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SUMMARY

We followed students in eight elementary schools for rubella antibody from 1993 to 1996 (602 pairs)
and 1996-9 (588 pairs) in Gyeonggi Province, Korea. We tested rubella IgG and administered
rubella vaccine to the children with the titres <10 IU/ml. The loss rates of rubella IgG during the
follow-up periods were 14-3 and 15-8 %, respectively. Among vaccinated groups, the loss rate was
18-8 %, which was significantly higher than 13-8 % of the mixture of natural and vaccine-induced
immunity groups. The group that had the lower preceding antibody titre had a higher loss rate
of 24:8 % compared to 7-2% for the group whose titre was 40 IU/ml or above. In a multivariate
analysis, age and gender were not related to antibody loss rate. Under this higher rubella antibody
loss rate, in order to prevent congenital rubella syndrome, the immunization for women at
childbearing age appears necessary until rubella can be eliminated or controlled.

INTRODUCTION

The primary objective of a rubella immunization pro-
gramme is to prevent the congenital rubella syndrome
(CRS) [1]. For this purpose, vaccine-induced rubella-
specific immunity should persist to and throughout
childbearing age in women. Several studies have
shown that vaccines induce long-lasting antibody re-
sponses of up to 23 years [2]. Many studies argue that
the antibody loss rates differ with vaccine strains and
study areas where wild rubella viruses circulate [3, 4].
However, the difference was very small. The annual
antibody loss rates varied from 0 to 1% and most
studies report about 0-5% [5-9]. However, even in
the closed population, the annual antibody loss rate
was 0:67 % [2]. One of the reasons for similar antibody
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loss rates in those studies was that the vaccination
schedules were similar to the early 1970s. Long-term
follow-up studies provide good information, but the
subjects were vaccinated 10-20 years ago, so there is
no useful information about the durability for recent
vaccine-induced immunity. A recent report using a
study area with high vaccination coverage where im-
munity was induced by two doses of measles, mumps
and rubella (MMR) vaccine showed the proportion
with rubella virus-specific IgG antibody titres below
15 IU/ml were 31 %. This was the titre 15 years after
the first vaccination and 11 years after the second
vaccination [10]. This demonstrates that rubella re-
infection could occur in those with reduced immunity
[11-13], and if occurring during pregnancy, may cause
congenital rubella syndrome [14-16]. Therefore, the
rubella sero-epidemiological study should be con-
cerned with the lower immunity group, who could be
infected, and the recent vaccine-induced immunity
group in the 1990s.
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In Korea, rubella had not been a notifiable disease
until 2000, and CRS was not a notifiable disease until
now. There is insufficient data on the incidence of
rubella and CRS. Like measles and mumps, rubella
has also occurred as periodic epidemics every 4-—5
years. In outbreaks during March—April 1996, 4581
cases of rubella were reported to the national centres
by a temporary surveillance system [17]. This out-
break also occurred among the vaccinated student
population. At that time, the incidence rate was at the
highest, 67-5 per 100000 in the group aged 15-19
years, and next highest at 44-7 per 100000 in the 10—
14 years old age group. The cause was presumed to
be the low vaccine coverage rate and waning of the
immunity induced by the vaccine. From the mid-
1980s, MMR vaccines were generally used in Korea.
Additionally, since 1997, a second dose of MMR vac-
cine has been recommended to children aged 4-6
years. We could not clearly pinpoint the cause of the
outbreak and cannot anticipate how often outbreaks
will occur among the vaccinated population.

In this study, we report the antibody loss rates,
including the immunity by vaccination in 1993 or
1996, and the related factors in Korean children. We
observed 602 and 588 children in eight elementary
schools during 1993—6 and 1996-9, respectively.

METHODS
Study subjects and samples

Study areas were in the Gyeonggi Province which
borders on Seoul, the capital of Korea. We selected
eight elementary schools according to location, four
of which are located in rural areas, and the rest in
urban; and each of them are located to the east, west,
south and north of Seoul. The eight elementary
schools were 10-50 km from the border of Seoul.
We surveyed these schools repeatedly in 1993, 1996
and 1999. Questionnaires were completed and blood
samples were taken for serology tests. In 1996 and
1999, we followed the students who participated in the
survey 3 years previously. After testing for rubella
virus-specific 1gG antibody, we notified the results
to the teachers and the parents of all study subjects.
For students whose IgG antibody titre was negative,
we administered the rubella vaccine free of charge and
then determined rubella virus-specific IgG 2-3 months
later.

