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Background: Rubella remains a global public health concern due to the risk 
of congenital rubella syndrome (CRS). Despite ongoing control measures, 
China—along with 85% of WHO Western Pacific countries—failed to achieve the 
2020 elimination target. This study aimed to analyze temporal trends in rubella 
incidence across regions and age groups in China to inform and refine national 
elimination strategies.

Methods: This descriptive study employed a joinpoint regression model to 
analyze trends in rubella incidence across different regions and age groups in 
China. The Spearman rank correlation coefficient test was used to examine the 
correlation between RCV1 coverage and incidence.

Results: From 2004 to 2021, a total of 583,418 rubella cases were reported in 
China, with an average annual incidence of 2.3994 cases per 100,000 population. 
Monthly cases peaked in April and May. The overall trend in rubella incidence 
remained stable, with an average annual percent change (AAPC) of −6.36% 
(p  = 0.291). However, from 2008 to 2021, the annual percent change (APC) 
was −18.41% (p = 0.002), demonstrating a significant downward trend. Regions 
with an average annual incidence exceeding 5 cases per 100,000 population 
were mainly located in western and eastern China. Significant decreasing trends 
in rubella incidence were observed in five regions (all p  < 0.05). Age groups 
with average annual incidence rates above 4 cases per 100,000 population 
were primarily among children and teenagers. Thirteen age groups showed 
decreasing trends (all p < 0.05). From 2010 to 2021, annual rubella incidence 
decreased as RCV1 coverage increased, indicating a statistically significant 
negative correlation (rs = −0.793, p = 0.002).

Conclusion: From 2004 to 2021, China’s rubella incidence significantly 
decreased due to enhanced surveillance and high vaccination coverage, 
particularly among children aged 0–9 years and in one-sixth of the country’s 
regions. Key recommendations include (1) increasing healthcare investment in 
underdeveloped regions to improve immunization access, (2) strengthening 
surveillance and vaccine management in areas with large migrant populations, 
and (3) implementing supplementary immunization activities (SIAs) targeting 
teenagers and adults to further reduce the disease burden.
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1 Introduction

Rubella is a global public health concern, posing a significant risk 
to the health of people (especially children and teenagers). Maternal 
infection with the rubella virus (RV) can lead to fetal miscarriage, 
stillbirth, or congenital rubella syndrome (CRS) in newborns (1). 
Currently, there is no effective targeted treatment for CRS. The 
economic burden and health consequences of CRS are significantly 
greater than the cost of vaccination (2). Administering two doses of a 
rubella-containing vaccine (RCV) remains the most effective and safe 
strategy for preventing RV infection and CRS.

The WHO Western Pacific Region (WPRO), in which China is 
located, clearly proposed the goal of rubella elimination in its regional 
committee meeting in 2014 (3). By 2020, WPRO confirmed that four 
countries (15%) had met the rubella elimination target, while 85% 
(including China) had remained non-compliant (4). Although China 
has actively adopted relevant measures, it has not yet reached the 
rubella elimination goal proposed in 2014. Several factors constrain 
these efforts, with geographic distribution and age demographics 
being particularly significant. According to the provisions of the Law 
of the People’s Republic of China on the Prevention and Treatment of 
Infectious Diseases, rubella is a class C statutory infectious disease in 
China (5). Since 2004, the responsible reporting unit or person must 
report through the epidemic surveillance information system of 
infectious diseases within 24 h of discovery.

The joinpoint regression model was widely applied in analyzing 
temporal trends of cancer and infectious diseases (6, 7). It can show 
the incidence trends of diseases in different regions and age groups in 
detail. This approach enhances disease surveillance and prediction, 
and it can be combined with demographic, sociological, economic, 
and other aspects to explain the analysis, to seek the cause of disease 
occurrence and development, and to provide a reference for targeted 
prevention and control measures.

