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ABSTRACT
2-dose measles-mumps-rubella (MMR) vaccine was recommended for children in Shanghai in 
November 1996 and incorporated into Shanghai immunization program in December 2008. We described 
the mumps epidemiology and assessed impact of the 2-dose MMR vaccination in Changning district, 
Shanghai, 1990–2017. We obtained the MMR vaccination coverage for children born during 1995–2015 
and examined the incidence and disease characteristics of mumps during 1990–2017. The 1st dose MMR 
coverage had maintained above 95% since 1999 birth cohort. The 2nd dose MMR coverage reached above 
90% since 2006 birth cohort. A total of 13,388 cases were reported during 1990–2017. The incidence 
decreased from 315.2 per 100,000 population in 1990 to 8.8 per 100,000 population in 2017. Of the 13,388 
cases, 7585 (56.7%) were male and 91.7% were 1–14 years of age and 86.8% were children in kindergar
tens and students in schools. Compared with 1990–1996, the incidence had a significant decrease in 0–4 
and ≥15 years in 1997–2008 and in all age groups in 2009–2017. A later birth cohort was associated with 
a lower incidence in children covered by MMR vaccination. In Conclusions, the incidence of mumps has 
dramatically declined with high coverage of 2-dose MMR in Changning district, Shanghai. Children in 
kindergartens and schools are still the most affected populations. An increase in incidence in adults has 
not occurred after 20 years of MMR vaccination. Long-term surveillance is needed to fully evaluate the 
impact of MMR vaccination policy.
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1. Introduction

Mumps is known as a common infectious disease in children, 
characterized by swelling of the parotid and other salivary 
glands. Although this infection in the majority cases is mild, 
its complications, such as aseptic meningitis, orchitis, and 
pancreatitis are serious. Mumps cases have been frequently 
reported in China in school-age children younger than 
15 years, particularly aged 5–9 years.1,2

In countries where large-scale immunization against 
mumps has been implemented, the incidence of the disease 
has dropped dramatically.3 As of January 2020, 122 (62.9%) of 
the 194 WHO member states use mumps vaccines in their 
national immunization program, most of which used the com
bined measles-mumps-rubella (MMR) vaccine.4 In 
November 1996, Shanghai started mumps vaccination in the 
form of MMR with a 2-dose schedule, administered at 
12–18 months and 4 years of age on a voluntary and self-paid 
basis. In December 2008, the 2-dose MMR schedule was incor
porated into Shanghai immunization program and routinely 
offered free of charge to children aged 18 months and 4 years. 
Different vaccine strains have been used as the mumps vaccine 
antigen in Shanghai. The Jeryl-Lynn strain (Merk) was admi
nistered since 1996, and it coexisted with the RIT4385 strain 
(GlaxoSmithKline) in 2005–2008. RIT4385 strain and S79 
strain (Shanghai Institute of Biological Products) were admi
nistered in 2009–2012. In 2013–2017, only the S79 strain was 

administered in Shanghai. According to the Changning CDC, 
the S79 strain accounted for the majority (about 57%) of MMR 
vaccination counts in Changning in 1996–2017, followed by 
the Jeryl-Lynn strain (about 28%) and the RIT4385 strain 
(about 15%). Meta-analysis showed that mumps-containing 
vaccine was effective at preventing mumps in the Chinese 
population.5 With widespread use of MMR in target children, 
the incidence of mumps in Shanghai decreased gradually from 
247.6 per 100,000 population in 1990 to 11.0 per 100,000 
population in 2015, resulting in 95% decline in reported 
mumps incidence.6

