
cases of rubella is much less, urgent vaccina-
tion must be even more effective than in this

closed population. Moreover it could be used
for children in institutions, hospitals, kinder-
gartens or schools.

\\;ith regard to persistence of immunity,
none of the children \, accinated previously or
jinmunized by natural infection developed
clinical rubella, although some with rather low
antibody titers showed a booster response, the
rate of \\, hich was higher in \, accinees than in
naturally immune children. Routine adminis-
tration of a second dose of rubella vaccine is

not recommended, because it was ineffective
in enhancing resistance to reinfection, as shown
in Fig. 5, us rep. rt. d by \\, yll at a1. (1971)
and Brandling-Bennett at a1. (1976).
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