At present, there is no relevant report on the long-term trend of 
rubella in China at the regional and age levels. In this descriptive 
study, the Joinpoint regression model was used to analyze the trend of 
rubella incidence in different regions and age groups in China from 
2004 to 2021, and the Spearman rank correlation coefficient test was 
used to analyze the correlation between RCV1 coverage and incidence 
to evaluate the prevention and control effect of rubella and provide 
reference for the goal of rubella elimination in China.

2 Materials and methods

2.1 Data sources and types

The incidence data for rubella from 2004 to 2021 were obtained 
from the Public Health Science Data Center of the Chinese Center for 
Disease Control and Prevention (8). RCV1 coverage from 2010 to 

2021 was obtained from the WHO Immunization Data Portal (9). 
Population data were obtained from annual statistical yearbooks of the 
National Bureau of Statistics of China (10).

The data on rubella, including the number of cases and the 
incidence, were stratified by date (month and year), age, and region 
(the whole country and 31 provinces, and municipalities directly 
under the Central Government, and autonomous regions, excluding 
Hong Kong, Macao, and Taiwan). The rubella incidence in each region 
and age group after 2022 was not publicly available.

2.2 Research methods

2.2.1 Basic statistical description
WPS Office (version number: 12.1.0.16250), produced by Beijing 

Kingsoft Office Software Co., Ltd., was used to process the original data 
and establish the dataset of rubella (format: *. xlsx and *. csv). At the same 
time, the total number of cases and the incidence (incidence = number of 
cases/number of exposed population *100,000%) were calculated, and the 
bar chart, line chart, and scatter chart were drawn.

The China standard map vector file (format:*.shp) was 
downloaded from the National Center for Basic Geographic 
Information of China (11). QGIS (version number: 3.34) was used to 
import the China standard map vector file and link the incidence and 
decline trend data of rubella. The rubella incidence distribution map 
and decline trend map were generated by setting grading colors and 
adding labels and legends.

2.2.2 Joinpoint regression model analysis 
(long-term trend analysis)

In this descriptive study, we applied the joinpoint regression model 
to analyze the long-term trend of rubella incidence. This model divides 
the overall trend into multiple statistically significant periods by 
identifying optimal joinpoints, each characterized by a linear pattern (12). 
Joinpoint Regression Program (version number: 5.4.0.0), developed by 
the Division of Cancer Control and Population Sciences of the National 
Cancer Institute of the United States, was used to input datasets, set model 
parameters, run programs, view and select the output, organize and 
analyze data, interpret results, and generate trend charts.

The year of onset was taken as the independent variable(x), the 
incidence of rubella in the corresponding year was taken as the 
dependent variable(y), age and region were taken as the grouping 
variables, and [(x1, y1), … (xn, yn)] was used to represent the observed 
data of each group; thus, a log-linear model was established (12). The 
grid search method was used to analyze the number of joinpoints (the 
maximum is 3), location, and model parameters. Finally, the weighted 
Bayesian information criterion was used to select the optimal joinpoint 
regression model. The annual percent change (APC) and the average 
annual percent change (AAPC) for each period interval of rubella 
incidence from 2004 to 2021 were calculated with their 95% confidence 
interval (CI). APC is mainly used to represent the trend change of each 
period interval in a piecewise function. AAPC assesses the overall 
change in long-term trends. Based on the AAPC and APC values along 
with their corresponding p-values, we assess whether a statistically 
significant trend exists in incidence rates. When p > 0.05, the observed 
trend is considered statistically non-significant, indicating a stable 
trend. For statistically significant results (p ≤ 0.05), a positive AAPC or 
APC value indicates an increasing trend, while a negative value 

Abbreviations: RV, Rubella virus; CRS, Congenital rubella syndrome; RCV, Rubella-

containing vaccine; WPRO, Western Pacific Region; WHO, World Health 

Organization; CI, Confidence interval; SIAs, Supplementary immunization activities; 

MMR, Measles-mumps-rubella vaccine; GDP, Gross Domestic Product; MMRV, 

Measles, mumps, rubella, and varicella vaccine; AAPC, Average annual percent 

change; APC, Annual percent change.
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indicates a decreasing trend. All the calculation formulas of the 
joinpoint regression model were referred to in Kim’s study (12).