A resurgence of mumps epidemic in highly vaccinated ado
lescents and young adults has occurred in recent years in many 
countries. The most recent examples are the outbreaks in the 
United States and several European countries.7,8 This sparked us 
to focus on the epidemiology characteristics of mumps in 
Shanghai, where the MMR vaccination has been implemented 
for more than 20 years. 2-dose MMR schedule can achieve the 
goal of controlling measles, mumps, and rubella simultaneously. 
Despite the current vaccination program, approximately average 
3,000 mumps cases per year were reported in Shanghai in the 
past decade, which was almost ten-times compared to those of 
measles and rubella.9 This epidemiological data suggest that the 
mumps vaccine and disease control remain a challenge in 
Shanghai. In addition, pathogen monitoring suggests that geno
type F of mumps virus is the predominant genotype in China. It 
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was first identified in 1995 and continuously circulated through
out the country since then.1,2,10 Genotype F was also the pre
dominant genotype in Changning in 2017–2018.11 This raises 
the question of whether the commonly used three vaccine 
strains, which belong to genotype A, provide adequate long- 
term protection against genotype F. The persistent occurrence 
of mumps cases requires careful monitoring and more effective 
public health measures should be adopted in Shanghai. The aim 
of this study was to describe the time trends and demographic 
characteristics of mumps in the urban area of Shanghai during 
three periods: 1990–1996 (prevaccination period), 1997–2008 
(recommended vaccination period, when MMR vaccination 
was on self-paid basis) and 2009–2017 (mandatory vaccination 
period, when MMR vaccination was free of charge). Our find
ings can provide the epidemiological basis for improving immu
nization strategies for mumps control.

2. Materials and methods

2.1. Study site

Changning district is located in the west of central urban area 
and bordered the suburbs of Shanghai. It represents the aver
age level of development of Shanghai. Based on the annual 
census data from Shanghai municipal Bureau of Statistics, 
Changning has an area of 38 km2 and comprised 720,000 
inhabitants in 2017, 140,000 of whom were migrants from 
other provinces.

2.2. Data

Data on MMR vaccination were retrieved from Shanghai 
Immunization Program Information System (SIPIS), which 
was established in 2012. SIPIS is an electronic registry for 
storing individual-level immunization information for indivi
duals born in 2005 and after. Those born in 1995–2004 could 
have their immunization information been checked through 
paper-based records kept by immunization clinics of 
Changning. We used children enrolled in immunization record 
system (paper-based immunization card/SIPIS) in the end of 
2016 to define birth cohorts from 1995 to 2015. We calculated 
the 1st and 2nd dose of MMR (MMR1 and MMR2) vaccination 
coverage by using the number of children who had received the 
MMR1and MMR2 till the end of the 2nd and 5th year, respec
tively, after their birth divided by the total number of children 
in the corresponding birth cohorts.

Data on mumps cases between January 2005 and 
December 2017 were obtained from the National Notifiable 
Diseases Reporting System (NNDRS), which was established in 
2004 in China. Mumps cases between January 1990 and 
December 2004 could be obtained from paper-based infectious 
disease report cards by the Changning CDC. Information on 
the notified cases included case number, date of symptom 
onset, and demographic characteristics, such as gender, birth 
date, occupation, household registration, and residential 
address. All mumps cases were identified according to the 
diagnostic criteria for mumps approved by the Ministry of 
Health of China.12 The diagnosis of the case was based on 
clinical manifestations and associated laboratory test results.

In Shanghai, a mumps outbreak is defined as the occurrence 
of five mumps cases in a community, school, company, or 
other setting within 14 days. For each reported mumps out
break, Changning CDC conducted a field investigation to 
collect information on demographic characteristics (birthday, 
gender, and occupation), clinical presentations, onset date of 
symptoms, MMR immunization status and contacts.

2.3. Statistical analysis

Overall and household registration, age, and birth cohort- 
specific incidence rates of mumps were calculated. Since we 
lacked detailed information about migrants in terms of age 
groups or birth cohorts, the age and birth cohort-specific 
incidence of mumps were calculated only for local population. 
Demographic characteristics of mumps cases such as sex, age, 
and occupation were analyzed. Several statistical indicators in 
the research can be calculated as follows: the annual incidence 
rate = the annual number of cases/the annual popula
tion*100,000; the average sex ratio: the total male cases/the 
total female cases; the average annual incidence rate: the aver
age annual number of cases/the average population*100,000. 
Student’s t test was used to compare MMR coverage rates. 
Period rate ratio for incidence (IRR) was calculated using 
negative binomial regression. The first period (1990–1996) 
was taken as the reference and then the IRR was expressed as 
the ratio between the period rates (overall and by age group).

