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Abstract

Objectives: The aim of this study was to investigate the epidemiology of rubella using the serologic status of

rubella-specific IgG antibodies (anti-rubella IgG) in Korean women of childbearing age (15-49 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 age 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, 329,707 tests from 327,637 Korean women age 15-49 years who had visited
obstetric private clinics (1,438 institutions nationwide) were retrospectively analyzed by year and age group.
Results: The overall rate of women that were anti-rubella IgG- and defined as ‘unimmunized’ was 7.8-9.7%.
Over the 8-year study period, the rate of unimmunized women ranged from 7.8-9.7%. Over the study period, the
rate of women who were IgG+ (from 81.0% in 2010 to 73.0% in 2017) decreased and the rate of women who
had ‘equivocal’ results from 2010 to 2017 (10.3% in 2010 to 17.6% in 2017) increased. Among the age groups,

women in their 40s were the most unprotected from rubella infection (11.8%).

Conclusions: In consideration of the immunization status by age group and the decrease in prevalence of
unimmunized women, 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 immunization

program.
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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.

P The study provided a recent information of the seroprevalence of anti-rubella IgG that have not been

available at this scale before.

» The huge sample size of this study allowed for precise information of the age related seroprevalence of anti-
rubella IgG and this study provides valuable information for establishing a catch-up vaccination program in South

Korea.

» One limitation of this study was the lack of detailed clinical information, however, 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.
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Introduction

Rubella disease, so-called German measles, 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, self-limiting
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 100,000
babies are born with congenital rubella syndrome every year, and the World Health Organization (WHO)
recommends that all countries that have not yet introduced a rubella vaccine should consider doing so using
existing, well-established measles immunization programs.? The WHO Strategic Advisory Group of Experts on
Immunization (SAGE) recommends an increased focus on improving national immunization systems in general
to better control rubella.? Under the Global Vaccine Action Plan 2011-2020, rubella is targeted for elimination
in five WHO Regions by 2020.3# As has been reported in Europe, suboptimal coverage levels in childhood
(<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- and vaccine-induced
immunity in a specific population, and serosurveys can effectively support strategies aimed at eliminating the

disease.’

In Korea, a rubella vaccination program used in combination with mumps and measles vaccines
(MMR) has been included in the national immunization program since 1985 for disease control and prevention.5
A second MMR vaccine dose was introduced in 1997, and a catch-up measles-rubella vaccine for school-aged
children was introduced in 2001.6 In 2002, a two-dose MMR keep-up program through the verification of
vaccination 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.’

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.%1? Although a recent meta-analysis assessing global seroprevalence of rubella
among pregnant 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
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was included.? To our knowledge, no recent data have been collected on rubella immunization status with
rubella-specific IgG antibodies in Korean women of childbearing age in a large study population, which could

provide basic knowledge on nationwide immunization strategies.

Therefore, in this study, we aimed to investigate the epidemiology of rubella and to share baseline
data for future immunization policies. The aim of this study was to investigate the epidemiology of rubella
immunization status using serologic assays for rubella-specific IgG antibodies in Korean women of childbearing

age. In addition, we assessed rubella immunization 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 implementation 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

relevant patient community.

Study populations

Between January 2010 and December 2017, test results from Korean women age 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. Green Cross Laboratories are
one of the largest referral clinical laboratories in Korea. Test results from women whose age was unknown were
excluded. All data were anonymized before being transferred to analysis for age- and year-specific
seroprevalences. Missing age and sex data were excluded. The results of this study were prone to ascertainment
bias and the use of a population based study minimised selection bias.!> This study was conducted according to
guidelines in the Declaration of Helsinki, and all procedures involving human subjects were approved by the

Institutional Review Board of Green Cross Laboratories (GCL 2017-1010-02).
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Analytical procedures

All serum samples were tested for anti-rubella IgG using a chemiluminescent microparticle immunoassay
(CMIA, Architect i2000SR, Abbott Diagnostics, Abbott Park, IL, USA) according to the manufacturer's
instructions. For the rubella IgG assay, the presence of >10 IU/mL was defined as ‘positive’ and considered
‘immunized.” Antibody levels of 0.0-4.9 IU/mL were defined as ‘negative,” and antibody levels between 5.0-9.9
IU/mL were defined as ‘equivocal.” Positive rubella-specific IgG results are indicative of past exposure to

rubella virus.

Definition

Women who had ‘negative’ results were defined as unimmunized. Birth cohorts were defined based on the
vaccination program: pre-catch-up, 1976-1984; catch-up, 1985-1993; and keep-up, > 1994.° The pre-catchup
(1976-1984) cohort was women who had presumptively limited MMR vaccination coverage with only one dose
provided by the public program. The catch-up (1985-1993) cohort was woman who had limited MMR

vaccination coverage, but were given the measles-rubella (MR) vaccine during the 2001 catch-up campaign.®

The keep-up (= 1994) cohort was women who were candidates for the keep-up program.®

Statistical analysis

Categorical variables are presented as frequencies and percentages. The chi-squared test was used to compare
categorical variables. We used nonparametric methods when data were not normally distributed. To assess
rubella immunization status according to the year and age group, a Cochran-Armitage trend test was performed.
Statistical analysis was executed using MedCalc Statistical Software version 18.5 (MedCalc Software bvba,

Ostend, Belgium). P-values were considered significant at the 0.05 level.

