
Rubella Epidemics and Genotypic Distribution of the
Rubella Virus in Shandong Province, China, in 1999–2010
Changyin Wang1., Zhen Zhu2., Qing Xu1, Aiqiang Xu1*, Xueqiang Fang1, Lizhi Song1, Weixiu Li1,

Ping Xiong1, Wenbo Xu2*

1 Shandong Provincial Key Laboratory for Infectious Disease Control and Prevention, Shandong Center for Disease Control and Prevention, Jingshi Road, Jinan, People’s

Republic of China, 2 WHO WPRO Regional Reference Measles/Rubella laboratory, National Institute for Viral Disease Control and Prevention, Chinese Center for Disease

Control and Prevention, Changbai Road, Changping District, Beijing, People’s Republic of China

Abstract

Background: The rubella vaccine was introduced into the immunization program in 1995 in the Shandong province, China.
A series of different rubella vaccination strategies were implemented at different stages of measles control in Shandong
province.

Methodology/Principal Findings: The average reported incidence rate of rubella cases remained at a low level in Shandong
province after 1999. However, rubella epidemics occurred repeatedly in 2001/2002, 2006, and 2008/2009. The age of the
onset of rubella cases gradually increased during 1999–2010, which showed that most cases were found among the 10
years old in 1999 and among the 17 years old in 2010. Phylogenetic analysis was performed and a phylogenetic tree was
constructed based on the World Health Organization standard sequence window for rubella virus isolates. All rubella viruses
isolated in Shandong province were divided into 4 genotypes: 1E, 1F, 2A, and 2B. Genotype 1E viruses accounted for the
majority (79%) of all these viruses. The similarity of nucleotide and amino acid sequences among genotype 1E viruses was
98.2–100% and 99.1–100%, respectively. All Shandong genotype 1E strains, differed from international genotype 1E strains,
belonged to cluster 1 and interdigitated with the viruses from other provinces in mainland China. The effective number of
infections indicated by a Bayesian skyline plot remained constant from 2001 to 2009.

Conclusions/Significance: The gradual shift of disease burden to an older age group occurred after a rubella-containing
vaccine was introduced into the childhood immunization schedule in 1995 in Shandong province. Four genotypes,
including 1E, 1F, 2A, and 2B, were found in Shandong province during 2000–2009. Genotype 1E, rather than genotype 1F,
became the predominant genotype circulating in Shandong province from 2001. All Shandong genotype 1E viruses belong
to the genotype 1E/cluster 1; they have constantly circulated, and co-evolved and co-circulated, with those from other
provinces.
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Introduction

The rubella virus is the etiological agent of a disease known as

rubella (or German measles) [1]. The disease is generally benign,

and infection is often asymptomatic. As rubella virus is a potent,

infectious, and teratogenic agent, virus infection of non-immu-

nized women during the early stages of pregnancy, particularly

during the first 16 weeks, can result in miscarriage, fetal death, or

an infant born with birth defects such as congenital rubella

syndrome (CRS) [1,2,3]. In 2000, therefore, the World Health

Organization (WHO) recommended the use of rubella-containing

vaccine (RCV) in all countries with national childhood immuni-

zation schedules to prevent congenital rubella infection, including

CRS [4]. The number of WHO Member States using RCV

increased from 83 (43%) in 1996 to 130 (67%) in 2009. The

number of rubella cases reported dramatically decreased from

670,894 in 2000 to 121,344 in 2009 [5].

RuV is a small, enveloped virus in the Rubivirus genus of the

Togavirus family. The genome of RuV is a single-stranded,

positive-sense RNA of approximate 10 kb. The genome encodes 2

open reading frames (ORFs), the 39-proximal ORF (structural

protein ORF) encodes the virion proteins, the nucleocapsid

protein (C), and the 2 envelope glycoproteins (E2 and E1) [3].

