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Abstract

Background: The rubella outbreak in Japan has not yet been eliminated. In particular, an outbreak
of congenital rubella syndrome has recently become a public health problem in Japan. The World
Health Organization has set an elimination target of 2015 for measles in Japan. However, an out-
break of measles occurred in Japan between 2007 and 2008. Starting in April 2006, the measles
and rubella vaccines were administered twice, once when a child reached 1 year old and once
when the child was 5 - 6 years old (just before starting elementary school). Between October of
1978 and 2006, children were vaccinated only once for measles and rubella. Design: During the
study enrollment period (2011-2013), the serum antibody titers of measles and rubella were
measured in pediatric patients (n = 163) in the Tokyo Takanawa Hospital. Results: The prevalence
rates of the two diseases indicated that only one vaccination was insufficient to protect against in-
fection. Conclusions: Our studies have determined that it was important to vaccinate children
twice for measles and rubella during early infancy.
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1. Introduction

Rubella is still prevalent periodically in Japan. It was most prevalent between 2007 and 2008. In 2008, there
were 11,005 cases of measles in Japan. In 2014, there were 463 cases. In 2015, the World Health Organization
(WHO) announced efforts to eliminate measles in Japan.

Rubella was prevalent in 2013. During this time, there were 14,344 rubella cases in Japan. The cases were
almost always domestic. Most of the patients were adult males, because males did not receive the rubella vac-
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cine through the national vaccination program until April of 1979. As a consequence, there were 32 patients who
were born with congenital rubella syndrome (CRS) in 2013 out of a total of 1,029,800 live births.

We think that the reason for the increased prevalence was that the two vaccinations were only inoculated once
until recently.

The measles and rubella vaccines were added to the childhood vaccination program in Japan in 1976. Rubella
vaccination began in 1977 among junior high school females (a single dose) and measles vaccination started in
1978 for male and female children, but the vaccines were also only administered once.

In 2006, a routine two-dose combined measles and rubella (MR) live attenuated virus vaccination schedule
was initiated in Japan for 1 and 5 - 6 years old children. Therefore, we examined the antibody titers of measles
and rubella in serum from pediatric patients in our hospital. This study aimed to determine the importance of a
two-dose universal immunization program with the measles and rubella vaccines.

2. Methods
The study was conducted between April-2011 and September-2013.

2.1. Measurements Made Prior to the Examinations

The measurements of titers were performed only when a blood test was medically indicated. We did not performed
blood tests solely for the purpose of antibody measurement. We checked the date of measles and rubella vaccina-
tion on maternal children handbook. Written informed consent in Japanese obtained from guardian of all patients.

2.2. Methods for Antibody Measurement

All laboratory testing was blinded without knowledge of the vaccination statuses of the individuals.

2.2.1. Measles: The Titer of Immunoglobulin G (IgG) Evaluated by Enzyme Immunoassay (EIA)

The measurements were performed using an automated, multi-parametric immunoassay testing system (VIDAS®,
bioMerieux, France) in our central examination center. The negative standard value was <0.5 according to the
Central Celinical Laboratory of Shimane University Hospital.

2.2.2. Rubella: Evaluated Using Hemagglutination Inhibition (HI) Tests in the SRL (Japan)
Seronegativity was based on the manufacturer’s threshold of <8 rubella international units (RIUs).

2.3. Participants

A total of 163 children (88 males and 75 females) who were 1 - 15 years of age were enrolled in the study. The
average age was 7.34 + 3.01 years (x1 standard deviation). We excluded children who had not received the
measles or rubella vaccines and who had no history of the disease. However, we did not consider whether there
was a history of contact of these individuals with patients who had either disease. The age-specific numbers of
participants are shown in Figure 1.

We were using Microsoft® Excel 2010 on the results of the statistical process.

3. Results

There were no children who had a history of the natural incidence on both diseases.

The number of participants who were not vaccinated or who were vaccinated once or twice are shown in
Figure 2.

The distribution of HI antibody to rubella (n = 157) is shown in Figure 3.

The distribution of IgG antibody to measles (n = 163) is shown in Figure 4.

The negative rate of titer is shown in Figure 5.

The seronegative rate of rubella was 7.0% in total. It was 11.8% with single vaccination, but dropped to 3.4%
with double vaccination.

The seronegative rate of measles was 11.0% in total. It was 13.5% with single vaccination, but dropped to

9.0% with double vaccination.
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Figure 1. Age-specific numbers (n = 163).

Vaccine Patient Non-vaccinated Vaccinated

Rubella 0 6 (3.7%) Once: 68
Twice: 89

Measles 0 0 (0%) Once: 74
Twice: 89

Figure 2. Number of patients who were not vaccinated, vaccinated once, or
vaccinated twice.

