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ABSTRACT

This study aimed to evaluate the implementation and impact of rubella-containing vaccine (RCV) by
describing the rubella epidemiology and seroepidemiology in Hangzhou. We collected rubella cases of
Hangzhou in the Information System for Disease Control and Prevention in China between 2009 and 2020,
and performed a descriptive analysis. We applied a multi-stage stratified random sampling method to
recruit participants for serological tests of rubella. Enzyme Linked Immunosorbent Assay (ELISA) was used
to detect Immunoglobulin G (IgG) antibodies against rubella in serum samples. Univariate and multi-
variate analyses are used to detect the association between the level of rubella IgG and related factors.
The incidence of rubella cases per million population decreased from 15.8 in 2009 to .1 in 2020. The
proportion of rubella cases in women of childbearing age was higher than in men. A total of 4,362 subjects
were tested serologically for rubella. The percentage of people whose rubella IgG antibody titers were
above the minimum protective level (20 1U/ml) was 80.60% (95% Cl: 79.4%-81.8%) and the geometric
mean concentration (GMC) for rubella IgG was 58.34 [U/ml. The data indicated that Hangzhou had made
good progress toward the elimination of rubella, whereas women of childbearing age still had a higher
proportion of rubella cases, which might lead to increased risk of subsequent CRS. The positive rate and
GMC of rubella IgG were significantly influenced by age and immunization history of RCV. Therefore, we
should stress the importance of pushing forward the campaign for supplementary vaccination of rubella
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in adults.

Introduction

Rubella is a common acute respiratory infectious disease
caused by the rubella virus, as well as a mild self-limiting
infection. Although rubella is regarded as a benign illness
with acute symptoms, such as low temperature, rash, and
swollen lymph nodes, arthralgia and arthritis are frequent in
adults, particularly women." Rubella virus (RV) has
a significant potential for teratogenicity.” If RV infection
occurs during the first 4 months of pregnancy, it can be
transmitted across the placenta, causing fetal infection and
resulting in spontaneous miscarriage, stillbirth, and
a spectrum of birth abnormalities known as congenital rubella
syndrome (CRS).

To date, rubella is still prevalent in many areas, and CRS
with long-term health consequences is still being reported.’
The number of rubella cases fell sharply from 670 894 to
26,006 between 2000 and 2018, but due to the large epidemics
in China and Japan, the number of cases increased to more
than 30,000 in 2019, and approximately 100 000 CRS cases
were estimated to occur annually in 92 low- and middle-
income countries now.” In 2015, the Pan American Health
Organization declared that rubella and CRS had been elimi-
nated from the WHO Americas region,® which demonstrated

that rubella vaccination might successfully prevent RV infec-
tion and further reduced rubella and CRS. As of July 2020, 84
of the 195 (43%) WHO member states had been verified
achieving rubella elimination; 173 member states had initiated
rubella vaccination, and the global coverage rates of both
MCV?2 and rubella vaccines had reached 71%.> By the end of
2020, WHO updated the target to “achieve and sustain regional
measles and rubella elimination goals” by 2030 in all six WHO
regions.’

Rubella infection is an important public health issue in
China, which influences a population of more than
1.4 billion people, due to the teratogenic effects of the
rubella virus on the developing fetus. RCV was introduced
nationwide into the Expanded Immunization Program
(EPI) in 2008, with a schedule of 1 dose of measles and
rubella combined attenuated live vaccine (MR) at 8 months
and 1 dose of measles, mumps, and rubella combined
attenuated live vaccine (MMR) at 18 months, in response
to WHO’s goal of rubella elimination. According to the
Chinese Centers for Disease Control and Prevention
(CDCQ), after the 2008 national introduction of rubella vac-
cination into China's EPI system, the incidence of rubella
has progressively fallen from 91.0 per million in 2008 to
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1.16 per million in 2017.> China has made considerable
strides in rubella management and is approaching to the
goal of rubella elimination.

In 1994, the rubella attenuated live vaccine was first used
in Hangzhou.® Starting in 2008, RCV was introduced into
the EPI in Hangzhou. In 2011, Hangzhou implemented
a routine vaccination campaign for rubella which contained
a vaccine for teenagers in the third grade of junior high
school. Rubella epidemiology in developing countries can
derive from rubella antibody seroprevalence.1 Since 2009,
Hangzhou has been conducting annual serological tests for
healthy people. In this study, we aimed to report the epi-
demiology of rubella infection by age group and identify
the challenges in rubella elimination in Hangzhou during
the period of 2009-2020.