2.2.3 Spearman rank correlation coefficient test
The Spearman rank correlation coefficient test was used to analyze 

the correlation between RCV1 coverage and incidence using IBM 
SPSS Statistics 26 software. 0 < rs ≤ 1 indicates a positive correlation 
between two variables, −1 ≤ rs < 0 indicates a negative correlation 
between two variables and rs = 0 indicates that there is no correlation 
between two variables. p ≤ 0.05 was considered statistically significant 
in the two-sided test.

3 Results

3.1 The number of cases, incidence, and 
trends of rubella in China from 2004 to 
2021

In total, 583,418 cases were reported in China from 2004 to 2021. 
The average annual incidence was 2.3994 cases per 100,000 population. 
In 2008, the highest number of cases (120,354) and incidence (9.1088 
cases per 100,000 population) were reported, whereas the lowest 
figures (840 cases and 0.0596 cases per 100,000 population, 
respectively) were reported in 2021 (Figure 1).

From 2004 to 2021, rubella cases were highest in April and May 
each year, with a significant peak in 2008 (Figure 2).

From 2010 to 2021, the annual incidence decreased as RCV1 
coverage increased, indicating a statistically significant negative 
correlation (rs = −0.793, p = 0.002) (Figure 3).

The joinpoint regression model indicated that the AAPC of 
rubella incidence from 2004 to 2021 was −6.36% (95% CI: −17.09 to 
5.77%; p = 0.291), demonstrating a stable trend. One joinpoint in 2008 
divided the study period into two periods. The APC of the first period 
(2004 to 2008) was 46.58% (95% CI: −5.65 to 127.71%, p = 0.083), 
demonstrating a stable trend. The APC of the second period (2008 to 
2021) was −18.41% (95% CI, −27.02% to −8.79%, p = 0.002), 

demonstrating a decreasing trend; the incidence decreased from 
9.1088 cases per 100,000 population in 2008 to 0.0596 cases per 
100,000 population in 2021 (Figure 4).

3.2 The incidence and trends of rubella in 
different regions from 2004 to 2021

From 2004 to 2021, the average annual incidence of rubella was 
higher than 5 cases per 100,000 population in seven regions of China. 
These cases were primarily reported in western China (Tibet, Ningxia, 
Chungking and Sinkiang) and eastern China (Tianjin, Liaoning, and 
Zhejiang), while other regions had an annual incidence below 5 cases 
per 100,000 population (Figure 5).

The joinpoint regression model revealed that the incidence of 
rubella demonstrated statistically significant decreasing trends in five 
regions (all p < 0.05) from 2004 to 2021. These regions included two 
in northwestern China (Sinkiang and Ningxia), two in northeastern 
China (Jilin and Tianjin), and one in eastern China (Zhejiang). The 
AAPC of the five regions was −19.69% (95%CI: −28.03 to −10.38%, 
p < 0.001) −18.75% (95%CI: −29.62 to −6.21%, p =0.005) −21.81% 
(95%CI: −33.00 to −8.75%, p =0.002) −19.39% (95%CI: −32.02 to 
−4.41%, p =0.013) −18.86% (95%CI: −28.35 to −8.11%, p =0.001), 
respectively. In contrast, the remaining twenty-six regions 
demonstrated stable trends (all p > 0.05) (Figure 6; Table 1).

3.3 The incidence and trends of rubella in 
different age groups from 2004 to 2021

From 2004 to 2021, the average annual incidence of rubella was 
higher than 4 cases per 100,000 population among children aged 
0–9 years and teenagers aged 10–19 years. The average annual 
incidence in other age groups was lower than 4 cases per 100,000 
population (Figure 7).