Results
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General characteristics of the study population

Between January 2010 and December 2017, 329,701 tests from 327,637 Korean women age 15-49 years who
had visited obstetric private clinics (from 1,438 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 of the study subjects by each year and age group are summarized in Table 1.

Rubella immunization status for Korean women of childbearing age

The overall rate of IgG- women who were defined as ‘unimmunized’ was 8.7%, and the overall rate of IgG+
women was 76.4%. Rubella-specific IgG antibody test results by year are summarized in Table 2 and Figure 1.
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), and an increase in the rate of women who had ‘equivocal’ results from 2010 to 2017
(10.3% in 2010 to 17.6% in 2017, p < 0.05, Figure 1). The rate of positive rubella-specific IgG antibody results
by age were 76.7%, 77.9%, 75.3%, and 79.0% for women in their 10s, 20s, 30s, and 40s, respectively. The rate
of negative results by age were 6.9%, 7.1%, 9.7%, and 11.8% for women in their 10s, 20s, 30s and 40s,
respectively. Among the age groups and birth cohorts, women in their 40s and the pre-catch-up cohort (IgG-,
9.9%) were the most unprotected for rubella infection (IgG-, 11.8%, Supplementary Figure S1). Different
numbers of anti-rubella IgG tests had been requested between geographic regions during the 8-year study period
(Figure 2, Supplementary Tables S1 and S2). In this study, women living in Sejong city were the most protected
from rubella infection (IgG+, 81.3%), while women living in South Jeolla Province were the most unprotected
from rubella infection (IgG-, 10.6%, Supplementary Table S1). Less than 1,000 women had been tested for anti-

rubella IgG in the Gangwon province and Ulsan.

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 population over a long study period (8 years) and the
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novelty of the study population (Korean women of childbearing age were assessed for the first time in Korea).

Understanding the spread of infectious diseases and designing optimal control strategies is a major
goal of public health.!# 15 In the present study, the seronegativity prevalence was 8.7% 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 99.3% for rubella studies.?
A recent meta-analysis of rubella among pregnant and childbearing age women had reported that approximately
88% of the studies conducted on pregnant women had reported a seronegativity rate >5%, and the pooled
rubella seronegativity prevalence was 9.3%.5 The study had reported that global seronegativity prevalence was
of concern, considering 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 1,000 subjects and had been

published within the past 10 years are summarized in Table 3.

The seroprevalence of rubella in Korean populations was assessed previously in infants, children, and
adolescents.?!1? One study on 5,393 students from 8 elementary 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
children.? In a 2005 population-based survey in Nonsan, Korea, age-appropriate immunization among urban-
rural children aged 24-35 months had reported that the age-appropriate MMR immunization rate was 61.1%-
97.4%.'2 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 seropositive 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 antibodies were passed from their
mothers to their infants.” Moreover, among the 80 mothers, 55 (68.8%) had experienced either immunization or

past rubella infection.’

During the study period, the rate of unimmunized women ranged from 7.8-9.7%, and the overall
percentage of positive rubella IgG was 76.4% among Korean women of childbearing age. There was an increase
in the rate of equivocal results. This result suggests that 23.6% of women were still unprotected from rubella in
the elimination era. According to the Infectious Disease Surveillance Yearbook 2017 published by the Korean

Ministry of Health and Welfare and the Korean Centers for Disease Control and Prevention, the incidence rate
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of rubella from 2001-2017 decreased (from 0.17 per 100,000 populations in 2001 to 0.01 per 100,000
populations in 2017). No rubella outbreak had been reported in South Korea over 8 years (2010-2017)
according to the Infectious Disease Surveillance Yearbook. Among the different age groups, older women were
more likely to have negative 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. 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 immunization program.
Susceptible 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.'® Gynecologists and general practitioners should be encouraged to propose rubella screening
for women of childbearing age before they become pregnant to identify those women who lack rubella
antibodies, whether acquired as the result of vaccination or a natural infection.'® 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 immunization against rubella.!® Serological surveillance is an important
tool for the evaluation of vaccination programs 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 (IgG+,
81.3%). In early 2007, the South Korean government had created a special administrative district from parts of
the South Chungcheong and North Chungcheong provinces, near Dagjeon, to relocate nine ministries and four
national agencies from Seoul. Various government programs for encouraging more births, such as incentives, in
different regions may have affected the results.* In this study, less than 1,000 women had been tested for anti-
rubella IgG in the Gangwon province and Ulsan. This may affect the percent seropositivity of anti-rubella 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 information, such as vaccination history or contact

history with rubella-infected individuals. However, we do not yet understand what surrogate markers, other than
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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 generalisable to these groups. A systems-level approach to understanding the development and

maintenance of acute and long-term immunity to rubella and a rubella-containing vaccine is needed.!

Conclusions

In conclusion, this study investigated immunization status of rubella among Korean women of childbearing age.
Considering the immunization 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 immunization program.
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