Materials and methods
Setting

Hangzhou is the capital of Zhejiang province in the East of
China. Based on the annual census data from Hangzhou muni-
cipal Bureau of Statistics, Hangzhou comprised of 10,360,017
inhabitants in 2020.

Case definition

A rubella surveillance case is an illness with one of the symp-
toms of fever, rash, cough, catarrhal rhinitis, conjunctivitis,
swollen lymph nodes, arthritis or joint pain, or the rubella
case suspected by an infectious disease responsible outbreak
reporter. There are three types of cases: the clinically confirmed
cases, the laboratory testing confirmed cases and the epidemio-
logical linkage confirmed cases.

e Clinically confirmed: those who have one of the symp-
toms of fever, rash with lymphadenopathy, arthritis/
arthralgia, or being suspected rubella by the reporter
responsible for epidemic of infectious diseases, have no
specimens or unqualified specimens, no epidemiological
association with laboratory confirmed rubella cases, and
have not been clearly diagnosed with other diseases.

e Laboratory testing confirmed: a. positive rubella IgM anti-
body detected in blood samples. b. positive rubella virus
nucleic acid test or rubella virus isolated from pathogen
specimens. c. The titer of serum rubella IgG antibody in
the convalescent stage is >4 times higher than that in the
acute stage, or the antibody in the acute stage is negative,
but the antibody in the convalescent stage is positive.

e Epidemiological linkage confirmed: a. There are no speci-
mens or unqualified specimens of the monitored cases,
but they are epidemiologically related to laboratory-
confirmed rubella cases.

Target population and data resources

Since 2004, all detected cases (2622) in Hangzhou have been
required to report in China Information System for Disease
Control and Prevention (CISDCP) within 48 h, once the diagnosis

of rubella has been made. Data from our study between
January 2009 and December 2020 were obtained from CISDCP.
Information on the notified cases included case number, date of
symptom onset, and demographic characteristics, such as age,
gender, birth date, household registration, and residential address.
The census data were obtained from the information system of the
National Center for Disease Prevention and Control.

Since 2009, we have been conducting yearly rubella serolo-
gical tests to assess the seroprevalence of the Hangzhou local
population. The healthy population of Hangzhou was obtained
using a stratified random sampling method. All personal infor-
mation was recorded, and the gender was also taken into
account; males and females were equally likely to be sampled.
The participant was chosen to use a multi-stage stratified ran-
dom sampling process. For the cross-sectional study, a sample
size of at least 3,696 people was used, with the formula: n =
(Zy-a21d)°p(1-p), @ =.05, d = .1, p-rubella = 92%,” p: the rates
of rubella IgG seropositivity. Rubella IgG sero-epidemiology
was examined among 11 different age groups: <1, 1, 2, 3-4, 5-6,
7-9, 10-14, 15-19, 20-29, 30-39, 240 y. Every year, at least 30
samples from each age group were collected.

Experimental approach and results calculation

The SERION ELISA classic rubella virus IgG kit (Serion,
Germany) was used to detect the presence of specific rubella IgG
antibodies. Values <10 IU/ml were considered seronegative, values
10-20 were considered equivocal, and values >20 IU/ml were
considered seropositive. A level of >10 IU/ml for rubella IgG
antibodies was an indicator of immunity.® However, confirmed
cases of re-infection also occurred in populations with titers
greater than or equal to the cutoff value of 15 IU/ml,” so we defined
the levels of immunity to rubella as: rubella antibody levels of <20
IU/ml = “sero-negativity,” and >20IU/ml = ‘sero-positivity’.

Statistical analysis

We calculated the rates and proportions to describe the socio-
demographic and confirmed the type of the rubella cases and
drew diagrams with Microsoft Excel 2019. Serological analysis
of rubella was carried out using SPSS software version 26.0
(SPSS Inc., Chicago, IL, USA). The positive rates of rubella IgG
were expressed in frequencies, and Pearson’s chi-square test
was used to determine group differences for categorical data.
Two independent variables t-test or one-way ANOVA test was
used to compare the measurement data for the GMC for
rubella IgG levels. Logistic regression and linear regression
were used for multivariate analysis. The 95% confidence inter-
vals (CIs) were calculated. A value of P<.05 (2-sided) was
considered statistically significant.