The joinpoint regression model revealed that the rubella incidence 
demonstrated decreasing trends in thirteen age groups from 2004 to 

FIGURE 1

The annual number of cases and incidence of rubella in China from 2004 to 2021.
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2021, with all p values less than 0.05. These included ten single-year 
age groups (0–9-year-olds) among children and three age groups 
(50–54-year-olds, 70–74-year-olds, and 75–79-year-olds) among older 
adults. The corresponding AAPC values ranged from −29.96% to 
−14.35% in children and from −13.13% to −8.27% in older adults. The 
remaining thirteen age groups demonstrated stable trends (all 
p > 0.05) (Figure 8; Table 2).

4 Discussion

4.1 Analysis and suggestions on the 
long-term trends of rubella in China

According to the study results, a total of 583,418 rubella cases 
were reported in China from 2004 to 2021, with an average annual 
incidence of 2.3994 per 100,000 population. The joinpoint regression 
model revealed that the AAPC of the long-term trend of rubella in 

China from 2004 to 2021 was −6.36%, demonstrating a stable trend. 
However, this long-term trend can be divided into two periods by 
statistically significant joint points.

In the first period, from 2004 to 2008, the APC was 46.58%. 
Although this period was statistically stable, an increase in incidence 
was observed, from 1.8475 cases per 100,000 population in 2004 to 
9.1088 cases per 100,000 population in 2008. This increase may 
be  attributed to the inclusion of rubella in the National Disease 
Surveillance Information Management System starting in 2004, which 
allowed for broader population coverage, timely and sensitive 
reporting, and active case identification. Additionally, rubella-
containing vaccine (RCV) immunization coverage was low (< 
50%) (13).

In the second period, from 2008 to 2021, the incidence 
decreased at an average annual rate of 18.41% per year, from 9.1088 
cases per 100,000 population in 2008 to 0.0596 cases per 100,000 
population in 2021. Because RCV was included in the national 
expanded immunization program from 2008, two doses of the RCV 

FIGURE 2

The monthly number of cases of rubella in China from 2004 to 2021.

FIGURE 3

Scatter plot of incidence (χ) and RCV1 coverage (y) of rubella in China from 2010 to 2021.
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routine vaccine were given to infants aged 8 months and 18 to 
24 months free of charge (14). The immunization coverage of the 
vaccine increased year by year, the RCV vaccination coverage of 
infants in China was at a high level (≥95%) in 2012 (14), which can 
effectively block the transmission of local RV, filling the 
immunization gap, enhancing the immune capacity of the 
susceptible population, resulting in the decrease of its incidence 
year by year. In 2014, rubella was officially included in the national 
measles surveillance system (measles and rubella surveillance based 
on individual cases and supported by laboratory tests). Until now, 
China has established a three-level (national, provincial, and 
prefectural) laboratory surveillance network for measles and 
rubella. These results indicate that a vaccination policy and a 
comprehensive disease surveillance system, including 
epidemiological and laboratory surveillance, can provide a robust 
foundation for rubella elimination in China. According to 
laboratory data reported by the National Institute for Viral Disease 
Control and Prevention and the Chinese Center for Disease Control 
and Prevention (15), from 2014 to 2023, RV IgM antibody testing 
was conducted in 90.16% of nationally reported surveillance cases, 
with an overall positivity rate of 7.99%. In contrast, RV nucleic acid 
testing was performed in only 37.37% of these cases, yielding an 
overall positivity rate of 7.59%. Notably, the positivity rate of rubella 
virus nucleic acid detection was lower than that of IgM antibody 
testing. The proportion of cases tested for RV IgM antibodies 

exceeded 90% annually throughout the study period, except for 
2014, and remained consistently high at approximately 97 to 98% 
between 2021 and 2023. Meanwhile, the proportion of cases 
undergoing RV nucleic acid testing increased steadily each year 
starting from 2014, stabilizing between 52 and 57% after 2020. To 
achieve rubella elimination targets, it is crucial to establish and 
maintain highly sensitive case surveillance systems, which represent 
a critical component of rubella elimination strategies. Particularly 
during the elimination phase, timely and accurate laboratory 
diagnosis for each suspected case is essential, as it provides critical 
epidemiological information that enables public health authorities 
to make rapid, evidence-based decisions, initiate timely 
interventions, and effectively prevent further viral transmission.