The data were analyzed with Stata12.0 (Statacorp LP, USA), 
with a two-sided significance level of p < .05.

3. Results

3.1. MMR vaccination coverage

The total coverage rate of MMR1 increased from 80.5% in 1995 
birth cohort to 94.9% in 1998 birth cohort and had maintained 
above 95% since 1999 birth cohort (Figure 1a). The total cover
age rates of MMR2 maintained under 40% in 1995–2001 birth 
cohorts and mounted from 57.9% in 2002 birth cohort to 
82.9% in 2005 birth cohort, following which had been above 
90% since 2006 birth cohort (Figure 1b).

For birth cohorts 1995–2005 (offered MMR1 on self-paid 
basis), MMR1 coverage rates were 82.0–99.1% (mean: 94.8%, 
median: 97.2%) in local children and 77.7–93.4% (mean: 
89.7%, median: 91.1%) in migrant children. Local children 
had higher MMR1 coverage than migrants (Student’s t test: 
t = 2.133, p = .045). For birth cohorts 2006–2015 (birth cohorts 
2007–2015 offered MMR1 free of charge), MMR1 coverage 
rates had maintained over 95% both in local and migrant 
children.

For birth cohorts 1995–2004 (offered MMR2 on self-paid 
basis), MMR2 coverage rates were 17.6–82.3% (mean: 43.0%, 
median: 37.4%) in local children and 13.9–57.7% (mean: 
31.3%, median: 28.0%) in migrant children. No significant 
difference was found in MMR2 coverage between locals and 
migrants (Student’s t test: t = 1.435, p = .169). For birth cohorts 
2005–2012 (offered MMR2 free of charge), MMR2 coverage 
rates were above 95% since 2007 birth cohort in local children 
and since 2010 birth cohort in migrant children.
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3.2 Mumps epidemiological features

3.2.1. Overall assessment

During 1990–2017, 13,388 cases of mumps were reported to 
the Changning CDC. The annual incidence rate decreased by 
97.2% from 315.2 per 100,000 population (1749 cases) in 1990 
to 8.8 per 100,000 population (64 cases) in 2017. In 1990–1996, 
mumps was characterized by interepidemic periods of 
1–2 years, with an incidence peak of 364.2 per 100,000 popula
tion (2121 cases) recorded in 1992. In 1997–2008, the incidence 
decreased gradually from 146.0 per 100,000 population (1045 
cases) in 1997 to 17.8 per 100,000 population (136 cases) in 
2008, with a small epidemic peak in 2001. In 2009–2017, the 

incidence ranged between 7.9 per 100,000 population (57 cases, 
2014) and 15.1 per 100,000 population (122 cases, 2009), with 
no apparent epidemic peaks (Figure 2).

3.2.2. Outbreaks
Shanghai started mumps outbreaks surveillance since 2001. 
During 2001–2017, a total of 12 outbreaks with 202 cases 
were reported to the Changning CDC. In each outbreak, the 
average number of outbreak-related cases was 17. The out
breaks all occurred in primary school or middle school 
between 2001 and 2005. Since 2006, no outbreak had been 
reported. All the 202 outbreak-related cases were born between 
1988 and 1996. Of the 202 cases, 195(96.5%), 7(3.5%) and 0 

Figure 1. Vaccination coverage rates of MMR in Shanghai Changning. (a) The 1st dose of MMR vaccination coverage for children born during 1995–2015. (b) The 2nd 
dose of MMR vaccination coverage for children born during 1995–2012.
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(0%) had received 0 dose, 1 dose, and 2 doses of MMR, 
respectively.