Results
Epidemiological profile

Overall assessment

During 2009-2020, 2,622 cases of rubella were reported to
the Hangzhou CDC, which included 1925 laboratory-
diagnosed cases, 656 clinically diagnosed cases and 41



epidemiological linkage diagnosed cases, and the total
annual incidence rate was 2.45/100,000. The annual inci-
dence rate of reported cases decreased by 99.2% from 1202
(15.8/100,000) in 2009 to 10. (1/100,000) in 2020. Overall,
the incidence of rubella in Hangzhou showed a downward
trend, except in 2019 with a small epidemic peak of 187
(1.9/100,000). The proportion of laboratory confirmed
rubella cases was 69.97% during 2009-2013 and increased
to 97.84% during 2014-2020 (Figure 1).

Rubella incidence by age

During 2009-2020, generally the incidence rate of rubella
declined in all age groups except for the <12 months old
group. In 2009, the most affected age group was the 20-24
years old group with an average annual incidence rate of
67.7 per 100,000 population, followed by the 15-19 years
old group (58.3/100,000) and the 25-29 years old group
(33.8/100,000). From 2009, incidence in all age groups
decreased except for the <12 months old group with an
epidemic peak in 2012. During 2011-2015, children aged
<12 months old group became the age group with highest
incidence of rubella (56.2/100,000 in 2012), followed by the
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1-year-old group (14.5/100,000 in 2011) and the 2-9 years
old group (8.7/100,000 in 2011). From 2011, the average
annual incidence rate of other age groups ranged from
.0 per million to 5.5 per million (Figure 2).

Distribution by gender and age

During 2009-2020, among the 2,622 rubella cases, 1470
(56.1%) were male and 5803 (43.9%) were female, with an
average annual ratio of 1.3:1. Adolescents and young adults
had the largest proportions. The proportion of 15-19, 20-
24, 25-29 years old group and 30-34 years old group were
19.49%, 23.49%, 16.48% and 10.34%, respectively. The pro-
portion of rubella cases of young women was higher than
that of men in 20-24 years old group and 25-29 years old
group (Figure 3).

Vaccination status of the patients by age group

During 2015-2020, we monitored the age distribution of
reported cases and the vaccination status of cases by age. The
numbers of RCV 0 dose, 1 dose, 2 dose and unknown cases
were 16 cases, 30 cases, 8 cases and 269 cases, accounting for
4.94%, 9.26%, 2.47% and 83.02%, respectively. For <12 months
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Figure 1. Yearly rubella cases and confirmation status and incidence rate, 2009-2020.
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Figure 3. Reported rubella cases distribution by gender and age group.

Table 1. Rubella vaccination status by age group, 2015-2020.

60%
%)

80% 100%

RCV receipt history <12 months (n, %) 1 years (n, %) 2-4 years (n, %)

5-9 years (n, %) 10-19 years (n, %) 20+years (n, %) Total (n, %)

0 dose 5(19.23) 0 0
1 dose 21(80.77) 3(75) 0
2 doses 0 1(25) 4(100)
Unknown 0 0 0
total 26(100) 4(100) 4(100)

0 1(3.70) 10(3.82) 16(4.94)

0 2(7.41) 4(1.53) 30(9.26)
1(100) 1(3.70) 1(.38) 8(2.47)

0 23(85.19) 247(94.27) 269(83.02)
1(100) 27(100) 262(100) 324(100)

old group and 1-year-old group, the proportion of cases with
histories of receiving at least 1 dose of RCV were 80.77% and
75%, and there was 19.23% of patients of <12 months old group
having no RCV history. For cases in the 2-5 years old group
and 5-9 years old group, the proportion of cases with histories
of receiving 2 doses of RCV were 100%. For cases in the 10-19-
year-old group and over 20-year-old group, the proportions of
having unknown vaccination histories were 85.19% and
94.27%, respectively (Table 1).