A detailed flow chart of the first survey and the
follow-up survey is shown in Figure 1(a, b).
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Questionnaires

We surveyed the demographic characteristics and the
vaccination history by using questionnaires. In the
questionnaire, age, gender, and identification number
of the students, monthly income, education levels and
occupations of parents, status of mandatory vacci-
nations by vaccination records, and the histories of
vaccine-preventable disease infection were included.
Since the study subjects were elementary school
students, their parents completed the questionnaires.

Vaccination

Two kinds of rubella monovalent vaccines were admin-
istered to the rubella virus antibody-negative children.
The vaccine strains were Takahashi and Matsuura,
which were manufactured by the Kitasato Institute of
Japan and Osaka University of Japan, respectively.
The vaccines of Takahashi strain were administered in
schools of the west and south in 1993, and in schools
of the east and north in 1996. Those of Matsuura
strain were administered in the remaining schools.

Serological tests

With the informed consent of the parents, blood
samples were obtained through venepuncture. The
sera were separated and stored at — 70 °C until tested.
Rubella virus-specific IgG antibodies were measured
quantitatively by use of commercial immunoassay
kits (IMx‘@ Abbott, USA for 1993 and 1999, and
Enzygnost® Behring, Germany for 1996). Although
they were not evaluated in a Korean population, the
sensitivity, specificity and accuracy of Abbott’s IMx
were 99-9, 98-9 and 99-8 %, respectively [18]. For the
Behring’s Enzygnost, the sensitivity and specificity
were 100 and 98-5 %, respectively [19]. According to
our tests with the two methods for quality control,
there were no significant differences in titres of IgG
between IMx and Enzygnost.

Specific IgG positivity indicates having immunity
against rubella. However, there are various opinions
on the cut-off level which equates with immune status.
In this study, we determined the titre 10 IU/ml or
above as positive, according to the Rubella Sub-
committee of the National Committee for Clinical
Laboratory Standards (NCCLS) [20].

Statistical analysis

We analysed the data using the Statistical Package
SPSS 10.0 for Windows. We used a 5% significance
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Fig. 1. Flow chart of the study, Korea (a) 1993-6, (b) 1996-9. * Rubella test was carried out (¢) 3 months, (b) 2 months

after vaccination.

level. Rubella virus antibody negative samples were
excluded in computing geometric mean titre (GMT)s.
We used the 2 test for comparing the antibody loss
rates. We fitted the logistic regression model for esti-
mating the adjusted odds ratios.

RESULTS
General characteristics of study subjects

Questionnaires and serological surveys were carried
out in eight elementary schools in 1993, 1996 and
1999. In 1996, we followed 602 students who were in
grades 1-3 in 1993. In 1999, we followed 588 students
who were in grades 1-3 in 1996. The follow-up rates
were 59-5% for 1996 and 59-6% for 1999. Non-
respondents who did not participate in the follow-
up surveys were students who transferred to other
schools. The school year distributions by survey year
were not different (Table 1).

The age range was 6—10 years, and the distribution
of age was not uniform. Gender distributions by survey
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year were not different. The study subjects were 563
students (47-3%) for urban areas and 627 students
(52:7%) for rural areas. Socioeconomic status was
measured by parental education level, which was de-
termined by the higher level between the mother and
the father. Parental education levels became higher
according to the consecutive survey years; the per-
centage at middle school and below was 22:4% in
1993 and 10-7% in 1996 (Table 2).

Among the rubella virus antibody negative students,
9 of 20 seroconverted during the follow-up period,
but none of the seroconverted students were reported
with clinical rubella symptoms in the questionnaire
or the surveillance system. The school-based surveil-
lance system for infectious disease was developed
and managed by the authors since 1997. About 70
representative schools throughout Korea including
these eight elementary schools participated in this
surveillance system, and the data were collected every
week by teachers of schools using fax or the Internet.
Therefore the subclinical rubella infection must have
occurred during the follow-up period (Fig. 14, b).
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Table 1. Number of subjects and follow-up rates by school years

School years at  First survey in  Follow-up survey Follow-up First survey in  Follow-up survey  Follow-up
the first survey 1993 (n) in 1996 (n) rate (%) 1996 (n) in 1999 (n) rate (%)
First 343 204 59-5 331 191 577
Second 331 187 56°5 330 192 582
Third 337 211 626 325 205 631

