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ABSTRACT
In 2016, an outbreak of mumps occurred in a primary school in China with a student population having
high vaccination coverage. An unmatched case-control study was performed to identify risk factors
contributing to this outbreak, and a retrospective cohort study was conducted to evaluate the effec-
tiveness of mumps-containing vaccine (MuCV). A total of 97 cases were identified during the outbreak,
and the overall attack rate was 8.2%. Among students with confirmed vaccination status, 90% had
received at least one dose of MuCV. Cases were more likely than non-cases to report taking the school
bus during the epidemic period (adjusted OR = 2.3, 95% CI: 1.4–3.7). Vaccine effectiveness (VE) was
higher for two-dose MuCV (76%, 95% CI:49â€“89%) than for one-dose MuCV (59%, 95% CI: 36â€“74%.
The protection afforded by both one-dose and two-dose MuCV waned over time, from 82% among
students vaccinated within 5 years to 41% among those vaccinated more than 10 years previously for
one-dose VE, and from 90% to 25% over the same time period for two-dose VE. We found that outbreaks
of mumps can occur in schools despite high coverage of one-dose MuCV vaccination. Although the VE
of both two-dose and one-dose MuCV wanes over time, the overall VE for two-dose MuCV was superior
than that of one-dose MuCV. Therefore, a two-dose MuCV schedule through routine services is likely
needed in order to control mumps epidemics in China.
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Introduction

Mumps is an infectious disease caused by the mumps virus
and manifesting clinically as swollen salivary glands, fever,
and headache.1 Mumps is a vaccine-preventable disease, and
mumps-containing vaccine (MuCV) is used in almost all 194
WHO member countries.2 As the effectiveness of the mumps
vaccine is about 80%, two doses of the vaccine are generally
needed to achieve herd immunity.1 Moreover, a third dose of
the measles–mumps–rubella (MMR) vaccine has been recom-
mended to improve control over mumps outbreaks.3,4 By the
end of 2016, 121 out of 194 WHO member countries used the
MMR vaccine for routine immunization, and 102 countries
implemented the two-dose MMR vaccination.2,5

Consequently, the incidence of mumps has fallen dramati-
cally, and mumps has been to some extent overlooked in
recent years. However, large outbreaks occurring in highly
immunized populations and in some industrialized countries
have sparked renewed interest in mumps.6-9

In China, both genotypes F (99.0%) and G (1.0%) were identi-
fied between 2013 and 2015, genotype F being the predominant
genotype over the previous 20-year period.10 However, the
mumps vaccine is manufactured using the S79 strain, which is
derived through further attenuation from the US Jeryl Lynn

strain, which itself belongs to genotype A.11,12 This may suggest
a mismatch of the vaccine virus strain with the circulating out-
break strains. However, mumps has been nearly eliminated
despite the possiblemismatch between the genotype of circulating
viruses and that of the vaccine virus in many countries,13-15

indicating that antigenic mismatch between epidemic strains
and vaccine strains has not greatly hindered vaccine effectiveness.

Three types of MuCV have been used to control mumps since
1990: measles and mumps combined vaccine (MM), monovalent
mumps vaccine (MuV), and MMR vaccine. In practice, mumps
vaccination in China was voluntary in 1990 and was not included
in routine immunization, resulting in low vaccination coverage at
that time.10 After the policy for one-dose MMR vaccination
targeting children aged 18–24 months was introduced in the
Expanded Program on Immunization (EPI) in 2008, reports of
mumps cases declined slightly, and the natural epidemic pattern
of mumps has changed since that time.10,16 However, mumps has
continued to spread in vaccinated individuals over the last decade,
and outbreaks occurring predominantly in schools17,18 have
prompted concerns about the effectiveness of the one-dose
MMR vaccine immunization strategy currently used in China.
The occurrence of continuous outbreaks highlights the need for
introducing a two-dose immunization schedule in China.
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From October 2016 to January 2017, an outbreak of
mumps occurred in a school in Anhui Province. We investi-
gated the outbreak to estimate mumps vaccine effectiveness
(VE) and to detect potential risk factors for infection during
the outbreak.

