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ABSTRACT

Objectives The aim of this study was to investigate the
immunity against rubella using the serological status of
rubella-specific 1gG antibodies (antirubella IgG) in Korean
women of childbearing age (1549 years).

Design Retrospective cross-sectional study.

Setting Population-based cross-sectional study in South
Korea.

Participants Between January 2010 and December
2017, test results from Korean women aged 15-49 years
who had visited an obstetric private clinic (nationwide
institutions) and had requested rubella-specific IgG
antibody tests from Green Cross Laboratories were
obtained from the laboratory information system.

Results Between 2010 and 2017, antirubella IgG test
results from 328 426 Korean women aged 15-49 years
who had visited private obstetric clinics (1438 institutions
nationwide) were retrospectively analysed by tested year,
age, cohort and geographic regions. Over the 8-year study
period, the rate of unimmunised women ranged from 7.8%
t0 9.7%. Multivariable-adjusted logistic regression models
showed that the odds of being immune to rubella (positive
and equivocal results of antirubella IgG test) were lower
in 2017 compared with 2010, in women in their 40s, in

a pre-catch-up cohort and in women living in Incheon,
Busan, South Gyeongsang, North and South Jeolla and
Jeju provinces (p<0.0001).

Conclusions In consideration of the factors associated
with prevalence of women unimmunised to rubella,

future public health efforts should be focused on catch-
up activities. The results of this study could be used to
strengthen disease control and prevent rubella, including a
nationwide immunisation programme.

INTRODUCTION

Rubella disease is caused by rubella virus
(belonging to the family Togaviridae and
the only member of the genus Rubivirus)."
Although most cases of infection lead to
a mild, selflimiting measles-like disease,
the real threat arises when rubella virus
infects the fetus, particularly during the
first trimester when infection can lead to
miscarriage or congenital rubella syndrome.’
Worldwide, over 100000 babies are born
with congenital rubella syndrome every year,

,"2 Yejin Oh," Youngju Oh," Sung Ho Kim," Sang Gon Lee,’

Strengths and limitations of this study

» The main strength of the study lies in its sample
size, due to the fact that it is a nationwide study with
one of the broadest samples to date in South Korea.

» The study provided a recent information of the se-
roprevalence of antirubella IgG that have not been
available at this scale before.

» The huge sample size of this study allowed for pre-
cise information of the age-related seroprevalence
of antirubella IgG and this study provides valuable
information for establishing a catch-up vaccination
programme in South Korea.

» One limitation of this study was the lack of detailed
clinical information; however, seroprevalence stud-
ies are an essential tool to monitor the efficacy of
vaccination programmes, to understand population
immunity and to identify populations at higher risk
of infection.

and the WHO recommends that all coun-
tries that have not yet introduced a rubella
vaccine should consider doing so using
existing, well-established measles immuni-
sation programmes.” The WHO Strategic
Advisory Group of Experts on Immunization
(SAGE) recommends an increased focus on
improving national immunisation systems
in general to better control rubella.” Under
the Global Vaccine Action Plan 2011-2020,
rubellais targeted for elimination in five WHO
Regions by 2020.° * As has been reported in
Europe, suboptimal coverage levels in child-
hood (<95%) can lead to a prolonged inter-
epidemic period and to a paradoxical shift of
disease incidence towards older age groups,
including women of childbearing age, with
a consequent increase of congenital rubella
syndrome.” Serosurveys may represent an
effective instrument to measure infection-
induced and vaccine-induced immunity in
a specific population, and serosurveys can
effectively support strategies aimed at elimi-
nating the disease.”

BM)

Choi R, et al. BMJ Open 2020;10:¢030873. doi:10.1136/bmjopen-2019-030873 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-8266-2248
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2019-030873&domain=pdf&date_stamp=2020-01-02

The incidence of rubella infection in South Korea
was 107 cases in 2000 that decreased to 7 cases in 2017,
corresponding to incidence rates below 0.1 per 100000
persons according to the Infectious Diseases Surveil-
lance Yearbook, 2017.° Although the exact number of
cases for congenital rubella syndrome was not available
for the surveillance book, 17 cases in 2010 of congen-
ital rubella syndrome were reported, which using the
Korean Classification of Disease code P350 for congen-
ital rubella syndrome on the Healthcare Bigdata Hub
by the Health Insurance Review and Assessment Service
(HIRA).” According to the reported measles and rubella
cases and incidence rates by WHO member states, 0-3947
confirmed rubella cases corresponding to incidence rates
of 0-11.54 per 1000000 total population were reported
in 2018 in the western pacific region.