These trends are closely related to current disease surveillance and 
vaccination strategies in China (16). Although the incidence of rubella 
has declined to a relatively low level, the country has not yet achieved 
the rubella elimination goal proposed by the WHO. Rubella 
elimination is defined as “the absence of endemic rubella transmission 
in a defined geographical area (e.g., region or country) for ≥12 months 
and the absence of CRS cases associated with endemic transmission 
in the presence of a well-performing surveillance system” (17). The 
primary reason is that the gradual increase in rubella incidence among 
teenagers and adults in China (18, 19), along with the introduction of 
rubella virus (RV) genotypes imported from abroad in recent years 
(20), which has contributed to a resurgence in cases and outbreaks.

FIGURE 4

The long-term trend of rubella incidence in China from 2004 to 2021.
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From 2010 to 2021, the annual incidence decreased as RCV1 
coverage increased, indicating a statistically significant negative 
correlation. It suggests that RCV can effectively reduce the incidence 
of rubella and the risk of RV infection.

Therefore, it is suggested that China should carry out 
supplementary immunization activities (SIAs) for teenagers and 
young adults to improve their immunity while maintaining a high 
level of vaccine coverage for infants (21–23). Simultaneously, 
additional measures should be implemented, including active rubella 
epidemiological and laboratory surveillance, establishing a nationwide 
CRS surveillance system, especially focusing on imported cases and 
rubella virus genotypes abroad, and developing vaccines against 
emerging strains (24, 25).

4.2 Analysis and suggestions on the 
incidence of various regions

From 2004 to 2021, the average annual incidence of rubella was 
higher than 5 cases per 100,000 population in seven regions of China. 
It was primarily concentrated in the western and eastern parts of the 
country. In contrast, the average annual incidence in other regions 
remained below 5 cases per 100,000 population. This pattern may 
be due to relatively lower levels of economic development, healthcare 
capacity, and public health infrastructure in western China. The large 

population distribution and scattered residence of ethnic minorities 
in western China, coupled with inconvenient transportation, lead to 
delayed vaccination. Another fact is that a low level of primary 
medical care may lead to an inability to diagnose or misdiagnosis. At 
the same time, the diversity of ethnic languages makes it difficult to 
disseminate health- and vaccine-related knowledge. A significant 
mathematical correlation exists between the incidence of rubella and 
temperature and humidity (26). In addition, seasonal and 
meteorological factors influence the spread of rubella (27). RV is not 
heat resistant and can survive for extended periods at low 
temperatures. In western China, there are the Yunnan-Guizhou 
Plateau and Qinghai-Tibet Plateau, where the temperature difference 
between day and night is large and the annual average temperature is 
low, which creates certain favorable conditions for the survival of the 
rubella virus. Eastern China has a high level of economic development, 
convenient transportation, a large floating population, and dense 
population distribution, which provide certain conditions for the 
transmission of RV.

It is suggested that more attention and efforts be directed toward 
rubella elimination in economically underdeveloped regions of western 
China, where medical infrastructure remains limited. The central 
government should increase financial support to enhance local 
healthcare services, particularly at the primary care level, to improve 
timely vaccination rates and overall coverage, and implement context-
specific public health strategies. These should include raising awareness 

FIGURE 5

Distribution map of rubella incidence in different regions of China from 2004 to 2021.
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of the disease’s severity and the protective role of vaccines (24), 
strengthening pathogen surveillance, promptly interrupting transmission 
routes, and enhancing disease surveillance and vaccine management. 
Additionally, special focus should be placed on managing vaccination 
and surveillance efforts among the floating population in eastern China.