Methods

Study design

We conducted an unmatched case-control study to identify
risk factors contributing to the 2016–2017 outbreak in Lu’an,
Anhui Province. A retrospective cohort study was then con-
ducted to evaluate the effectiveness of MuCV during this
outbreak. A total of 149 students with mumps history of
mumps before the outbreak and unknown vaccination history
were excluded from the cohort. We designed a structured
questionnaire that was sent to parents of all of the students
in the school where the outbreak occurred. Data collected in
the questionnaire included demographic characteristics, vac-
cination status, clinical characteristics, possible risk factors,
and previous incidence of mumps.

Case definition and ascertainment

For this school-based outbreak, we defined a clinical case of
mumps as any student in the school having acute onset of
unilateral or bilateral parotid gland swelling lasting ≥ 2 days
and without other apparent cause between October 1, 2016
and January 31, 2017. We reviewed data on mumps cases
from: (1) cases reported to the National Notifiable
Communicable Disease Report System (NNDRS), (2) hospital
medical records, and (3) affirmative answer in the question-
naire completed by parents or care-givers for the item: “Has
your child gotten mumps after October 2016?”. After collect-
ing case status for each student in the cohort, we verified
whether each case had been reported in the NNDRS. For
cases that were not reported in the NNDRS, we interviewed
parents by telephone to confirm case status and collected
additional information (e.g., date of illness onset and principal
residence, etc.). Since we did not conduct laboratory tests, all
of the cases were defined based on clinical diagnosis or self-
report, and the outbreak strains were not characterized or
sequenced.

Vaccination status

We collected information on vaccination status primarily
from vaccination certificates provided by students. Students
with mumps onset occurring within two weeks of vaccination
were considered to be unvaccinated. For students who did not
have vaccination certificates, we searched in the Anhui
Immunization Information Management System (AIIMS) by
child’s name, parents’ names, and birth dates to obtain vacci-
nation status. All of the data on vaccination status and timing
of vaccinations were reviewed and confirmed by EPI staff
from Lu’an Municipal Centers for Disease Control and
Prevention (CDC).

Data analysis

Data from the structured questionnaires were doubly entered
using Epidata software version 3.1 (Epidata Association, Odense,
Denmark), and statistical analyses were performed using SPSS
version 10.01 (Statistical Product and Service Solutions, Chicago,
IL, US). We performed univariate analyses to determine the
unadjusted ORs and 95% confidence intervals (CI) for case
status in relation to vaccination status and other risk factors.
Covariates significantly associated with disease (P < 0.05) in
univariate analysis were included in a multivariate logistic
regression model. We used a stepwise regression to create the
most parsimonious multivariate model by eliminating covariates
that were not significant (P > 0.05). To evaluate VE, we used the
formula VE = [(ARU − ARV)/ARU] × 100%, where ARV and
ARU are the attack rate of vaccinated students and unvaccinated
students respectively. A P-value < 0.05 was considered to be
statistically significant.

Results

Outbreak description

A total of 97 mumps cases (67 clinically confirmed and 30 self-
reported cases) were reported from October 2016 to
January 2017. The overall attack rate (AR) was 8.2% (97/1186).
All of the cases were students aged between 6–15 years (median
age 8 years), and 62.9% (61/97) were male. As shown in Figure 1,
this outbreak lasted roughly 4 months and the onset of illness
peaked fromDecember 9–22, 2016. Signs and symptoms experi-
enced by cases included parotid gland swelling (100%), fever
(22.7%), headache (13.4%), lethargy (7.2%), and vomiting
(4.1%). In addition, 9.3% of cases experienced complications,
including meningitis, orchitis, and hearing damage.

Among the 97 cases, 57.7% (56/97) of cases went to school
via school bus. From October 1–November 10, 2016 (first
wave of the epidemic), 90.5% (19/21) of cases took the school
bus to school before onset of illness. The index case was
a 7-year-old boy who had received a one-dose MMR vaccine.
The source of his infection was unknown. He received no
medical care for the infection and continued to go to school
by school bus after the onset of illness. Fourteen patients
(14.4% of cases) were not promptly isolated, and 8 of these
students (57.1%) still took the school bus to school after
illness onset. Cases were identified in 23 school classes (96%
of all classes at the school) during the outbreak. The highest
AR within a class was 21% and the lowest was 2%.