3.2.3. Incidence by household registration
Mumps became a notifiable disease in Shanghai in 1990 for 
local population and in 1993 for migrants. During 1990–2017, 
local cases accounted for a majority (12147 cases, 90.7%) com
pared to the migrant cases (1241 cases, 9.3%). The fluctuation 
of mumps incidence between local and migrant population 
followed different patterns in 1997–2008. The incidence of 
mumps decreased rapidly in local population since the intro
duction of MMR in 1996, while it maintained periodic epi
demics with epidemic peaks every 3–5 years and reached 
a peak of 156.1 per 100,000 population (164 cases) in 2001 in 
migrants. In 2009–2017, the incidence of mumps in locals and 
migrants both maintained relatively at low levels. The average 
annual incidence of mumps was 11.2 per 100,000 population in 
locals and 11.7 per 100,000 population in migrants (Figure 3).

3.2.4. Distribution by sex, age and occupation
Of the 13,388 mumps cases, 7585 (56.7%) were male and 5803 
(43.3%) were female, with average annual ratios of 1.3: 1, 1.4: 1, 
and 1.7: 1 in 1990–1996, 1997–2008, and 2009–2017, 

respectively. The majority (12,275, 91.7%) of the cases was 
1–14 years of age. 54 cases (0.4%) were <1 year of age and 
1059 cases (7.9%) were ≥15 years of age. The proportion of 
cases in children aged 1–4 years decreased from 50.2% in 
1990–1996 to 17.6% in 1997–2008 and increased to 24.7% in 
2009–2017. Children aged 5–9 years accounted for 37.6% of 
cases in 1990–1996, which increased in 48.5% in 1997–2008 
and decreased in 44.8% in 2009–2017. The proportion of cases 
in children aged 10–14 years increased from 6.7% in 
1990–1996 to 21.9% in 1997–2008 and decreased to 11.6% in 
2009–2017. Adolescents and adults aged ≥15 years accounted 
for only 4.9% of cases in 1990–1996, which increased to 11.8% 
in 1997–2008 and further increased to 18.9% in 2009–2017.The 
median age of cases increased from 4 years (interquartile range: 
3–7 years) in 1990–1996 to 7 years (interquartile range: 
5–10 years) in 1997–2008 and maintained at 7 years (inter
quartile range: 5–10 years) in 2009–2017. 11615 cases (86.8%) 
occurred among children in kindergartens and students in 
schools, followed by adults (7.0%) and pre-school children 
and infants (6.3%)(Figure 4).

3.2.5. Mumps incidence by age in local population
In 1990–1996, the most affected age group was 0–4 years with 
the average annual incidence rate of 2043.3 per 100,000 popu
lation, followed by 5–9 years (1066.0/100,000) and 10–14 years 
(246.7/100,000). In 1997–2008 and 2009–2017, children aged 
5–9 years became the age group with the highest incidence of 
mumps (783.5/100,000 in 1997–2008 and 176.1/100,000 in 
2009–2017), followed by those aged 0–4 years (423.2/100,000 
in 1997–2008 and 78.9/100,000 in 2009–2017) and 10–14 years 
(228.7/100,000 in 1997–2008 and 47.1/100,000 in 2009–2017). 
Adolescents and adults aged ≥15 years had the lowest incidence 
of mumps in the three periods (11.7/100,000 in 1990–1996, 5.9/ 
100 000 in 1997–2008 and 2.0/100 000 in 2009–2017) (Figure 5, 
Table 1). After the introduction of MMR in 1996, the incidence 
had a decreasing trend in all age groups. The small epidemic 
peak in 2001 was caused by an increasing incidence in 5–9 and 
10–14 years age group (Figure 5).