Seroepidemiology

Univariate analysis. During the period from 2009 to 2020,
a total of 4,362 subjects were tested serologically for rubella.
3,515 patients were positive for rubella IgG antibody, the
positive rate was 80.6% (95%CI: 79.4-81.8%), and the GMC

100% A
90%
80% -
70%
60% -
50%
40%
30%
20%
10%

0%

Proportions(%)

was 58.34 IU/ml. The proportion of positive rate for rubella
IgG antibody remained approximately 80.60% during 2009-
2020, excepted in 2015 which was 94.4% (Figure 4).

There were no significant differences in the seropositive
rates by gender (male: 80.3%, female: 80.9%, 2=.274,P
=.601), but a significant difference in the seropositive
rates by age group (2=450.978, P <.001). The highest posi-
tive rate of rubella IgG antibody was 94.4% (95%CI: 91.9-
96.8%) in the 2-year-old group. The lowest positive rate of
rubella IgG antibody was 48.1% (95%CI: 43.7-52.4%) in the
<1-year-old group. Other age groups’ rates were between
83.8% and 84.9%, except 3-4years old group’s rate was
92.7% (95%CI: 90.4-94.9%), and 7-14 years old group and
240 years old group’s rates lower than 80% (Table 2,
Figure 5).

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year

W negativity

Figure 4. Yearly positive rate for rubella IgG antibody, 2009-2020.

W positivity



Table 2. Rubella IgG detection results in population among various groups, 2009—
2020.

Total Rubella positive Rubella GMC
Variable (n) (n, %) 2,P (IU/ml) t/F, P
Gender X2=.274 t=-2.751
Male 2205 1770(80.3) P=0.601 5537 P =.006
Female 2157 1745(80.9) 61.47
District
Urban 1496  1205(80.5%) X?=0.002 56.01 t=-2.317
Rural 2866 2310(80.6%) P=0.967 59.26 P=0.021
Age(y) X?=450.978 F=42.878
<1 505 243(48.1) P<.001 14.51 P <.001
1 360 309(85.8) 98.57
2 339 320(94.4) 97.87
3-4 496 460(92.7) 74.51
5-6 413 346(83.8) 59.12
7-9 367 288(78.5) 44,61
10-14 392 308(78.6) 37.34
15-19 502 423(84.3) 54.14
20-29 372 316(84.9) 7430
30-39 300 252(84.0) 67.27
>40 316 250(78.9) 44.62
Total 4362 3515(80.6) 58.34

The GMC (IU/ml) of IgG antibodies by gender (male:
55.37 1U/ml, female: 61.47 IU/ml, t= >-2.751, P=.006)
and district (urban: 56.01 IU/ml, rural: 59.26 IU/ml, t= >
-2.317, P=.021) had significant difference, and there was
a significant difference in the GMC among the different age
groups (F=42.878, P<.001). The value of GMC increased
from 14.51 IU/ml in <1-year old group to 98.57 IU/ml in
1-year-old group, then decreased to 37.34 IU/ml in 10-14
years old group, and increased again in 15-19 years old
group (54.14 IU/ml), and the subsequent age groups
remained between 67.27 1U/ml-74.3 IU/ml, except for the
240 -year-old group (44.62 IU/ml) (Table 2, Figure 5).
Seropositivity and GMC for rubella IgG had significant
difference by year (2=71.432,P<.001, F=14.181, P<.001)
(Figure 6).

Multivariate analysis. There were no significant differences in
the seropositive rates by gender (OR =1.035 , CI 95%: .881-
1.217, P=.675) and district (OR =1.018 , CI 95%: .861-1.207,
P = 835); taking the <1-y-old group as a reference, the seropo-
sitivity for rubella IgG in all age groups was significantly lower
(all P-values <.05) (Table 3).
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The GMC for rubella IgG by gender (OR = 1.024, CI 95%:
.995-1.06, P =.104) had no significant difference; higher ser-
opositivity GMC for rubella IgG was found in rural compared
with urban (OR =1.033, 95% CI: 1.005-1.074; P-value < .05).
Taking the <1-y-old group as a reference, the GMC for rubella
IgG in subjects aged 2-4 y were significantly higher, and those
in subjects aged 10-19 y were significantly lower (all P-values
<.05) (Table 3).