In Korea, a rubella vaccination programme using the
measles, mumps in rubella (MMR) vaccine has been
included in the national immunisation programme since
1985 for disease control and prevention.” A second MMR
vaccine dose was introduced in 1997, and a catch-up
measles-rubella (MR) vaccine for school-aged children
was introduced in 2001.° In 2002, a two-dose MMR
keep-up programme through the verification of vaccina-
tion history was introduced at elementary schools (6-7
years).” A new vaccination policy was formed by the
2012 Military Healthcare Service, and since then, MMR
vaccines have been routinely administered to all new
recruits early in basic training.'” The national guidelines
in Korea regarding ascertainment of rubella immunity
are based on laboratory evidence for rubella antibodies
and the Korea Centers for Disease Control and Preven-
tion recommends that women of childbearing age whose
antirubella specific IgG is negative should receive 1 dose
of the MMR vaccine although they did have histories of
rubella vaccination (total numbers of vaccination in one
individual should be <3).!

Although there have been several studies on rubella
in Korea, most of the studies have only been focused on
surveillance of newly identified cases, seroprevalences
of rubella IgG in children or had been conducted in
the early 1990s.” ' *'° Although a recent meta-analysis
assessing global seroprevalence of rubella among preg-
nant and childbearing age women, no data from Korean
populations were included in the study.” In a recent
16-year review of seroprevalence studies on rubella,
only one Korean study on children and adolescents was
included.” To our knowledge, no recent data have been
collected on rubella immunisation status with rubella-
specific IgG antibodies in Korean women of childbearing
age in a large study population, which could provide basic
knowledge on nationwide immunisation strategies. Green
Cross Laboratories is one of the largest referral clinical
laboratories throughout South Korea that has its own bio-
logistics and provides clinical specimen analysis services
including rubella-specific IgG antibody tests to nationwide
clinics and hospitals. According to the provider data on
the National Health Insurance Statistical Yearbook 2017

published by HIRA in South Korea, 1319 private obstetric
clinics and 1433 hospitals with or without obstetric clinics
are providing health services.'” Among a total of 91545
healthcare providing institutions (public and private),
4.1% (3746 institutions) were public or national provider
institutions.'” According to the review records of delivery
by provider type in the same book, 89.9% (523/582) of
delivery institutions nationwide were private obstetric
clinics and hospitals.'”” Among the 358285 deliveries
carried out in 2017, 93.5% (335 119) were delivered in
private obstetric clinics and hospitals."”

Therefore, in this study, we aimed to investigate the
immunity against rubella and to share baseline data for
future immunisation policies in South Korea. The aim of
this study was to investigate the epidemiology of rubella
immunisation status using serological assays for rubella-
specific IgG antibodies in Korean women of childbearing
age. In addition, we assessed rubella immunisation status
according to year and age group.

MATERIALS AND METHODS

Participants’ involvement and data collection

No patients were involved in the development of the
research question or the outcome measures, nor were
they involved in developing plans for design or imple-
mentation of the study. No patients were asked for advice
regarding the interpretation or writing of results. There
are no plans to disseminate the study results to the rele-
vant patient community.

Study populations

Between January 2010 and December 2017, test results
from Korean women aged 15—49 years who had visited an
obstetric private clinics and hospitals (nationwide insti-
tutions) and had requested rubella-specific IgG antibody
tests from Green Cross Laboratories were obtained from
the laboratory information system. Missing data for age,
sex and geographic regions were excluded. Test results
from women whose tests were duplicated were excluded.
All data were anonymised before being transferred to
analysis for age-specific, yearspecific, birth cohort and
geographical region-specific antirubella IgG seropreva-
lences. This study was conducted according to guidelines
in the Declaration of Helsinki.