From 2004 to 2021, the incidence of rubella decreased in five regions, 
accounting for approximately one-sixth of the country. The decline rates 
exceeded 18% (ranging from −18.75 to −21.81%). These findings suggest 
that China’s prevention and control measures have achieved good results. 
However, nearly five-sixths of the regions exhibited stable trends, likely 
attributable to regional disparities in public health strategies. These 
disparities are correlated with geographical and climatic conditions, 
socioeconomic development levels, and variations in healthcare 
infrastructure and vaccination coverage. Therefore, there is still a long 
way to go to achieve the goal of rubella elimination nationwide, and more 
targeted prevention and control measures should be taken to reduce 
rubella cases and incidence rates.

4.3 Analysis and suggestions on the 
incidence of various age groups

The average annual incidence of rubella was higher than 4 cases 
per 100,000 population among children aged 0–9 years and teenagers 
aged 10–19 years. Such a high incidence may be related to the immune 

status, the number of doses, and the effectiveness of vaccines in 
children and teenagers. A 4-year prospective study reported that 
children aged 3 to 7 years who received a single dose of the measles-
mumps-rubella (MMR) vaccine exhibited waning immunity, with 
seroreversion and asymptomatic infections observed concurrently 
(28). A study analyzed and simulated the situation of various 
populations undergoing SIAs through a mathematical model and 
estimated the incidence and the burden of rubella and CRS (22). The 
results demonstrated that the immunization effect and economic 
benefits of teenagers were better than those of other groups, and the 
incidence and disease burden of RV infection and CRS could 
be  effectively reduced. It suggests that we  need to focus both on 
immunization coverage for children and on SIAs for teenagers in 
middle schools (29). As they age, young adults of marriageable age, 
especially women of childbearing age in low-income regions, are at 
greater risk of infection without SIAs. Other studies reported that the 
prevalence of rubella seropositivity is low among Chinese women of 
childbearing age, with significant regional differences. Over 40% of 
women were susceptible to rubella before pregnancy, especially those 
living in rural areas with relatively low GDP per capita (29, 30). This 
finding suggests that during premarital physical examinations for 
women of childbearing age, screening for RV infection and assessing 
RCV antibody levels should be conducted to reduce the risk of RV 
infection during early pregnancy and to lower the incidence of 
congenital rubella syndrome (CRS) in newborns (21, 31).

FIGURE 6

Distribution of rubella incidence with decreasing trends in five regions of China from 2004 to 2021.
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From 2004 to 2021, the incidence of rubella declined in thirteen age 
groups in China, accounting for approximately 50.00% of all age groups. 
The age distribution followed a distinct pattern, with declines primarily 
observed among children (0–9-year-olds) and older adults (50–54-year-
olds, 70–74-year-olds, and 75–79-year-olds). The corresponding AAPC 
values ranged from −29.96% to −14.35% in children and from −13.13% 
to −8.27% in older adults. The significant decrease in incidence across 
most age groups suggests that China’s prevention and control measures 
have been highly effective. The downward trend among children is 
closely linked to the routine infant immunization programs currently 
implemented nationwide. Upon reviewing relevant references and 
policy documents, we  contend that the decreasing trend in the 
incidence among children is associated with the current routine 

immunization program for infants in China. This population was born 
between 2004 and 2021, and their immunization status is not only 
influenced by factors such as the type, timing, dosage, and efficacy of 
vaccines, but also by the immunization policies implemented during 
this period. For instance, since 2008, RCV has been incorporated into 
the national expanded immunization program, and infants at 8 months 
and 18 to 24 months of age have received two doses of RCV vaccines 
free of charge. In 2014, rubella was officially included in the national 
measles surveillance system. In 2019, the “Vaccine Administration Law 
of the People’s Republic of China” explicitly stipulates that within one 
month after a child’s birth, the guardian should go to the vaccination 
unit or the birth hospital in the child’s place of residence to handle the 
vaccination certificate. When children enter kindergartens or schools, 

TABLE 1 The long-term trends of rubella incidence in the whole country and 31 regions from 2004 to 2021.