Taking the period of 1990–1996 as a reference, negative 
binomial regression showed that the incidence had 
a significant decrease among children aged 0–4 years and ado
lescents and adults aged ≥15 years, while it had a small but non- 
significant decrease in children aged 5–9 and 10–14 years in 
1997–2008 (Table 1). Mumps incidence trends over time were 
different by age group, suggesting the possibility of a cohort 
effect. Compared to 1990–1996, the incidence had a significant 
decrease in all age groups in 2009–2017, with the largest decline 
in children aged 0–4 years (IRR = 0.04) (Table 1).

3.2.6. Incidence by birth cohort in local population
According to the use of MMR, 1985–1989 and 1990–1994 birth 
cohorts were those who were presumably unvaccinated or with 
very limited vaccination coverage of MMR. High mumps inci
dences were evident in these two birth cohorts and an 
increased incidence was observed in 1990–1994 birth cohort 
in 5–14 years (Figure 6).

The cohorts born from 1995 to 2014 represented those who 
were covered by MMR vaccination. In general, the incidence of 
mumps decreased in all birth cohorts and the peak of the 

Figure 2. Annual number of mumps cases and incidence rates of mumps in 
Shanghai Changning, 1990–2017.

Figure 3. Mumps incidence rates by household registration in Shanghai 
Changning, 1990–2017.
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incidence of 3–6 years was observed in every birth cohort. 
A later birth cohort was associated with a lower incidence in 
children of the same age, suggesting that the age distribution of 
mumps cases had not yet shifted to the older age group in 
vaccine-covered children.

4. Discussion

MMR was available in Shanghai in 1996. As a more developed 
city in China, the coverage of MMR1 still reached 80.5% in 
1995 birth cohort and maintained above 95% since 1999 birth 

Figure 4. Proportion of mumps cases by demographic group in Shanghai Changning,1990–2017. (a) Proportion of cases by gender. (b) Proportion of cases by age 
group. (c) Proportion of cases by occupation.
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cohort even on a voluntary and self-paid basis. According to 
Shanghai immunization program, 2-dose measles vaccine was 
routinely offered free of charge to children aged 8 months and 
4 years between 1996 and 2005. The vaccination of MMR2 for 
children aged 4 years coincided with the 2nd dose of measles 
vaccine and the coverage of MMR2 maintained fewer than 40% 
in 1995–2001 birth cohorts. In 2006, when the 2nd dose of 
measles vaccine was moved from 4 years to 18 months of age, 
the coverage of the 2nd dose of MMR began to mount rapidly 
and reached 90% since 2006 birth cohort in mandatory vacci
nation period.

Our study showed that high coverage of MMR in suscep
tible children was associated with significant decline in mumps 
incidence rate and the control of mumps outbreaks in 
Shanghai Changning. The average annual incidence rate of 
mumps decreased dramatically from 199.1 per 100,000 popu
lation in the prevaccination period to 45.6 per 100,000 popula
tion in recommended period, followed by a further decrease to 
10.0 per 100,000 population in mandatory period (Table 1). 
Identical decreases in incidence were found in countries 
recommending vaccination against mumps. In 1967, mumps 
vaccine was licensed in the United States, and by 2005 high 
2-dose childhood vaccination coverage reduced disease rates 
by >99%.13 In England, hospital admissions for mumps ence
phalitis decreased by 98% after the introduction of MMR in 
1988.14 Finland introduced national mumps vaccination in 
1982 and was free of indigenous mumps 16 years later.15 

Other American and European countries have experienced 
similarly substantial reductions. Among the countries using 
a 2-dose schedule, the reductions ranged from 97% to more 
than 99%. Among countries using a 1-dose schedule, the 
reductions ranged from 88% to 98%.16