Data collection

Annual incidence of rubella infection in South Korea was
obtained from reported cases in the Infectious Diseases
Surveillance Yearbook, 2017 by the Korea Centers for
Disease Control and Prevention.® Data for the incidence
of congenital rubella syndrome was obtained from the
Healthcare Bigdata Hub by HIRA using Korean Classifi-
cation of Disease code P350 in South Korea.”

Analytical procedures
All serum samples were tested for antirubella IgG
using a chemiluminescent microparticle immunoassay
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(Architect i2000SR, Abbott Diagnostics, Abbott Park, Illi-
nois, USA) according to the manufacturer's instructions.
For the rubella IgG assay, the presence of 2101U/mL was
defined as ‘positive’. Antibody levels of 0.0-4.91U/mL
were defined as ‘negative’, and antibody levels between
5.0 and 9.9IU/mL were defined as ‘equivocal’. During
the 8-year study period, the laboratory protocol was main-
tained without any changes and all tests requested for
antirubella specific IgG were analysed automatically and
tested once without retest.

Definition

Positive rubella-specific IgG results are indicative of
past exposure to rubella virus or being vaccinated.'®
Women who had ‘negative’ results were defined as ‘unim-
munised’. Women were classified as ‘immune’ if their
antirubella IgG was positive or showed equivocal results."®
Birth cohorts were defined based on the vaccination
programme: pre-catch-up, 1976-1984; catch-up, 1985—
1993 and keep-up, 21994.° The pre-catch-up (1976-1984)
cohort was women who had presumptively limited MMR
vaccination coverage with only one dose provided by the
public programme. The catch-up (1985-1993) cohort
was woman who had limited MMR vaccination coverage
but were given the MR vaccine during the 2001 catch-up
campaign.9 The keep-up (21994) cohort was women who
were candidates for the keep-up programme.’

Statistical analysis

Categorical variables are presented as frequencies and
percentages. The ¥? test was used to compare categor-
ical variables. The Cochran-Armitage test for trend was
performed to evaluate the seroprevalence of antirubella
IgG by year and cohort. Multivariable-adjusted logistic
regression models were used to estimate the OR of being
immune to rubella based on the results of the antirubella
IgG seroprevalence test for the tested years, age, birth
cohort and geographic region in South Korea. Variables
with univariate p values less than 0.05 were included as
adjusted variables for the multivariable analysis. Statistical
analysis was executed using MedCalc Statistical Software
V.18.5 (MedCalc Software bvba, Ostend, Belgium). P
values were considered significant at the 0.05 level.

RESULTS

General characteristics of the study population

Between January 2010 and December 2017, antirubella
IgG test results from 328426 Korean women age 15-49
years who had visited obstetric private clinics (from 1438
institutions nationwide) and had requested rubella-
specific IgG antibody tests from Green Cross Laboratories
were obtained from the laboratory information system
and included in the study. The numbers for antirubella
IgG results for the study subjects by each year and age
group are summarised in table 1.

Rubella immunity in Korean women of childbearing age
The overall proportion of IgG-negative women who were
defined as ‘unimmunised’ was 8.6%, and the overall

proportion of IgG-equivocal women was 15.0% and IgG-
positive women was 76.4%. Rubella-specific IgG antibody
test results with an annual incidence of rubella infection
and congenital rubella syndrome from surveillance data
by year are summarised in figure 1. There were significant
differences in the rate of unimmunised women during
the 8-year study period (p<0.05), although there was no
significant trend (p>0.05). There was a decrease in the
rate of women who had positive rubella-specific IgG
antibody results (from 81.0% in 2010 to 73.0% in 2017,
p<0.05) and an increase in the rate of women who had
‘equivocal’ results from 2010 to 2017 (11.0% in 2010 to
17.6% in 2017, p<0.05, figure 1). There were significant
differences in the rate of unimmunised women among
different age groups, cohorts and geographic regions
(p<0.05). For example, less than 1000 women had been
tested for antirubella IgG in the Gangwon province and
Ulsan.