Total 1011 602 59-5 986 588 59-6

Table 2. Demographic characteristics of subjects by surveys
1993-6 1996-9 Total

pairs tested

pairs tested pairs tested

Characteristics n % n % n %
Age at the first survey
6 80 13-3 36 61 116 9-7
7 192 319 183 31-1 371 315
8 209 347 201 342 410 34-5
9 112 18-6 163 27-7 276 23-1
10 9 1-5 5 09 14 1-2
P* 0-000 0-000 0-000
Gender
Male 310 515 306 52:0 616 51-8
Female 292 485 282 480 574 482
P* 0-463 0-322 0-223
Area
Urban 278 46-2 285 48-5 563 47-3
Rural 324 53-8 303 51-5 627 527
pP* 0-061 0-458 0-064
Parental education level
< Middle school 135 22:4 63 10-7 198 16:6
High school 324 53-8 294 500 618 519
> College 87 14-5 112 19-0 199 16-7
pP* 0-000 0-000 0-000
Missing 56 9-3 119 20-2 175 14-7
Total 602 100-0 588 100-0 1190 100-0

* P value obtained by y? test.

Rubella IgG antibody loss rates

The rubella IgG antibody loss rate during the follow-
up periods was 15-:0% (176/1170) (95% confidence
interval 13-:0-17-2 %). The differences between the fol-
low-up periods were not significant (P=0-488). The
antibody loss rates by age and parental education
level were not significantly different in both the 1993—
6 and the 1996-9 follow-up. Antibody loss rates in
urban areas (16-1 %) were higher than those of rural
areas (12:7%) in the 1993-6 follow-up, but signifi-
cantly lower in the 1996-9 follow-up (11:2 %, 20-2 %).
However, it was caused by the different loss rates
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by the schools and the survey years. In urban or rural
areas, the antibody loss rates were significantly dif-
ferent by the location of the schools. Particularly, the
east rural schools had the lowest antibody loss rate
(1:7%) in the 19936 follow-up, and the east urban
schools had the lowest antibody loss rate (12 %) in the
1996-9 follow-up. In the 1993-6 follow-up, the west
urban and rural schools had the highest antibody loss
rates, 27-8 and 27-6 %, respectively. The loss rates of
males were higher than those of females in the 1993-6
and 19969 follow-up, and the overall differences
were significant (P=0-039). The antibody titres in the
first survey were significantly related to the antibody
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Table 3. Rubella IgG antibody loss rates during 3 years by related factors

1993-6 1996-9 Total
Pairs % antibody Pairs % antibody Pairs % antibody
Characteristics tested loss tested loss tested loss
Age at first survey
6-7 268 14-2 217 12:0 485 13-2
8 208 159 194 18-0 402 16-9
9-10 119 11-8 164 183 283 15-5
P* 0-593 0-144 0-293
Gender
Male 306 16-3 295 18-0 601 17-1
Female 289 121 280 13-6 569 12-8
P* 0-141 0-149 0-039
Location of school
East Urban 68 206 81 1-2 149 10-1
Rural 58 1-7 105 19-0 164 12-8
West  Urban 54 27-8 65 10-8 119 185
Rural 76 27-6 59 18-8 135 237
South Urban 70 10-0 62 19-4 132 14-4
Rural 97 93 72 19-4 169 13-6
North Urban 81 99 70 15-7 151 12:6
Rural 90 11-1 61 24-6 151 16-6
pP* 0-000 0-005 0-054
Immunity type
Vaccine-induced 147 20-4 141 17-0 288 18-8
Mixture of natural and 448 12-3 434 15-4 882 13-8
vaccine-induced
pP* 0-014 0-654 0-043
Preceding IgG titre (IU/ml)
10-39-9 230 24-3 291 251 521 24-8
>40-0 365 79 284 63 649 72
p* 0-000 0-000 0-000
Total 595 14-3 575 15-8 1170 15-0

* P value obtained by y? test.

loss rates (P= <0-:001). Among the low titre group
(10-39-9 IU/ml), the antibody loss rate during the
follow-up periods was 24-8 %, which was higher than
the 7-2 % loss rate in the high titre group (=40 TU/ml).
We classified the immunity type of students into two
groups; the vaccine-induced immunity group was com-
posed of students who seroconverted by vaccination
after the rubella antibody test in the first survey, while
the mixture immunity group was composed of vaccine-

between age at the first survey and the survey year was
not significant. So, the model for multiple logistic
regression analysis was:

Logit(Ab loss;)
=f,+ B, survey year+f3, age
+ 3, gender + 3, preceding Ab titre group
+ B35 immunity type+ f¢_;5 school (1-7)

or natural infection-induced immunity, which had a
rubella antibody titre > 10 IU/ml in the first test of the
survey. The vaccine-induced immunity group had a
significantly higher loss rate than that of the mixture
immunity group in the 1993-6 follow-up (Table 3).
Among the related factors, age at the first survey
and the location of the schools showed interac-
tion with the survey years. However, the interaction
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+B13.19 Survey year x school
+e; (i=1, ...,1170).

The age at the first survey was also not related to
the antibody loss rates in the multivariate analysis.
Contrary to univariate analyses, gender was not
significant in the multivariate analyses. The preceding
antibody titre was significant and the odds ratio in-
creased from 4-2 in the univariate analyses to 9-4 in
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Table 4. Crude and adjusted odds ratios (OR) on
rubella virus antibody loss rates™*

Crude  Adjusted
Variable OR OR 95% CI
Age 1-1 0-96 0-80-1-2
Gender (M/F) 1-4% 12 0-85-1-7
Preceding antibody titre  4-27 9-4 6:2-14-7
(10-39-9/40 TU/ml)
Immunity type 1-4% 3.7 2:4-5-7

(vaccine-induced
/mixture of natural
and vaccine-induced)

* Model: Logit(antibody loss;)=p,+/; survey year+},
age+f; gender+pj, antibody titre group+pfs immunity
group + f¢ 12 school (1 ~7)+ f13 19 survey year x school +e¢;
(i=1,..., 1170).

+ P<0-05.

multivariate analyses. The immunity type was also
strongly related to the antibody loss rate, and the
odds ratio increased from 1-4 to 3-7 in the multivariate
analyses (Table 4).

Rubella virus-specific IgG antibody titre

During the follow-up periods, the subjects with de-
creased titres were 82-4 and 79-3 %, in the 1993-6 and
the 1996-9 follow-up, respectively. The subjects with
increased titres of 1- to 3-fold, which had a booster
effect from the subclinical rubella infection, were 14-3
and 19-4%, respectively. The subjects with fourfold
increased titres, which indicates that they had rubella
reinfection, were 3-3% in the 1993-6 follow-up and
1-4% in the 1996-9 follow-up. The GMTs of the
subjects in the first surveys before vaccination were
252 1U/ml in 1993 and 20-8 IU/ml in 1996. After ru-
bella vaccinations to rubella virus antibody negative
students, the GMTs increased to 48-1 and 39-0 IU/
ml in 1993 and 1996, respectively. However, during
the follow-up periods, the GMTs decreased to 27-4 and
22-5 IU/ml, respectively. The GMT differences among
the decreased titres group were 21-2 and 17-2 IU/ml,
which indicate that the annual decrease in titres was
7-1 IU/ml during 1993—-6 and 5-7 IU/ml during 1996-9
(Table 5).

Seroconversion rates by strain were not different
between Takahashi and Matsuura, 99-3% (438/441)
and 98:5% (449/456), respectively. GMTs after vacci-
nation were significantly different between Takahashi
and Matsuura;in 1993, 108-7 and 59-1 IU/ml, respect-
ively, and in 1996, 97-2 and 34-7 IU/ml, respectively
(Kietal.).
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DISCUSSION

Rubella virus-specific IgG antibodies induced by ru-
bella vaccine (Takahashi and Matsuura strains) have
been maintained at a protective level for 3 years with
81 % of the vaccinees. Mixture immunity of the natu-
ral infection and the vaccine-induced have been main-
tained at 86 %, which was significantly higher than
that of the vaccine-induced immunity group.

In this study, the sera were tested immediately after
the survey. However, we could not use the same
ELISA tests in both time periods, which could have
been a source of measurement bias. Thus, a statisti-
cal test was performed for comparing two ELISA
methods; IMx and Enzygnost. The subjects for the
test were 12 pregnant women who were on a regular
check-up visit. We collected the data from one hos-
pital. The sera were diluted 1in 2, 1in4 and 1 in 8 and
tested by the two ELISA methods. Using the mixed
model for repeated measures data, we performed a test
to see whether the results of the two ELISA methods
differed [21]. There was no significant difference be-
tween the results provided by the two ELISA tests
(P=0-5915).