Regions Trends AAPC (%) AAPC 95%CI (%) Z P-value

Lower CI Upper CI

Beijing Stable −10.15 −20.68 1.78 −1.683 0.092

Tianjin Stable −9.60 −26.81 11.65 −0.937 0.349

Hebei Stable 3.75 −30.59 55.07 0.179 0.858

Shanxi Stable −6.02 −22.65 14.18 −0.625 0.532

Inner Mongolia Stable −6.46 −32.25 29.14 −0.406 0.685

Liaoning Stable 1.39 −30.96 48.91 0.071 0.944

Jilin Decrease −21.07 −31.99 −8.40 −3.114 0.002

Heilongjiang Stable 10.28 −36.46 91.41 0.348 0.728

Shanghai Stable 1.39 −16.23 22.70 0.141 0.888

Jiangsu Stable 1.40 −13.48 18.83 0.171 0.864

Zhejiang Decrease −18.91 −28.12 −8.51 −3.404 <0.001

Anhui Stable −2.51 −13.59 9.98 −0.414 0.679

Fujian Stable −3.15 −11.72 6.25 −0.733 0.474

Jiangxi Stable −3.66 −15.22 9.47 −0.572 0.567

Shandong Stable −5.22 −30.77 29.77 −0.334 0.738

Henan Stable −11.14 −21.27 0.29 −1.913 0.056

Hubei Stable 11.80 −10.82 40.15 0.967 0.334

Hunan Stable 18.60 −30.29 101.78 0.629 0.529

Guangdong Stable 4.31 −5.98 15.72 0.861 0.402

Guangxi Stable −3.93 −18.41 13.12 −0.481 0.631

Hainan Stable 15.54 −26.76 82.28 0.621 0.534

Chungking Stable −0.96 −9.93 8.91 −0.215 0.833

Sichuan Stable −7.04 −14.37 0.90 −1.887 0.077

Guizhou Decrease −14.44 −25.80 −1.33 −2.145 0.032

Yunnan Stable −3.20 −19.02 15.71 −0.357 0.721

Tibet Stable −10.19 −45.40 47.70 −0.424 0.672

Shaanxi Stable −7.89 −17.56 2.91 −1.453 0.146

Gansu Stable 12.22 −28.37 75.79 0.503 0.615

Qinghai Stable 4.05 −26.48 47.24 0.224 0.823

Ningxia Decrease −19.49 −28.89 −8.84 −3.421 <0.001

Sinkiang Decrease −19.99 −27.01 −12.30 −4.763 <0.001

Mainland China Stable −4.45 −15.81 8.44 −0.71 0.481
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kindergartens and schools should inspect the vaccination certificates to 
ensure the completion of the immunization program vaccines 
(including two doses of RCV vaccines), thereby preventing the spread 
of infectious diseases in schools.

Rubella incidence among older adults showed a decreasing trend. 
however, the remaining 13 age groups (50.00%) exhibited stable 
trends. These findings suggest that young people and adults in China 
continue to face a high risk and disease burden, highlighting the need 
for SIAs targeting these populations.

Studies have shown that MMR is safe and effective in preventing 
measles, rubella, and mumps; it is not only well tolerated in prophylaxis 
(32), but also consistently performs well in post-exposure prophylaxis 
(33). It suggests that the MMR triple or the measles, mumps, rubella, 
and varicella vaccine (MMRV) quadruple vaccine can be  used to 
prevent infectious diseases, including measles, mumps, and chickenpox, 
while preventing rubella, which can effectively reduce the economic 
cost of the vaccine. The safety and efficacy of MMR are confirmed, but 
its durability needs further study. Several recent studies have shown 

FIGURE 7

The number of cases and the average annual incidence of rubella in different age groups from 2004 to 2021.

