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Taiwan’s rubella vaccination program was launched in 1986; each schoolgirl in the third grade of junior high school received one
dose of rubella (RA 27/3) vaccine. We reviewed the results of 14,090 prenatal rubella tests for primiparas from three areas of Tai-
wan during 2002 to 2008 to investigate seronegativity rates and titer changes. In all primiparous women, the average rubella vi-
rus seronegativity rate was 6.5% (95% confidence interval [95% CI], 6.1 to 6.9%), and the average rubella virus antibody titer was
65.9 IU/ml (95% CI, 64.7 to 67.1 IU/ml). There were 1,220 women (8.7%) with weakly positive antibody titers (10 to 20 IU/ml).
The rubella virus seronegativity rates, which ranged from 5.4 to 9.7%, did not exhibit a linear trend from 9 to 22 years after vacci-
nation (P � 0.201); in contrast, a significant trend appeared in the average rubella virus IgG titer (P � 0.003), dropping from 69.9
IU/ml in the 9th year after vaccination to 54.8 IU/ml in the 22nd year. The mean annual antibody decay rate was �0.77 IU/ml.
This study reveals that the level of rubella virus antibodies declined slowly in women of childbearing age who were vaccinated
with RA 27/3 at junior high school age. The number of women who were seronegative or had weakly positive antibody titers was
still high (15.2%). Therefore, in countries that implement a single-dose regimen in children or teenagers, it should remain an
important policy to encourage voluntary immunization in seronegative women and to immunize all postpartum women who are
susceptible to rubella virus infection before they leave the hospital.

Rubella virus is a single-stranded RNA virus that is transmitted
by aerosol via the respiratory tract. It generally causes a mild

self-limiting disease characterized by rash, fever, and lymphade-
nopathy. In 1941, an Australian ophthalmologist, Norman Gregg,
recognized the association between rubella virus infection in preg-
nancy and congenital rubella syndrome (CRS). The common
manifestations of CRS include neurological deficits, hearing im-
pairment, eye defects, and heart defects (1, 25). In 1962, a rubella
pandemic began in Europe, spreading to the United States in 1963
and 1964 and to Asian countries in 1965 to 1969. During the
period 1963-1964, the rubella outbreak infected 12.5 million peo-
ple, caused 11,000 fetal deaths, and led to 20,000 CRS cases in the
United States. This pandemic accelerated the development of ru-
bella vaccines. Attenuated rubella vaccines were licensed in the
United States and Europe in 1969; five rubella vaccines were also
licensed and used in Japan during 1975 to 1980. Many developed
countries implemented single-dose vaccination of target popula-
tions shortly after the vaccine first became available; at present, a
two-dose measles-mumps-rubella (MMR) vaccine is provided to
all children at 12 to 18 months and at preschool or school age (18,
20). These vaccination programs have successfully prevented ru-
bella virus infection and CRS worldwide. Finland and the United
States are currently documented as being free of indigenous ru-
bella (9, 15, 17).

By the end of 2009, 130 countries had included the rubella
vaccine in their national vaccination programs. Although global
rubella vaccine coverage is estimated at 42% (26), many African

and Asian countries have no rubella immunization programs. In
Africa and Southeast Asia, the rubella vaccine coverages are esti-
mated to be only 0.1 and 4%, respectively (26). It is believed that
over 100,000 cases of CRS occur worldwide annually (19). There-
fore, it remains an important public health challenge to prevent
CRS in developing countries, especially in African and Southeast
Asian regions.

Prior to the introduction of the vaccination program in Tai-
wan, four reported epidemics occurred, roughly about once every
decade: in 1944, 1957-1958, 1968-1969, and 1977 (7). Since 1977,
the disease appears to have become endemic, with no large-scale
outbreaks of rubella. Taiwan’s rubella vaccination program was
launched in 1986. Schoolgirls in the third grade of junior high
school each received one dose of rubella (RA 27/3) vaccine. This
program was extended, with one dose of MMR (RA 27/3) vaccine
being given to all junior high and elementary school students and
preschool children in 1992 to 1994. The rubella vaccination pro-
grams among junior high school girls had a high coverage rate
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(about 98%) (21). Congenital rubella in Taiwan is currently a
category 3 reportable disease, and rubella is a category 2 reportable
disease; suspected cases must be reported to the Centers for Dis-
ease Control (CDC), and samples must be sent to the CDC labo-
ratory for confirmation. The confirmed number of rubella cases
has fluctuated recently, from 2 cases per year in both 1999 and
2003 to 54 cases per year in 2007. The reporting system for CRS
began in 1988. Since 1994, five cases of CRS have been confirmed:
three in 2001 and one each in 2007 and 2008. Two of them were
indigenous cases (CDC [http://nidss.cdc.gov.tw]).