In this study, the age distribution of subjects was
not uniform because the survey used children from
grades 1-3, and the students who entered school a
little earlier or later could be included in those grades.
Therefore, we analysed the data by groups aged 6-7,
8 and 9-10 years of age. The area distribution was not
significantly different because we selected the subject
schools by area. As urbanization increased in Korea,
two rural areas changed into cities in 1999. However,
we analysed the data by first area classification be-
cause the two schools remained in a rural community.
The percentage of parents who graduated from high
school and beyond were 68-3 % in 1993, and 69-0 % in
1996. However, the percentage of those who gradu-
ated from middle school and below decreased from
22:4% in 1993 to 10-7 % in 1996. As time passes, the
education level of the population increases. The per-
centage of subjects who were included in the missing
group would also differ in education level.

In this study, the antibody titres induced by the
Takahashi and Matsuura rubella vaccine strains also
dropped after 3 years. The difference between Taka-
hashi and Matsuura vaccines was not calculated. Most
studies that used RA27/3 strain reported a long-lasting
antibody titre [8, 9, 22]. However, one paper reported
that antibody levels dropped significantly in 6 of 15
cases, 24—27 months after revaccination [23]. Another
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Table 5. Rubella IgG antibody titres by surveys

Rubella antibody loss rates in Korean children 563

1993-6 1996-9 Total
Characteristics n % n % n %
Titre decreased 496 824 466 79-3 962 80-8
1- to 3-fold increased 86 14-3 114 19-4 200 16-8
4-fold increased 20 33 8 1-4 28 2:4
n 1U/ml n 1U/ml n 1U/ml
GMT* at first survey before
vaccination 562 252 588 20-8 1149 229
GMT at first survey after
vaccination 602 48-1 588 39-0 1189 43-3
GMT at follow-up survey 602 27-4 588 225 1189 24-9
GMT differences among
decreased 496 212 466 17-2 962 19-2

* GMT, geometric mean titre.

Japanese rubella vaccine, the Matsuba strain, was
shown toinduce immunity for 23 yearsin a closed popu-
lation, exceptin 4 cases (15:4 %), which had reverted to
rubella antibody negative [2]. In this study, lower titre
was strongly related to the antibody loss rate. So the
titre after immunization can be a proxy variable for
estimating the antibody retention duration.

One report based on a population study in Korea
has shown the rubella infection rate in pregnant
women was 0:9% (95% CI 0-4—1-8 %) and the overall
positive rate of rubella IgG antibody detected by
MEIA was 94:5% (826/874). Moreover, the positive
rate significantly increased as age increased, and
reached 100 % in pregnant women who were over 35
years old, indicating that a large number of women
are infected during their childbearing years [24]. The
subjects of that report were part of the unvaccinated
population so the immunity was from natural infec-
tion. Therefore, the percent of those susceptible and
the low titres increases as the percent of vaccination
coverage increases and natural infection decreases.

In Korea, universal immunization of children of
both sexes to suppress the circulation of the virus
started in the 1980s. However, the selective immuniz-
ation programme for schoolgirls and non-immune
women at childbearing age was not in place. In 1994,
the selective immunization programme for high-school
girls started. As a result, the rubella outbreaks con-
tinued and in 1996, a nationwide outbreak occurred.
The vaccination coverage rate for MMR among
these subjects was 85-5% in 1996 and 83-0 % in 1999,
respectively. Although, a two-dose programme with
a combined vaccine against measles, mumps and
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rubella has been recommended since 1997, the vacci-
nation rate for the second dose was below 30 % [25].
From our results, the loss rate of vaccine-induced im-
munity was high. Therefore, the immunization rate
was not high enough to be able to protect against the
rubella epidemic.

Rubella re-infection has been reported in both nat-
urally and vaccine-induced immunity [26, 27]. Rare
cases of re-infection with rubella have been reported
in mothers who had been confirmed to have rubella
antibodies acquired by natural infection or vacci-
nation [14, 15, 28]. Such problems may be resolved
by the elimination of rubella. So, until that time, in
order to prevent congenital rubella syndrome, the im-
munization for women at childbearing age appears
necessary.
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