Titers of rubella (n=157)
Number
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Figure 3. Hemagglutination inhibition levels.

4. Discussion

The rate of negative or equivocal antibody levels to rubella was 11.8% after a single dose of the vaccine and the
rate of negative or equivocal antibody levels to measles was 13.5% after a single dose. Therefore, a single dose
was not sufficient to achieve the required antibody levels. In the group of individuals who received a second
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Figure 4. Enzyme immunoassay levels.

Vaccine Rate
Rubella (total) 7.0% (11/157)
(once) 11.8% (8/68)
(twice) 3.4% (3/89)
Measles (total) 11.0% (18/163)
(once) 13.5% (10/74)
(twice) 9.0% (8/89)

Figure 5. Seronegative rates.

dose, the rates of seronegativity for rubella and measles decreased to 3.4% and 9.0% respectively. It was not
possible to determine whether this resulted from primary or secondary vaccine failure in this study. The Centers
for Disease Control schedule for routine childhood immunization states that the second dose should routinely be
administered prior to the start of school (4 - 6 years of age). Currently the MR vaccine is administered according
to a similar schedule in Japan. The time between the first and the second vaccinations is approximately 4 - 5
years, and it is expected that primary vaccine failure exists in children based on the ratio of uniformity in our
study. It is thought that two doses of the rubella vaccine are necessary to prevent an outbreak and the develop-
ment of CRS. The main cause of the recent outbreak of rubella in Japan was adults who had received only a sin-
gle dose or no vaccine in the past.

The underlying cause of seronegative levels in a patient who was vaccinated twice for rubella and measles is
unclear. In Japan, it is currently difficult to consider the possibility of failure and/or the incorrect delivery of
vaccines. Tan et al. reported that low antibody levels may be caused by individual immunogenetic factors [1].

The vaccination rate for the MR vaccine was 95.5% at the first dose and 93.0% at the second dose in Japan in
2013 [2]. It is thought that rates >95% are necessary to control the outbreak. The second vaccination rate was
lower. It is therefore necessary to improve the vaccination rate in Japan.

In our clinical study, age, gender and the period after vaccination did not affect the results. Furthermore, it did

(=)
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not consider a past history of contact with individuals with subclinical infections. However, there has been little
opportunity for natural boosting in Japan currently. In our study, there was no effect on measles and/or rubella.
Thus, it is thought that the results of this report are representative of the current trends among Japanese children.

On the other hand, the relationship between clinical protection and levels for the diseases is not clear. The
protective threshold for enzyme-linked immunosorbent assay-based antibody levels of measles and the HI titer
of rubella has not been established. However, it can be estimated based on antibody levels in clinical practice.
Chen et al. reported that specific antibody concentrations are protective against measles [3]. In contrast, there
were also reports that low antibody levels among vaccinated individuals were not indicative of a lack of clinical
protection [4] [5]. Pebody et al. suggested that in highly vaccinated populations, the total measles and rubella
IgG antibody levels may not accurately reflect protection [6]. Tabatabaei et al. presented that antibody levels
were below the assay cut-off levels against measles and rubella in approximately one-fourth of the children fol-
lowing primary MR vaccination [7]. Charles et al. reported that the titers of rubella after two doses of the
measles, mumps, and rubella vaccine decreased to pre-second administration levels after 12 years [8].

Two problems still exist. The first is that the domestic EIA value of measles has not yet been standardized to
an international unit, and the second is that there is no rule for the negative standard value of rubella HI. The
standard threshold in the United States is <10 RIU, and the common European threshold is <15 RIU. However,
the threshold is still controversial in Japan. Therefore, a standard value has not yet been determined in Japan.
Thus, the rate of seronegativity is increased and decreased by the standard threshold. These issues will require
additional examination in the future.

In summary, a single vaccination is not sufficient to prevent infection with rubella and measles. A second
dose of the vaccines is important and necessary in order to prevent infections and outbreaks. Paunio et al. re-
ported that individuals who were vaccinated twice were better protected against measles than were individuals
who only received a single dose of the measles vaccine [9]. Additional studies are required to determine the ap-
propriate time period between administration of the first and second doses, and to determine whether a third
dose is necessary.

In conclusion, two doses of the vaccines for rubella and measles is important for prevention of rubella and
measles. Additional improvement of the vaccination rate is necessary. Accurate and continuous monitoring will
also be necessary for continuation of elimination in measles in Japan. Furthermore, it is necessary to vaccinate
adults who have no history of the measles and rubella vaccines in order to prevent outbreaks and especially to
eliminate cases of CRS.

5. Conclusion

It is important to vaccinate two doses of rubella and measles for prevention of rubella and measles and to keep
the elimination of measles in Japan. Furthermore, prevention of outbreaks of rubella is a pressing problem now
in Japan.
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