The original population of schoolgirls who received one dose
of rubella (RA 27/3) vaccine in the third grade of junior high
school is now of reproductive age. The persistence and waning of
rubella virus antibodies have been investigated in American and
Northern European countries (4, 5, 10), but we are unaware of any
study of the decay of antibody titers in Asian countries. Therefore,
our aim for this study was to investigate the immunity to rubella
and titer changes of rubella virus antibodies in primiparous
women offered rubella vaccination at 15 years of age.

MATERIALS AND METHODS
Study design. This study involved an analysis of the results of 14,090
rubella virus antibody tests for native Taiwanese primiparas who received
routine prenatal examinations at two hospitals in northern Taiwan (Tai-
pei), one hospital in central Taiwan (Chiayi), and two hospitals in south-
ern Taiwan (Kohsiung and Pingtung). These two medical centers and
three regional hospitals specialize in obstetric health care. All of these
pregnant women received routine prenatal examinations at one of the five
hospitals, which supplied obstetric health care, between 2002 and 2008,
when the rubella virus antibody test was a compulsory checkup item dur-
ing routine prenatal examinations in Taiwan. The subjects had received
the rubella (RA 27/3) or MMR (RA 27/3) vaccine when they were third-
grade students in junior high school (15 years old), during 1986 to 1994.
The Fooyin University Hospital Ethics Review Board approved this study
protocol (FYH-IRB-97003).

Serology tests. Rubella virus IgG antibodies were determined through
a microparticle enzyme immunoassay (MEIA), using an AsXYM analyzer
(Abbott Laboratories, Chicago, IL). The lower and upper detection limits
for rubella virus IgG were 0.1 and 500 IU/ml, respectively. Serum IgG
levels of �10 IU/ml were considered to be seropositive or immune; those

of �10 IU/ml were considered to be seronegative, susceptible, or nonim-
mune.

Statistical analysis. Seronegativity rates, geometric mean titers
(GMTs), and 95% confidence intervals (CIs) are provided herein with
respect to the number of years that have elapsed since the subjects were
vaccinated with rubella vaccine in the third grade of junior high school. A
simple linear regression analysis was used to calculate the seronegativity
rates and titer changes. In calculating rubella virus antibody levels, test
titers of �500 IU/ml were assigned a value of 500 IU/ml. A P value of
�0.05 was regarded as statistically significant. Data were analyzed using
the software SPSS 10.0 for Windows.

RESULTS

A total of 14,090 primiparas were included in this study. The
women were aged 24 to 37 years; between 9 and 22 years have
elapsed since they received the vaccine, when they were third-
grade students in junior high school. For all primiparous women
(Table 1), the average seronegativity of rubella virus was 6.5%
(917/14,090 women; 95% CI, 6.1 to 6.9%), and the average rubella
virus antibody titer was 65.9 IU/ml (95% CI, 64.7 to 67.1 IU/ml).
The rubella virus seronegativity rates, which ranged from 5.2 to
9.7% (Fig. 1), did not exhibit a linear trend from 9 to 22 years after
vaccination (P � 0.201); in contrast, the average rubella virus IgG

TABLE 1 Rubella virus seronegativity rates and GMTs for primiparous women 9 to 22 years after vaccination in the third grade of junior high
school

Time (yr) after
vaccination Age (yr) Sample size

No. of seronegative
women

% Seronegativity
(95% CI)

GMT (IU/ml)
(95% CI)