The 739-nt region (nt 8731–9469) within the E1 glycoprotein

contains important functional domains including a hemagglutina-

tion inhibiting and neutralizing epitope, and antigenic sites [6],

and has been designated as WHO standard sequence window for

rubella phylogeny [7]. Thus far, 2 clades including 13 genotypes
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have been described: clade 1 is divided into 10 genotypes (1a, 1B,

1C, 1D, 1E, 1F, 1G, 1h, 1i, and 1j); clade 2 contains 3 genotypes

(2A, 2B, and 2C) [8]. Molecular epidemiology studies in China of

the rubella virus indicated that 5 genotypes, including 1a, 1E, 1F,

2A, and 2B, were present in China from 1979 [9,10]. Genotype

1E virus was the predominant virus circulating in China from

2001 through 2009 [10].

Shandong province, located in eastern China, is a developed

province with a population of 94.7 million in 2009 (data from the

Chinese Statistics Bureau). The province is composed of 17

prefectures, 140 counties, 1931 townships, and 88,925 adminis-

trative villages. In order to control rubella epidemics, the rubella

vaccine was introduced into immunization program of Shandong

province in China in 1995. From 1995 to 2007 a financial charge

was made for rubella vaccination; from 2008, following the

introduction of the rubella vaccine into the national Expanded

Program on Immunization (EPI), all children have the opportunity

to be vaccinated against rubella virus free of charge. In 1995–

2007, a 2-dose schedule using monovalent rubella vaccine

administered between 8–18 months of age and at 7 or 12 years

old was followed, which was consistent with the measles vaccine

strategy during the measles control stage. During the measles

elimination stage in China, in order to eliminate measles and

control rubella simultaneously, a combined measles and rubella

vaccine was used; this vaccine was administered at 8 months of age

in 2008 and the second dose (measles–mumps–rubella vaccine)

was added at 18–24 months of age in 2010 in the western region of

Shandong and extended to the whole province in 2011. Two types

of rubella vaccine, including domestic vaccine (BRDII vaccine,

genotype 2A) for routine immunization, and imported vaccine

(RA27/3 vaccine, genotype 1a) as a selective vaccine, have been

used in Shandong province since 1995. In a trial comparing the

BRDII and RA27/3 vaccines, the seroconversion rates and

incidence of mild side effects were found to be similar [11].

Integrated rubella surveillance including virological surveillance

in Shandong province was initiated in 1999 when a measles

project was conducted [12]. In this study, the epidemiological

profile of rubella and the molecular epidemiology of rubella

viruses isolated in Shandong province were reviewed in detail over

the last 12 years when a series of different vaccination strategies

were implemented with the changes in measles and rubella control

policy. We sought to provide the experience of rubella surveillance

to other countries.

Results

Survey of Rubella Cases in Shandong Province
Though the average reported incidence rate of rubella cases

remained at a low level in Shandong province, rubella epidemics

occurred in 2001/2002 (reported peak annual incidence rate

1.15/100,000, 1066 cases), 2006 (4.32/100,000, 3988 cases), and

2008/2009 (1.38/100,000, 1300 cases) (Figure 1). The reported

rubella cases during 1999–2004 were concentrated in the group of

children aged 10–14 years, with the proportion being 44.8%,

51.2%, 63.8%, 58.2%, 39.6%, and 51.8% for each year. Although

the reported rubella cases within the 15–19-year-old group

dramatically increased in 2005 and 2006 with the proportion

being 63.9% and 63.6%, respectively, the proportion then

decreased to 26.5% in 2007, and remained at approximately

35% between 2008 and 2010. The proportion of reported rubella

cases within the 20–24-year-old group gradually increased from

2005 (5.7%) to 2010 (27.1%). The reported rubella cases within

the 25–39-year-old group were also slightly increased. The

incidence of rubella cases in children under 10 years of age was

maintained at a low level between 1999 and 2010 (Figure 1). The

age of the onset of rubella cases in Shandong province gradually

increased during 1999–2010, which showed that most cases were

found among the 10 years old in 1999 and among the 17 years old

in 2010. The proportion of rubella cases in individuals aged ,15

years in Shandong province was less than the central and western

provinces of China, while the proportion of reported rubella cases

within the 15 to 39 age group was higher than that in central and

western China [10].