MMR consists of live-attenuated mumps virus and the 
vaccination of MMR is similar to the natural infection of 
mumps virus. Widespread use of MMR could protect the 
majority of susceptible children and block the transmission of 
mumps. For birth cohorts 1995–2004, local and migrant chil
dren both had lower average vaccination coverage rate of 
MMR2, but local children had higher MMR1 coverage than 
migrants for birth cohorts 1995–2005. Correspondingly, the 
fluctuation of mumps incidence between locals and migrants 
followed different patterns in 1997–2007. A rapid decline in 
mumps incidence in locals and periodic epidemics of mumps 
in migrants were observed, suggesting a high coverage of MMR 
was needed to block transmission of mumps when 1-dose of 
MMR was used for mumps control. There are different assess
ments regarding the herd immunity threshold for mumps. 
According to two mathematical models, the herd immunity 
threshold of 85–90% would be needed to prevent circulation of 
the mumps virus17,18 and one study estimated the threshold of 
88–92%.19 We assumed 90% as the herd immunity threshold 
for mumps. The meta-analysis showed that initial seroconver
sion rates for mumps virus-neutralizing antibodies after MMR 
vaccination with Jeryl-Lynn strain were 92–98%.20 

A seroconversion rate for mumps antibodies reported in chil
dren aged 12–16 months was 95.2% in Shanghai in 1998.21 We 
assumed 95% as the initial seroconversion rate for mumps 
antibodies. To block transmission of mumps, the coverage of 
one dose MMR was then calculated to be at least 95% (95% 
coverage rate*95% seroconversion rate = 90% herd immunity 
threshold). Nevertheless, even 95% coverage brings the popu
lation immunity (90%) effectiveness near the putative herd 
immunity threshold, areas of high population densities, and 
high contact rates (like kindergartens and schools), which 

Figure 5. Mumps incidence rates by age groups in Shanghai Changning, 
1990–2017.

Table 1. Mumps incidence rates, incidence rate ratios (IRR) by period and age group.

Average annual incidence 
Rates (1/100,000)a Incidence rate ratios(IRR)b

Age group 
(years) 1990-1996 1997-2008 2009-2017 1997-2008(95%CI) p 2009-2017(95%CI) p

0-4y 2043.3 423.2 78.9 0.19(0.10-0.35) <0.001 0.04(0.02-0.07) <0.001
5-9y 1066.0 783.5 176.1 0.59(0.35-1.01) 0.053 0.17(0.10-0.30) <0.001
10-14y 246.7 228.7 47.1 0.83(0.52-1.33) 0.440 0.19(0.11-0.32) <0.001
≥15y 11.7 5.9 2.0 0.51(0.35-0.74) <0.001 0.17(0.11-0.26) <0.001
Total 199.1 45.6 10.0 0.23(0.13-0.40) <0.001 0.05(0.03-0.09) <0.001

aAverage annual incidence rate: the average annual number of cases/the average population*100,000. 
bNegative binomial regression (reference period 1990–1996).

Figure 6. Age-specific mumps incidence rates by birth cohort in Shanghai 
Changning.
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facilitate transmission, may require an increased level of group- 
specific immunity.22,23 Thus, 2-dose MMR inoculation in chil
dren seemed necessary to provide another opportunity to the 
recipients, who might have had primary immune failure or be 
missing an inoculation. In China, a routine 1-dose MMR 
vaccine schedule has been offered to children aged 
18–24 months since 2008. However, mumps has not been as 
effectively controlled as our study reported.1,2,24 Low coverage 
rate of MMR in underdevelopment region in China and 1-dose 
MMR strategy could be important reasons.