FIGURE 8

Distribution of the long-term trends of rubella incidence in different age groups from 2004 to 2021.
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that rubella seropositivity rates and IgG levels in individual populations, 
especially in younger immunized populations, decrease with time since 
vaccination (34–37). It suggests that the effectiveness of vaccines varies 
from person to person and is affected by various factors, so personalized 
vaccination and booster strategies should be developed for individuals.

4.4 Limitations

The data used were obtained through passive surveillance, which 
may involve reporting delays. Additionally, the analysis was based on 
annual incidence data at the national and regional levels, lacking a 
detailed analysis of inter-regional trends at the prefecture level or 
below. Consequently, there may be some discrepancies between the 
findings and the actual disease patterns on a more localized scale.

4.5 Summary

From 2004 to 2021, the overall incidence of rubella in China declined 
to a relatively low level, largely due to improved disease surveillance and 

high RCV coverage. A significant downward trend was observed in 
one-sixth of the regions and among children aged 0–9 years. However, 
rubella continues to pose a public health risk in the remaining five-sixths 
of the regions and among teenagers and adults. To address these gaps, it 
is recommended that increased financial support be  allocated to 
economically underdeveloped areas with limited healthcare infrastructure 
to improve timely vaccination coverage. Additionally, disease surveillance 
and vaccine management should be strengthened in regions with large 
migrant populations. SIAs targeting adolescents and adults are also 
recommended to enhance vaccine coverage and herd immunity, thereby 
reducing RV infections and the incidence of CRS.

Data availability statement

The datasets presented in this study can be  found in online 
repositories. The names of the repository/repositories and accession 
number(s) can be  found below: Rubella database, Public Health 
Science Data Center, Chinese Center for Disease Control and 
Prevention (https://www.phsciencedata.cn/Share/ky_sjml.jsp?id=6cef98f7-8292- 
46ec-8153-76eabbbd2b67).

TABLE 2 The long-term trends of rubella incidence in 26 age groups from 2004 to 2021.

Age groups Trends AAPC (%) AAPC 95%CI (%) Z P-value

Lower CI Upper CI

0- Decrease −14.24 −23.68 −3.64 −2.583 0.010

1- Decrease −18.41 −24.79 −11.49 −4.898 <0.001

2- Decrease −20.90 −27.55 −13.64 −5.232 <0.001

3- Decrease −22.89 −29.98 −15.08 −5.279 <0.001

4- Decrease −25.43 −33.59 −16.27 −4.963 <0.001

5- Decrease −28.89 −37.45 −19.16 −5.212 <0.001

6- Decrease −30.09 −40.49 −17.89 −4.360 <0.001

7- Decrease −29.86 −40.28 −17.63 −4.324 <0.001

8- Decrease −22.30 −29.78 −14.01 −4.880 <0.001

9- Decrease −17.31 −23.89 −10.18 −4.500 <0.001

10- Stable 1.38 −10.88 15.31 0.208 0.835

15- Stable 21.80 −27.72 105.23 0.741 0.459

20- Stable 26.28 −22.94 106.92 0.926 0.354

25- Stable 3.36 −12.70 22.37 0.383 0.702

30- Stable 5.96 −9.33 23.84 0.728 0.466

35- Stable 6.77 −8.98 25.25 0.804 0.421

40- Stable 1.22 −5.86 8.83 0.355 0.728

45- Stable −1.10 −14.31 14.16 −0.151 0.880

50- Stable −6.47 −24.93 16.53 −0.596 0.551

55- Stable −7.69 −18.40 4.42 −1.272 0.203

60- Stable −7.73 −16.33 1.76 −1.610 0.107

65- Stable −6.37 −22.27 12.78 −0.694 0.488

70- Decrease −12.45 −18.91 −5.47 −3.398 <0.001

75- Stable −8.51 −22.09 7.45 −1.084 0.278

80- Increase 4.85 3.79 5.92 9.136 <0.001

85- Stable −7.50 −24.59 13.46 −0.748 0.454
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