Genotype Distribution of Shandong Rubella Viruses
A total of 34 rubella virus strains were isolated from throat

swabs in 8 of 17 prefectures in Shandong province during 1999–

2009 (Table S1). Some nucleotide sequences of the viral isolates

from the outbreaks were identical in the 739-nt region within the

E1 gene, and only 1 was selected for further analysis when the

sequences were the same; finally, 24 rubella viruses were selected

as representative viruses for phylogenetic analysis. All the viruses

were named according to the WHO systematic nomenclature for

rubella viruses [7].

The 24 rubella sequences were divided into 4 genotypes:

genotype 1E (19 strains), genotype 1F (1 strain), genotype 2A (3

strains), and genotype 2B (1 strain). These genotype assignments

were supported by high bootstrap scores except genotype 1F

(Figure 2a), which was supported by the larger nucleotide

difference compared with other genotypes (88.7%–94.9%).

Because Shandong province firstly performed detailed molecular

epidemiology study in China, comprehensive and valuable

information was obtained about rubella genotype distribution.

The genotypes of rubella viruses found in Shandong province

covered most of the genotypes found in China, as the results of

molecular epidemiology studies indicate that only 5 (1a, 1E, 1F,

2A, and 2B) genotypes have been present in China since 1979

[10].

Viruses of genotype 1E were found in 7 of 8 prefectures in

Shandong province during 2001–2009 (Figure 3), and the

similarity of the nucleotide sequence among these viruses was

98.2–100%, while of the amino acid sequence was 99.1–100%;

genotype 1F was only found in Liaocheng prefecture in 2000

(Figure 3), and compared with the genotype 1F WHO reference

strain (strain TS38-CH-00, detected in Anhui province in 2000)

[7], it shared 95.9% (nucleotide) and 99.1% (amino acid) identity;

and 3 genotype 2A viruses from Jinan and Zibo prefectures were

isolated from 3 sporadic patients (Figure 3). The nucleotide

sequences of the 3 viruses were very closely related to that of the

domestic vaccine strain (BRD II virus); among them, 2 were

identical and the other had only a 1-nt difference compared with

the vaccine strain. Although the information of the immunization

histories were not available for the 3 patients, the sequence

information indicated that these 3 isolates likely originated from

vaccines independently, and genotype 2A is considered to be

inactive; genotype 2B was only isolated in Weifang prefecture in

2008 (Figure 3), and compared with the genotype 2B WHO

reference strain (strain TS34-CH-00, detected in Anhui province

in 2000) [7], it shared 98.9% (nucleotide) and 100% (amino acid)

identity (Figure 2a). No viruses were isolated during 2003–2005,

because it was a lower rubella epidemic period (incidence rate

,1/100,000), and left a surveillance gap during this period.

Genotype 1E Rubella Viruses Constantly Circulated in
Shandong Province

Genotype 1E viruses accounted for the majority (19/24, 79%)

of all the Shandong viruses, indicating that genotype 1E rubella

viruses were predominant. In order to determine the molecular

Rubella Epidemics in Shandong Province
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epidemiology of the Shandong genotype 1E strains, a phylogenetic

analysis was conducted with 19 Shandong strains, 77 genotype 1E

rubella virus strains from 19 other provinces in mainland China

that circulated during 2001–2009 [9,10], and 23 international

genotype 1E strains circulating during 1995–2010 that represented

16 countries including France [13], Bahamas [14], Canada [14],

Italy [15], USA [14], Malaysia [16], Suriname [14], Germany

[15], Tunisia [13], Belarus [17], Sudan [18], UK [19], Kazakh-

stan, Ukraine, Russia, and Japan (Table S2 and Figure 2b). All

Shandong genotype 1E strains during 2001–2009 belong to cluster

1 and interdigitated with the viruses from other provinces in

mainland China. The Shandong sequences did not cluster with

international sequences except for some from Russia in 2006, and

from Japan in 2010 and 2011 (Figure 2b). Identical and similar

sequences of genotype 1E rubella viruses isolated in Shandong

province were also found in all other provinces (including eastern,

central, and western China); this indicates that highly similar or

identical 1E rubella virus sequences circulated in the various

provinces with no apparent geographic restriction.