Multivariable—adjusted logistic regression models
showed that the odds of being immune to rubella (posi-
tive and equivocal results of antirubella IgG tests) were
decreased in 2017 compared with 2010 (OR 0.63, 95% CI
0.60 to 0.67, p<0.0001) and women in their 40s (OR 0.85,
95% CI 0.79 to 0.90, p<0.0001, table 2). Among different
cohorts, catch-up (being born in 1985-1993) and keep-up
(born 21994) cohorts had higher ORs for being immune
to rubella compared with pre-catch-up cohorts (born
in 1976-1984, p<0.0001). Among different geographic
regions, women living in Incheon, Busan, South Gyeo-
ngsang, North and South Jeolla and Jeju provinces had
lower ORs and women living in Sejong city and Daejeon
had higher ORs for being immune to rubella in compar-
ison with women living in Seoul (p<0.0001).

DISCUSSION

In this study, we investigated the seroprevalence of rubella
in Korean women of childbearing age within the past 8
years. The strength of this study was the large study popu-
lation over a long study period (8 years) and the novelty
of the study population (Korean women of childbearing
age were assessed for the first time in Korea). Because
previous studies focused on the different measurement
methods and immunisation status, this suggested that
equivocal results might be due to being immune to
rubella infection;18 19 thus, the authors focused on and
analysed factors associated with those whose antirubella
IgG results were negative.

Understanding the spread of infectious diseases and
designing optimal control strategies is a major goal of
public health.””?! In the present study, the seronegativity
prevalence was 8.6% in Korean women of childbearing
age. A recent 16-year review of seroprevalence studies
on rubella assessing 97 articles between January 1998
and June 2014 had reported that seroprevalence ranged
from 53.0% to 99.8% for rubella studies.” A recent meta-
analysis of rubella among pregnant and childbearing
age women had reported that approximately 88% of the
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Figure 1 Rubella-specific IgG antibody test results with annual incidence of rubella infection and congenital rubella syndrome

from surveillance data by year (2010-2017). Percentage of rubella specific IgG results in this study (left axis) and numbers of
cases for incidence of rubella from surveillance data (right axis) are plotted against years tested.

studies conducted on pregnant women had reported a
seronegativity rate >5%, and the pooled rubella seroneg-
ativity prevalence was 9.3%.° The study had reported that
global seronegativity prevalence was of concern, consid-
ering that WHO set the rubella susceptibility threshold at
5% for women of childbearing age. Previous studies that
had been included in the meta-analysis had used more
than 1000 subjects and had been published within the
past 10 years are summarised in table 3.

The seroprevalence of rubella in Korean populations
was assessed previously in infants, children and adoles-
cents.”* "% One study on 5393 students from eight elemen-
tary schools in the Gyeonggi province, Korea in 1993,
1996 and 1996 had reported that the age-adjusted rubella
susceptibility rate was 22.9%.'* Another study performed
during the same study period had reported that rubella
antibody loss rates were 14.3%-15.8% in Korean chil-
dren." In a 2005 population-based survey in Nonsan,
Korea, age-appropriate immunisation among urban-rural
children aged 24-35 months had reported that the age-
appropriate MMR immunisation rate was 61.1%-97.4%."°
A recent study conducted between September 2009 and
December 2010 assessing seroprevalence of rubella in 295
infants and 80 of their mothers had reported that sero-
positive rates were 22.4% in infants and 98.8% in mothers
(79/80)." In that study, because none of the infants had a
history of MMR vaccination, natural infection or contact
with an infected person, it was assumed that specific anti-
bodies were passed from their mothers to their infants."”

Moreover, among the 80 mothers, 55 (68.8%) had expe-
rienced either immunisation or past rubella infection."
The historical immunisation coverage in preschool
children right before admission to elementary school,
which was evaluated based on a telephone survey,
reported 99.5% in 2001 and 97.3% of school-aged chil-
dren (catch-up cohort) were vaccinated with the MR
vaccine.”” According to the Infectious Disease Surveil-
lance Yearbook 2017, published by the Korean Ministry of
Health and Welfare and the Korean Centers for Disease
Control and Prevention, the incidence rate of rubella
from 2001 to 2017 decreased (from 0.17 per 100000
population in 2001 to 0.01 per 100000 population in
2017).° In this study, ORs for being immune to rubella
infection were higher in the catch-up (born 1985-1993)
and keep-up (born =21994) cohorts than in pre-catch-up
cohorts (born 1976-1984) which suggests that catch-up
and keep-up immunisation was effective.” The vaccine
coverage rate was maintained at >95% from 2010 to
2017 in South Korea (ranges 97.0% in 2012 to 99.8% in
2010).** No rubella outbreak had been reported in South
Korea over 8 years (2010-2017) according to the Infec-
tious Disease Surveillance Yearbook. Among the different
age groups, older women were more likely to have nega-
tive IgG results and no protection from rubella infection.
Women in their 30s had the lowest rate of IgG+ results
in this study. According to recent data from Korean
Statistical Information (KOSIS), the average maternal
age at delivery for Korean women was 32.4 years in 2016.