Discussion

Since 2008, all medical agencies were required to report rubella
cases via CISDCP in China. During the period of 2009-2020,
our results showed that the overall estimated incidence rate of
rubella had a downward trend. The age profile of reported
cases in Hangzhou had shifted from a predominance of 5-9
years old group to a predominance of 20+ years old adults with
no history of immunization, and the number of rubella cases in
the 20-29 years old group of females was the majority. The
serosurvey results indicated that the positive rate of rubella IgG
antibody in healthy people in Hangzhou from 2009 to 2020
was 80.6%.

Since 2009 to 2020, 2622 rubella cases were identified, nearly
45.8% of which were in the 2009 epidemic. There had been
a decline in the incidence rate of reported rubella from 15.8/
100,000 in 2009 to .1/100,000 in 2020, which showed that the
rubella vaccines use in Hangzhou demonstrated good effective-
ness, and the incidence of rubella remained a low status
between .1/100,000-.6/100,000, a similar downward trend as
Guangzhou.'® These results are consistent with several studies
showing increased rubella incidence in most regions of China
in 2019, which may be related to the cycle of rubella epidemic
peak occurring every 7-8 years in China.'® '" The incidence of
rubella is usually ranked first in the <12 months old group,
similar to that of Poland, where the highest incidence rate was
observed among the 0-4 years age group (11.8 per 100,000) in
2017,"* and <12 months age group had an epidemic peak in
2012 in Hangzhou that was similar to the whole country” and
may be related to the failure of immunization and not timely
inoculation."” Although a national cross-sectional serological
survey during 2014 indicated that many adolescents remained
susceptible to rubella,'* we have found that the decline of
rubella incidence was most evident in the 15-19 years old
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Figure 5. Seroepidemiology of rubella IgG in population by age groups.
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Table 3. Association of seroepidemiology of rubella IgG and related variables via multivariate analysis.

Seropositivity of rubella = y?

GMC(IU/ml) of rubella = yb

The independent variables OR (95%Cl) P-values OR (95%Cl) P-values
Gender
Male 1 1
Female 1.035(.881-1.217) 0.675 1.024(.995-1.06) 0.104
District
Urban 1 1
Rural 1.018(.861-1.203) 0.835 1.033(1.005-1.074) 0.024
Age(y)
<1 1 1
1 0.153(.108-.216) <.001 0.761(.58-.662) <.001
2 0.055(.034-.09) <.001 1.058(1.044-1.204) 0.002
3-4 0.072(.049-.106) <.001 1.105(1.143-1.323) <.001
5-6 0.179(.131-.245) <.001 1.031(.989-1.127) 0.103
7-9 0.254(.187-.344) <.001 0.968(.876-1.005) 0.071
10-14 0.253(.188-.341) <.001 0.938(.818-.944) <.001
15-19 0.173(.128-.232) <.001 0.923(.798-.918) <.001
20-29 0.163(.117-.228) <.001 1.037(1.001-1.154) 0.047
30-39 0.175(.122-.25) <.001 1.01(.947-1.102) 0.581
=40 0.243(.176-0336) <.001 0.964(.856-.994) 0.034

Logistic regression was used to analyze the associations between the changes in the rate of rubella IgG seropositivity and the related factors.
Linear regression was used to analyze the associations between the changes in the GMC levels of rubella IgG and the related factors.

group in Hangzhou, which was related to the RCV supplemen-
tary immunization activities for middle school students in
Zhejiang province every year since 2011.

In recent years, the epidemiological characteristics of
rubella in Hangzhou have changed, and the age of rubella
occurrence has moved toward being older. Although there
are a large number of teenage cases, adult cases have an
increasing proportion. The age profile of reported cases in
China has shifted from a predominance of 5-9 years old
group to a predominance of 20+ years old adults with no
history of immunization. This is similar to the trend of age
composition ratio of rubella incidence in Xi ‘an and
Shenyang of China.'> '® Although the rubella vaccination
campaign in Hangzhou has reduced the incidence of rubella
among people under 20 years old, adults over the age of 20
who lack the corresponding protective antibodies because
of no vaccination or natural infection are still susceptible to
rubella. This may be one of the important reasons for the
significant rise in rubella since 2019. In 2018, Japan had
a second large rubella outbreak, and more than 5,000