Both the strict and relaxed clock models were implemented

using the Bayesian skyline model for population growth using the

Bayesian skyline plot (BSP), with the second being preferred. The

BSP (Figure 4) showed that the effective number of infections in

Shandong province is relatively stable from 2001 to 2009, whereas

small fluctuations occurred between 2006 and 2009 even though

the rubella epidemic occurred during the same period. While in

the whole country, the effective number of infections remained

constant during 2001–2007, when the epidemic started a decline

that led to a decrease in the effective population size after 2008.

Discussion

In Shandong province, RCV was introduced into childhood

immunization schedule in 1995. Since then rubella incidence has

been effectively controlled and maintained at a low level. Because

there was a charge for the rubella vaccine and vaccination was

voluntary before 2008, the RCV coverage was relatively lower for

that time period (approximately 56–65%) (unpublished data).

Therefore, the accumulation of a large number of susceptible

(unvaccinated) individuals led to the occurrence of a rubella

epidemic in Shandong province in 2006 and most of the rubella

cases were concentrated in individuals between 15 and 19 years of

age, which differed from that observed during the national rubella

epidemic, this may be due to the introduction of the rubella

vaccine in China since the 1990 s. The gradual shift of disease

burden to the older age group has occurred in the last 12 years,

and the seroprevalence of rubella antibodies in women of

childbearing age in 6 prefectures of Shandong province in 2005

showed that only approximately 77.67% had antibodies against

rubella [20], this is of concern because older age groups include

women of childbearing age, thus raising the potential for an

increase in the incidence of CRS. If high vaccine levels are not

maintained, immunization of children will alter the transmission

dynamics and could lead to an increase in susceptibility in young

women with the potential for an increase in the incidence of

congenital rubella [21]. This shift in the age at risk has already

been indicated in some other countries [22]. Regions or countries

attempting rubella control and elimination should ensure that

routine vaccine coverage in children is greater than 85% and

Figure 1. Age distribution of rubella cases in Shandong province, China, 1999–2010. The number above each column represents the
number of reported rubella cases and average rubella incidence (per 100,000) in Shandong province, China.
doi:10.1371/journal.pone.0042013.g001

Rubella Epidemics in Shandong Province
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sustainable in the long term, and that women of childbearing age

are immune [23].

WHO recommends that countries undertaking measles

elimination should consider the simultaneous control and

elimination of rubella [24]. Countries wishing to control and

eliminate rubella should not only maintain high vaccine

coverage, but also be supported by high-quality surveillance

including molecular epidemiological studies [25]. Therefore,

when the 3-year measles project was initiated in 1999 [12], a

measles laboratory network, including 20 measles labs, was

established in 17 prefectures in Shandong province, and rubella

surveillance was introduced into the measles surveillance system.

Virological surveillance was also set up in order to obtain

important genetic baseline data.

Four genotypes including 1E, 1F, 2A, and 2B were found in

Shandong province over a 12-year period after rubella vaccines

were introduced. Three BRDII vaccine-associated cases were

identified in Shandong province in 2001. Because vaccination

campaigns were usually administrated when rubella outbreaks

occurred, so isolations of vaccine virus can easily occur when

outbreaks and vaccination campaigns occur simultaneously.

Therefore, future isolation of the RA27/3 and BRDII vaccine-

related viruses is found more frequently due to the increase doses

of rubella vaccine used in China.

Figure 2. Phylogenetic analyses of sequences of Shandong rubella viruses based on the WHO standard sequence window. (a)
Phylogenetic analysis of sequences of 24 representative rubella viruses from 2000–2009 compared with the WHO reference sequences. Numbers in
parentheses are numbers of identical sequences found in the same outbreak. Shandong rubella viruses are indicated by a solid circle. (b)
Phylogenetic analysis of representative Shandong rubella virus strains of genotype 1E compared with rubella viruses from the other provinces of
China. Seventy-seven genotype 1E rubella virus strains from other provinces isolated during 2001–2009 were obtained from Genbank. Shandong
rubella viruses are indicated by red solid circles, the genotype 1E rubella virus strains from other countries are indicated by blue solid triangle. The
Chinese vaccine strain BRD II with a green solid square was used as an out-group.
doi:10.1371/journal.pone.0042013.g002
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Genotype 2B viruses in Shandong province in 2008 had a high

similarity with the virus from Anhui province in 2000 and belong

to the same lineage, which indicated that genotype 2B virus

circulated continuously in China for at least 8 years. National

surveillance data indicated that genotype 2B viruses were

frequently found in other provinces in China in 2011 (unpublished

data) and had a worldwide geographic distribution [26]. There-

fore, it would be interesting to collect samples from other

prefectures in Shandong province to understand the prevalence

situation of the genotype 2B viruses.