9 24 142 11 7.7 (3.3–12.1) 69.9 (57.8–81.9)
10 25 323 24 7.4 (4.6–10.3) 70.3 (62.2–78.4)
11 26 576 30 5.2 (3.4–7.0) 63.6 (58.3–69.0)
12 27 956 65 6.8 (5.2–8.4) 65.6 (60.8–70.4)
13 28 1,445 94 6.5 (5.2–7.8) 66.6 (62.8–70.4)
14 29 1,832 109 5.9 (4.9–7.0) 66.8 (63.5–70.1)
15 30 1,899 119 6.3 (5.2–7.4) 68.1 (64.7–71.6)
16 31 1,983 137 6.9 (5.8–8.0) 68.2 (64.8–71.7)
17 32 1,682 91 5.4 (4.3–6.5) 67.5 (63.9–71.1)
18 33 1,455 95 6.5 (5.3–7.8) 64.0 (60.3–67.8)
19 34 886 74 8.4 (6.5–10.2) 59.3 (54.8–63.7)
20 45 560 42 7.5 (5.3–9.7) 59.7 (54.8–64.6)
21 36 258 17 6.6 (3.6–9.6) 64.4 (56.4–72.4)
22 37 93 9 9.7 (3.7–15.7) 54.8 (46.8–62.9)

Total 14,090 917 6.5 (6.1–6.9) 65.9 (64.7–67.1)

FIG 1 Rubella seronegativity rates with 95% confidence intervals for primip-
arous women 9 to 22 years after vaccination in the third grade of junior high
school (at 15 years of age).
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titer displayed significant linearity (P � 0.003), dropping from
69.9 IU/ml in the 9th year to 54.8 IU/ml in the 22nd year after
vaccination (Fig. 2). The mean annual antibody decay rate was
�0.77 IU/ml. Figure 3 presents the rubella virus antibody titer
distribution for these primiparous women. Women having ru-
bella virus antibody titers in the ranges of �10, 10 to 20, �20 to
200, and �200 IU/ml accounted for 6.5, 8.7, 81.4, and 3.4%, re-
spectively, of the cohort. These results suggest that among these
women of childbearing age who were vaccinated in the third grade
of junior high school, the rubella virus antibodies decayed but the
titers remained mostly seropositive.

DISCUSSION

In the present study, we analyzed 14,090 test results relating to the
levels of rubella virus antibodies in primiparas from five hospitals
located in three areas (northern, central, and southern) of Taiwan.
Rubella testing was one of the prenatal exam items of the national
health insurance system in Taiwan during the period that we stud-
ied. Therefore, all test results would have been recruited into this
study if a pregnant woman had visited any of the hospitals for
prenatal care. We found that among all the primiparous women,
the seronegativity was 6.5% (95% CI, 6.1 to 6.9%), and the average
GMT was 65.9 IU/ml (95% CI, 64.7 to 67.1 IU/ml). Relative to the
rubella virus seronegativity rates among local women of child-
bearing age who were born after the onset of the vaccination pro-
gram in different areas of Taiwan (11, 21, 24), the average serone-
gativity from the present study was higher than those in northern
and central-southern Taiwan (4.9 and 4.0%) but lower than that
in southern Taiwan (7.9%). In comparing the seronegativity of
rubella virus antibodies in Taiwan nationwide to the results from
a previous study (12), the susceptible rate found in the current
study was slightly higher than that for pregnant women born dur-
ing 1971 to 1975 (6.5 versus 6.1%) and lower than that for those
born after 1976 (6.5 versus 7.2%).

The susceptibility rate for rubella virus infection that we found
in the present study is similar to those for women of childbearing
age in many European countries, including Cyprus, Latvia, Lux-
embourg, England, and Wales (13). Our results revealed that the
seropositivity rate remained high because the level of rubella virus
antibodies declined slowly. During the past 15 years, only two
local CRS cases have been confirmed by the CDC in Taiwan (2).
Therefore, the school vaccination programs have been a cost-
effective and successful means of preventing CRS.