In our study, the proportion of mumps cases in 5–9 years, 
10–14 years and ≥15 years all increased after the introduction 
of MMR. The median age of cases shifted from 4 years in 
prevaccination period to 7 years in the two vaccination periods. 
Negative binomial regression confirmed that no statistically 
significant decreases in mumps incidence rates were observed 
in 5–9 and 10–14 years in 1997–2008 compared to the period 
of 1990–1996. Birth cohort effect may have affected the age- 
shift over time. When MMR was initially used in Shanghai in 
1996, it was recommended to children on a voluntary and self- 
paid basis. There was no catch-up vaccination of MMR in 
susceptible children aged 1–14 years. Children born before 
1995 were presumably unvaccinated or with very limited vac
cination coverage of MMR. Mumps incidence by birth cohort 
showed high incidences were evident in 1985–1989 and 
1990–1994 birth cohorts. These birth cohorts were often con
sidered as “lost cohorts,” who were too old to have been offered 
MMR vaccination routinely but nevertheless grew up at a time 
when mumps circulation had been reduced sufficiently for 
them not to acquire natural immunity. A lack of catch-up 
vaccination activities may have left a pool of susceptible that 
account for the shift in age distribution. Moreover, later birth 
cohort often associated with less chance of natural infection. As 
a result, the highest incidence in 5–14 years was observed in 
1990–1994 birth cohort. The cohorts born after 1994 repre
sented those who covered by MMR vaccination. Sharp reduc
tions in mumps incidence were observed in 1995–2014 birth 
cohorts in children aged 1–14 years. We did not observe shift 
over time in age groups. In each birth cohort, 3–6 years were 
mostly affected, which was still similar to the age distribution 
in prevaccination period.

A resurgence of mumps epidemic in highly vaccinated ado
lescents and young adults has occurred in recent years in many 
countries, which could be explained by insufficient vaccine 
effectiveness, waning immunity, periodicity of the disease or 
genetic divergences of vaccine and wild-type strains.25–28 In 
Shanghai Changning, the majority of mumps cases was still 
reported among children in kindergartens and schools after 
20 years of MMR vaccination and no mumps epidemic 
among adolescents or young adults was reported in the vaccine 
era. Reasons might be: (1) People aged ≥20 years in Shanghai 
Changning were mostly born in the prevaccine era. They might 
develop immunity through natural infection in their childhood. 
(2) Before the resurgence of vaccinated cases, mumps incidence 
in those countries was much lower than in Changning. In the 
United States, for example, the mumps incidence reached about 
one in a million before the resurgence of mumps epidemic. 
Mild circulating levels of wild virus in Changning might help 
to stimulate immunological memory in vaccinated persons and 

therefore protect them from mumps disease. (3) With sustain
ing decline in mumps incidence and complication rate in vac
cine era, expectations that mumps appears in pediatric rather 
than adult population may bias disease reporting, especially 
when mumps surveillance is based on clinical diagnosis.

The strengths of our study are deserved to mention. We 
obtained data on mumps cases for 28 years including prevaccina
tion and vaccination periods in Shanghai Changning. In addition, 
we obtained clear data on MMR vaccination coverage in target 
children which allowed analyzing the relationship between vacci
nation coverage and mumps epidemiological characteristics.

There are at least three limitations in our study. First, most 
mumps cases were clinically diagnosed. Misdiagnosis of cases was 
likely to occur. Considering most of the cases should have been 
vaccinated with MMR, the number of cases in vaccination period 
may therefore be overestimated. Nonetheless, the data obtained 
via a national surveillance-based method is a reasonable surrogate 
for population-level data. Second, because of the characteristics of 
the observed approach, the findings in this study can only suggest 
causation, but cannot prove it. Third, MMR immunization cover
age among the population born before 1995 was unknown in our 
study. But that coverage was very likely to be lower than that 
among the population born in or after 1995.

5. Conclusions

Our study shows that the overall incidence rates of mumps have 
dramatically declined with high coverage rate of 2-dose of MMR 
in mandatory vaccination period in Shanghai Changning. To 
achieve the goal of further controlling mumps while maintain
ing the high coverage rate of MMR, the inclusion of sensitive 
diagnostic technology such as PCR in the case definition of 
mumps seems necessary to establish whether the mumps virus 
remains in circulation in Shanghai. In addition, when young 
adults born before the introduction of MMR is gradually 
replaced by the population whose protection against mumps 
comes only through vaccination, the long-term surveillance of 
the impact of the MMR vaccination policy is greatly needed.
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