Although genotype 1F was only detected in Liaocheng

prefecture of Shandong province in 2000, genotype 1F virus

likely was the predominant virus circulating in China during

1999–2000 and had not been isolated in China since 2002.

Furthermore, viruses of genotype 1F have yet to be found in other

countries [9,10].

Consistent with national reports [9], genotype 1E virus was also

first detected in Shandong province in 2001. It then became the

predominant genotype circulating in Shandong province. Chinese

genotype 1E rubella virus isolates were grouped into 2 clusters

[10]; all Shandong genotype 1E strains belong to cluster 1. All the

genotype 1E rubella strains that circulated in different provinces in

mainland China during 2001–2009 interdigitated with Shandong

genotype 1E viruses and correlated well with each other

chronologically. This suggests that genotype 1E virus in Shandong

province did not evolve independently. Instead, genotype 1E

strains co-evolved and co-circulated with those from other

provinces. Genotype 1E/cluster1 virus may be specific to China

and has already been found in neighboring countries including

Russia (2006) and Japan (2010 and 2011), which may due to the

high frequent international exchanges. Therefore, ongoing

molecular epidemiological surveillance of circulating rubella

viruses is necessary since phylogenetic analyses have become

important tools in monitoring virus circulation.

Genotype 1F viruses were likely replaced by 1E viruses in

connection with an epidemic in Shandong province in 2001. The

manner in which this genotypic shift occurred is not clear. It is

postulated that incomplete coverage of vaccine immunization

would contribute to such replacement/shift of one epidemic strain

by another during epidemics.

The phylogeny and times of divergence of the genotype 1E

rubella virus lineages using a standard sequence window sampled

at different times was inferred using a relaxed molecular clock

model. The greater sensitivity of the non-parametric BSP method

showed that the rubella virus population size in Shandong is

relatively stable from 2001 to 2009, whereas small fluctuations

occurred between 2006 and 2009. The results indicated that

genotype 1E rubella viruses have constantly circulated since 2001,

and are the predominant genotype in Shandong province.

Figure 3. Location and genotype distribution of rubella viruses isolated in Shandong province, China during 2000–2009.
doi:10.1371/journal.pone.0042013.g003

Rubella Epidemics in Shandong Province

PLoS ONE | www.plosone.org 5 July 2012 | Volume 7 | Issue 7 | e42013



In conclusion, the gradual shift of disease burden to the older

age group occurred after RCV was introduced into the childhood

immunization schedule in 1995 in Shandong province, and was

due to the incomplete coverage of rubella vaccine immunization in

Children (approximately 56–65% before 2008). If rubella vacci-

nation rate in children is not high, it may lead to an increase in the

proportion of susceptible women of childbearing age, thereby

increasing the occurrence of the risk of CRS. Therefore, it is

crucial to achieve and maintain a high level of vaccine

immunization coverage rate among children and women of

reproductive age. Four genotypes, including 1E, 1F, 2A, and 2B,

were found in Shandong province during 2000–2009: genotype

2A originated from BRDII vaccine-associated cases; genotype 2B

virus, detected in 2008, was found to be genetically related to the

viruses isolated in Anhui province in 2000, which indicated that

genotype 2B virus circulated continuously in China; genotype 1E,

instead of genotype 1F, became the predominant genotype

circulating in Shandong province after 2001. All Shandong

genotype 1E viruses belong to genotype 1E/cluster 1; they have

constantly circulated, and co-evolved and co-circulated, with those

from other provinces since 2001.