The vaccine strain is the key factor influencing the persistence
of rubella virus antibodies. The RA 27/3 strain is the most widely
used vaccine in the world— except in Japan, where five attenuated
rubella vaccines have been licensed and are now in use (23). The
RA 27/3 vaccine strain generally induces higher antibody titers
and produces antibody responses that most resemble natural in-
fection. The resulting rubella immunity probably persists for a
long time (�20 years). Therefore, it is the most widely used vac-
cine in the world. Previous studies demonstrated a 100% serocon-
version rate in children who had each been vaccinated with a sin-
gle dose of RA 27/3 vaccine (6, 16). From a study of the expression
of interleukin-2 receptor alpha and CD45RO antigen on T lym-
phocytes, Toyoda and colleagues noted that T-cell-mediated im-
munity and humoral immunity persisted for at least 20 years after
vaccination (22). Kremer and colleagues demonstrated that the
minimal annual antibody decay rate for vaccinees is �2.9% (10).
The concentration of antibodies significantly decayed among
high-titer individuals and did not significantly decrease in the
low-titer group. O’Shea et al. found that 97.9% of RA 27/3 vaccin-
ees were seropositive 10 to 21 years after immunization (14).
Horstmann and colleagues reported that the RA 27/3 vaccine pro-
vided high immunogenicity and resulted in high antibody titers;
after 11 years, 95% of subjects who seroconverted were tested for
hemagglutination inhibition (HI), and 100% had neutralizing an-
tibodies (8). In this study, we found that the seronegativity rate
was 9.7% for primiparous women who had been vaccinated with
the RA 27/3 strain 22 years ago.

Vaccine dose is also an important point for the persistence of
rubella virus antibodies. At present, to interrupt endemic virus
circulation, two doses of MMR vaccine are provided to all children
at 12 to 18 months and at preschool or school age. In the present
study, we observed a relatively low seronegativity rate (6.5%)
among women of childbearing age who had been injected with a
single dose of rubella vaccine at 15 years of age; nevertheless,
women with weakly positive antibody titers (10 to 20 IU/ml) ac-
counted for 8.7% of the cohort. Based on the annual decay rate
(�0.77 IU/ml), we estimate that approximately 6.4% (900/14,090
women) of women will likely become seronegative in the next
decade. Therefore, we suggest that it should remain an important
policy to encourage voluntary immunization of susceptible
women of childbearing age.

In the present analysis, the study subjects were primiparous
women, thereby reducing the interference of postpartum immu-
nization. Some of the women might, however, have obtained im-
munity by checking their rubella virus antibody levels and being
vaccinated prior to getting married or through natural infection.

FIG 3 Distribution of rubella virus antibody titers in primiparous women
9 to 22 years after vaccination in the third grade of junior high school (at 15
years of age).

FIG 2 Rubella virus antibody titers with 95% confidence intervals for primip-
arous women 9 to 22 years after vaccination in the third grade of junior high
school (at 15 years of age).
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In Taiwan’s national health insurance system, however, the code
for rubella testing for nonpregnant women is different from that
for pregnant women. We found that the number of rubella
tests for nonpregnant women accounted for only 0.08% of the
total number of tests during the study period in these hospitals.
Thus, subjects who checked their levels of rubella virus antibodies
and underwent immunization prior to marriage were rare. Ac-
cording to the statistics from the CDC in Taiwan, the lower annual
incidence rate of rubella ranged from 0.009 to 0.235 per 100,000
individuals during the period 1999-2008 (3); nevertheless, many
patients with rubella have only mild symptoms or even no symp-
toms, so their numbers may have been underreported. Wang et al.
reported the probability of natural infection in unvaccinated
women who had high titers, averaging 214 IU/ml (24). In the
present study, we found that 3.4% of the primiparous women had
antibody titers of �200 IU/ml; these women may have had a large
immune response to a previous vaccination, had contact with the
wild-type virus, or been revaccinated recently.

Our findings suggest that mandatory vaccination programs
with a high coverage rate in junior high school students have been
successful. Although the levels of rubella virus antibodies have
declined slowly in women of childbearing age who were vacci-
nated with the RA 27/3 vaccine, their seronegativity rate at present
is relatively low (6.5%). The number of women who were serone-
gative or provided weakly positive antibody titers accounted for
15.2% of the cohort. Therefore, in countries that implement a
single-dose regimen in children or teenagers, it should remain an
important policy to encourage voluntary immunization in sero-
negative women and to immunize all postpartum women who are
susceptible to rubella virus infection before they leave the hospital.
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