Choi R, et al. BMJ Open 2020;10:¢030873. doi:10.1136/bmjopen-2019-030873

5



Table 2 Association between seroprevalence of antirubella IgG (being immune to rubella)* and population characteristics

Total Immune Univariable logistic regression Multivariable logistic regression
n n % OR 95% Cl P value OR 95% Cl P value

Tested year

2010 38571 35504 92.0

2011 42002 37973 90.4 0.81 0.78t0 0.86  <0.0001 0.79 0.75t00.83 <0.0001

2012 44895 40938 91.2 0.89 0.85t00.94  <0.0001 0.85 0.81t00.89 <0.0001

2013 41756 37926 90.8 0.86 0.81t00.90 <0.0001 0.78 0.74to 0.82 <0.0001

2014 39991 36925 92.3 1.04 0.99t0 1.10 0.1368 0.91 0.86t0 0.96 0.0003

2015 41273 38026 92.1 1.01 0.96 to 1.07 0.6586 0.84 0.80to00.89 <0.0001

2016 40882 37477 91.7 0.95 0.90 to 1.00 0.0520 0.75 0.72t00.79 <0.0001

2017 39056 35387 90.6 0.83 0.79t0 0.88  <0.0001 0.63 0.60to 0.67 <0.0001
Age of women

15-20 years 3900 3672 94.2

21-30 years 124200 115693 93.2 0.84 0.74t0 0.97  <0.0001

31-40 years 190886 172470 90.4 0.58 0.51t00.67  <0.0001

41-49 years 9440 8321 88.1 0.46 0.40t0 0.54  <0.0001 0.85 0.79t0 0.90 <0.0001
Cohort

Pre-catch-up (1976-1984) 228176 205536 90.1

Catch-up (1985-1993) 94056 88887 94.5 1.89 1.84t01.95 <0.0001 1.99 1.92t02.05 <0.0001

Keep-up (21994) 6194 5733 92.6 1.37 1.24 to 1.51 <0.0001 1.50 1.36t01.65 <0.0001
Geographic locations

Seoul 65380 59821 91.5

Gyeonggi Province 131157 120183 91.6 1.02 0.98 to 1.05 0.3078

Incheon 9611 8747 91.0 0.94 0.87 to 1.01 0.1111 0.93 0.86to 1.00 0.0382

Gangwon Province 703 654 93.0 1.24 0.93 to 1.66 0.1478

Sejong City 3859 3623 93.9 1.43 1.25t0 1.63  <0.0001 1.20 1.05t01.37 0.0076

Daejeon 12496 11553 92.5 1.14 1.06 to 1.22 0.0004 1.07 1.00to1.15 0.0484

North Chungcheong Province 11186 10306 92.1 1.09 1.01t0 1.17 0.0252

South Chungcheong Province 8390 7710 91.9 1.05 0.97 to 1.14 0.2178

Daegu 14781 13473 91.2 0.96 0.90 to 1.02 0.1739

Ulsan 660 625 94.7 1.66 1.18t02.34 0.0037

North Gyeongsang Province 2075 1891 91.1 0.96 0.82 to 1.11 0.5577

South Gyeongsang Province 4426 3994 90.2 0.86 0.78 to 0.95 0.00389 0.85 0.77t00.95 0.0023

Busan 12574 11376 90.5 0.88 0.83t0 0.94 0.0002 0.86 0.81to 0.91 <0.0001

Gwangju 2035 1845 90.7 0.90 0.78 to 1.05 0.1848

North Jeolla Province 11911 10890 91.4 0.99 0.92 to 1.06 0.8031 0.93 0.87t00.99 0.0213

South Jeolla Province 13621 12233 89.8 0.82 0.77t0 0.87  <0.0001 0.79 0.75t00.84 <0.0001

Jeju Province 23561 21232 90.1 0.85 0.81t00.89  <0.0001 0.83 0.79t00.87 <0.0001

*Positive and equivocal results of antirubella specific IgG test results were defined as ‘immune’ in this study.®

Because of this, public health efforts should be focused
on catch-up activities. The results of this study could be
used as basic knowledge to support strengthening disease
control and prevention of rubella, including a nationwide
immunisation programme.