Materials and Methods

Rubella Incidence and Vaccination Data Sources
Between 1999 and 2003, the number of all clinically diagnosed

and laboratory confirmed rubella cases and annual rubella

incidence rates were reported for each year through the rubella

surveillance system in Shandong province. After 2004, the data

were obtained directly from reports from the National Notifiable

Diseases Reporting System (NNDRS). Both surveillance systems

cover all the levels of Centers for Disease Control and Prevention

(CDC), hospitals at the county-level and above, clinics at the

township level, and other medical institutes in Shandong province.

Clinical Samples
This study did not involve human participants or human

experimentation; the only human materials used were throat swab

samples collected for public health purposes from patients with

clinically suspected rubella within the 7 days following rash onset.

Written informed consent for the use of the clinical samples was

obtained from all patients involved in this study. This study was

approved by the second session of the Ethics Review Committee of

the Chinese CDC.

Viral Isolation and Primary Identification
All rubella viruses were isolated between 2000 and 2009 in 8 of

17 prefectures (Table S1), which covered the eastern, central, and

western regions of Shandong province. Clinical specimens were

inoculated onto monolayers of rabbit kidney (RK13) cells, African

green monkey kidney (Vero) cells, and Vero/SLAM cells

according to standard methods [9]. The presence of viral RNA

was identified by using the reverse transcription-polymerase chain

reaction (RT-PCR) method to amplify a 185-nt fragment of the E1

coding region as previously described [28].

Figure 4. Bayesian skyline plot obtained by analyzing the 64 Beijing genotype 1E RV sequences. Ordinate: the number of effective
infections at time; abscissa: time (in years). The thick solid line represents the median, and the blue area represents the 95% HPD of the number of
effective infections at the time estimates.
doi:10.1371/journal.pone.0042013.g004

Rubella Epidemics in Shandong Province

PLoS ONE | www.plosone.org 6 July 2012 | Volume 7 | Issue 7 | e42013



RT-PCR Amplification and Sequence Determination
RT-PCR was performed using the Titanium One-step RT-

PCR kit (BD Bioscience, Palo Alto, CA, USA) to amplify a 1107-nt

(nt 8656–9762) product containing the 739-nt WHO standard

sequence window as previously described [9]. After the PCR

products were purified using the QIAquick Gel Extraction Kit

(Qiagen, Valencia, CA, USA), the amplicons were bi-directionally

sequenced using an ABI PRISM 3100 Genetic Analyzer (Applied

Biosystems, Hitachi, Japan).

Phylogenetic Analysis
The 739-nt sequences of the rubella virus strains were aligned

and phylogenetic analyses using the neighbor-joining Kimura two-

parameter distance method were performed to understand the

molecular epidemiology of the rubella virus isolated in Shandong

province using the MEGA 5.03 program (Sudhir Kumar, Arizona

State University, Tempe, AZ, USA) [29]; the reliability of the tree

was estimated with 1000 bootstrap pseudoreplicates. Bootstrap

values .80% were considered statistically significant for grouping.

According to WHO recommendations [7], the primary criterion

for valid genotype assignment is the proper grouping of the

reference virus set included in the same analysis. A BSP under

both strict and relaxed (uncorrelated log-normal distributed,

UCLD) clock conditions was used to estimate the demographic

history. BSP uses an MCMC method that allows estimates of

effective population size over time with credibility intervals at

every time depending on errors due to the phylogeny reconstruc-

tion and the stochastic nature of the coalescent process [27].

Nucleotide Sequence Accession Numbers
The nucleotide sequences of 24 representative viruses of the 34

rubella strains that were isolated in this study have been deposited

in the GenBank database, and are listed in Table S1. An

additional 77 sequences of genotype 1E rubella viruses from China

during 2001–2009 were retrieved from the GenBank database

with accession numbers FJ875036–FJ875044, FJ875047–

FJ875056, FJ875058–FJ875071, JF702819–JF702835,

JF702841–JF702866, and JF702869.

Supporting Information

Table S1 Rubella viruses strains from Shandong prov-
ince, 2000–2009.
(DOC)

Table S2 Representative genotype 1E strains from
countries other than China used for phylogenetic
analysis.
(DOC)
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