rubella cases including five CRS cases were confirmed.'”
The main reason was that the male birth cohort from
1962 to 1979 was not covered in Japan’s rubella immuniza-
tion strategy at the beginning of the immunization program
(1977-1995).'® Similar to Japan, according to a report
released by the National Bureau of Statistics, Chinese
women between age of 25 and 35 are at high fertility.’
Both men and women are more susceptible to rubella in
this age group, and women have a higher risk of CRS. To
reduce the increased risk of CRS in women of childbearing
age, Chiba city in Japan has expanded its rubella vaccina-
tion target to husbands of pregnant women or women who
wanted to become pregnant.'” Italy also offers Measles
Mumps Rubella Varicella (MMRV) vaccine to childbearing
and pregnant women.'” Therefore, Hangzhou further
extends rubella vaccination coverage to women of child-
bearing age and adult men.

During 2009-2020, the positive rate of Rubella IgG antibody
of male in Hangzhou was 80.3%, the one of the female was
80.9%, and GMC of male was 55.37 IU/ml, and the one of the



female was 61.47 IU/ml. The results of our investigation failed
to meet the requirements that rubella can be effectively elimi-
nated when the population’s immune level is above 85%.>°
However, the serosurvey studies indicated that except 1-4
years old group, the IgG positive rate for each age group
maintained a relatively low level (<85%), which was different
to the results of healthy people in Shandong Province in China,
where total IgG positive rate was 91.08% from 2014 to 2015.”!
The results of GMC for rubella IgG in different age groups
showed that rubella IgG antibody had a slow downward trend
in 3-9 years old group after RCV2 compared to 15+ years old
group after a third dose of RCV. This trend was similar to the
finding that MMR3 provided long-lasting sero-protection
against measles, mumps, and rubella.”* One study showed
that, in Bangladesh, when rubella seropositivity among
women of childbearing age was 81.0% overall, the estimated
incidence of CRS was .99 per 1,000 live births.?® In India,
a study showed that the seroprevalence of rubella antibodies
was 82.3% (95% CI: 80.4-84.0) in 1800 women, and con-
structed catalytic-models (age-dependent and constant force
of infection models) to estimate the incidence and burden of
CRS as being 14,520 (95% CI: 9,225-23,100) and 50,028 (95%
CI: 48,234-51,543) infants with CRS every year based on age-
dependent and constant force of infection models,
respectively.”* Our study showed that the acquisition age of
rubella infection had already shifted to the 225 years age group
and the seroprevalence of rubella antibodies was lower than
85% which greatly increased the potential risk of CRS. CRS
monitoring is helpful to assess the burden of CRS. However, in
Hangzhou, CRS monitoring is not well developed, so the true
burden of CRS in Hangzhou is still unknown. The combination
of RCV coverage, serological investigation, rubella case sur-
veillance, Rubella virological surveillance and mathematical
modeling may provide support for routine CRS surveillance
in the future.'* "

The strength of the present study was the use of CISDCP
for data collection and the Rubella serological research
program supported by Hangzhou CDC which was reliable.
In addition, our study spanned a long time, which well
demonstrated the prevalence trend of rubella in population.
Limitations in this study included undetection, because
rubella was a milder disease than measles and in the vac-
cine era some rubella patients had mild or no specific
symptoms, so they did not visit doctors; nevertheless,
China’s Measles surveillance system (MSS) had good sensi-
tivity by requiring medical facilities to report excluded cases
of measles and rubella. For example, in 2015 and 2016, the
reported incidence of measles and rubella cases was 3.99/
100,000 and 2.90/100,000, respectively;26 the detailed
immunization history of all subjects was not collected
before 2015 so the impact of immunization history had
not been thoroughly analyzed in this study.

In conclusion, based on our findings, all available data indi-
cated that Hangzhou had made good progress toward the
elimination of rubella. The current childhood immunization
strategy and the RCV supplementary immunization activities
for teenagers are contributing to the goal of eliminating rubella,
but the women of childbearing age still have a higher propor-
tion of rubella cases, which may lead to increased risk of
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subsequent CRS. At the same time, the positive rate and the
GMC of IgG antibodies were significantly influenced by age and
the immunization history of RCV. Therefore, we recommend to
strengthen the routine children vaccination schedules and the
research on the immune strategy of adult rubella and establish
CRS surveillance system to further accelerate the control of
rubella and CRS to achieve the rubella elimination goal.
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