In South Korea, national guidelines in force to control
and prevention measles and rubella include national
immunisation programme and active disease surveil-
lance system.” *** MMR vaccination has been covered by
national health insurance that provides free of charge

immunisation to all children aged <12 years, and clin-
ical laboratory screening for rubella immunisation status
using antirubella-specific IgG tests in pregnant women
has been covered by the national health insurance free
of charge for women visiting obstetrics clinics.'” Suscep-
tible woman of childbearing age is indeed a priority,
and public health efforts should be focused on catch-up
activities in order to reduce the rate of susceptible young
adults, especially for all women of childbearing age.”
Gynaecologists and general practitioners should be
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encouraged to propose rubella screening for women of
childbearing age before they become pregnant to iden-
tify those women who lack rubella antibodies, whether
acquired as the result of vaccination or a natural infec-
tion.”” Finally, active surveillance from laboratories that
perform rubella immunity testing should be planned;
laboratories should notify the Public Health Authority
about every woman of childbearing age with a negative
test, and the Public Health Authority should engage these
women to promote immunisation against rubella.”” Sero-
logical surveillance is an important tool for the evaluation
of vaccination programmes and avoids the limitations of
passive disease reporting systems; this is one of the entry
points for congenital rubella syndrome surveillance,
where gaps limit the ability to monitor progress towards
its elimination.”

In this study, women living in Sejong city were the most
protected from rubella infection. In early 2007, the South
Korean government had created a special administrative
district from parts of the South Chungcheong and North
Chungcheong provinces, near Daejeon, to relocate nine
ministries and four national agencies from Seoul. Various
government programmes for encouraging more births,
such as incentives, in different regions may have affected
the results.* In this study, less than 1000 women had been
tested for antirubella IgG in the Gangwon province and
Ulsan. This may affect the per cent seropositivity of antiru-
bella IgG in the present study. Future studies are needed
to define the effect of regional differences of government
strategies on rubella seroprevalences.

One limitation of this study was the lack of clinical infor-
mation, such as vaccination history or contact history with
rubella-infected individuals. The results of this study were
prone to ascertainment bias because the study population
was based on mostly private obstetric clinics; thus, results
might be different from those obtained from individuals
using national or public healthcare providing institutions,
although the use of a population-based study minimised
selection bias.** Because the exact proportions of preg-
nant women in Korea who used public health facilities
to test for antirubella IgG, and their sociodemographics
as well as rubella vaccine coverage among the popula-
tion seeking healthcare from private and public sectors
and the proportion of pregnant women as well as the
general population seeking care from the private sector
across provinces were not available, future studies to eval-
uate those factors associated with rubella control and
prevention are needed. However, we do not yet under-
stand what surrogate markers, other than antibodies,
show longer-term cell-mediated immunity and protection
from disease." Seroprevalence studies are an essential
tool to monitor the efficacy of vaccination programmes,
to understand population immunity and to identify
populations at higher risk of infection.”” This study is
a cross-sectional study and merely descriptive analyses
were adopted in this study. The results of this study were
prone to ascertainment bias. The present study did not
include men, women with older ages or foreigners living

in South Korea. Therefore, the findings are not general-
isable to these groups. A systems-level approach to under-
standing the development and maintenance of acute and
long-term immunity to rubella and a rubella-containing
vaccine is needed.

CONCLUSION

In conclusion, this study investigated immunisation
status of rubella among Korean women of childbearing
age. Considering the immunisation status by age group
and the increased prevalence of women with equivocal
results, future public health efforts should be focused on
catch-up activities. The results of this study could be used
as foundational knowledge for strengthening disease
control and prevention of rubella, including a nationwide
immunisation programme.
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