Vaccination status

Out of 1186 students at the school, 1140 had completed
questionnaires (response rate of 96.1%). Vaccination status
was verified for 1026 students (90.0%) through vaccination
certificates (n = 930) or AIIMS (n = 96). Before the outbreak,
919 students (89.6%) had received at least one dose of MuCV.
The distribution of the number of previous MuCV vaccine
doses (0, 1, 2, 3) was 107 (10.4%), 747 (72.8%), 155 (15.1%),
and 17 (1.7%), respectively.

Of the 97 cases, 60 (61.9%) had received one dose of
MuCV, 8 (8.2%) had received two doses, and 21 (21.6%)
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had not been immunized. Vaccination status was unknown
for the other 8 cases (8.2%). Of the 68 cases who had received
at least one dose of MuCV, 64 (94.1%) had received their
most recent dose more than 5 years before the outbreak.

Risk factors

The final multivariable regression model included two signifi-
cant covariates: taking the school bus to school and MuCV
status. We found that cases had 2.3 times the odds (95% CI:
1.4–3.7) of going to school by school bus compared to non-cases.
Since 90% of students had received at least one dose of MuCV,
we calculated the odds of being a case associated with different
time intervals since last MuCV immunization compared with

unvaccinated students. We found that students who received
MuCV had reduced odds of mumps (Table 1). In addition,
a significant dose–response relationship was observed between
increasing time interval since the last dose of MuCV vaccination
and mumps infection (χ2 = 7.712, p = 0.005). We also found that
vaccination coverage was 91.8% (346/377) among students who
took the school bus and 88.3% (573/649) among students who
did not take the school bus, a difference that was not statistically
significant (χ2 = 3.105, p = 0.078).

MuCV effectiveness

We enrolled 991 cohort members from the school after
excluding 149 respondents with pervious mumps history or

Figure 1. The epidemic curve of mumps outbreak in Lu’an, China, 2016–2017 (n = 97).

Table 1. Analyses for risk factors for mumps infection during an outbreak in Lu’an, China, 2016–2017.

Variables No. of students c n (%) mumps cases
Univariable OR

(95% CI)
Multivariable OR

(95% CI)

Gender
Male 555 61(11.0) 1.7(1.1–2.7) a 1.5(0.9–2.3)
Female 540 36(6.7) Ref.

Birth cohort
2000–2007 (Before EPI e) 479 40(8.4) 0.9(0.6–1.4) NA
2008–2011 (After EPI) 616 57(9.3) Ref.

Time interval since last MuCV immunization d (years)
<5 134 4(3.0) 0.1(0.04–0.4) b 0.1(0.03–0.3) b

5- 631 49(7.8) 0.3(0.2–0.6) b 0.3(0.2–0.5) b

10- 123 15(12.2) 0.5(0.3–1.1) 0.5(0.2–1.09)
Unvaccinated 103 21(20.4) Ref.

Taking school bus to school
Yes 389 56(14.4) 2.7(1.8–4.2) b 2.3(1.4–3.7) b

No 706 41(5.8) Ref.
Resident student

Yes 43 2(4.7) 0.5(0.1–2.1) NA
No 1052 95(9.0) Ref.

Principal residence
Z township 373 48(12.9) 2.2(1.4–3.4) b 1.5(0.9–2.4)
Other townships 722 49(6.8) Ref.

a p < 0.05
b p < 0.01
c 45 students with previous mumps infection were excluded from the study.
d 104 students without clear immunization history were excluded.
e EPI: Expanded Program on Immunization
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unknown immunization history (Figure 2). The cohort
included 89 cases and 902 non-cases. None of the individuals
with a history of mumps developed the disease during this
outbreak. The overall AR in unvaccinated students was 20.4%
(21/103), compared to 7.7% (68/888) in vaccinated students,
and the overall VE for MuCV was 62% (95% CI: 41–76%).
The VE was 59% (95% CI: 36–74%) for one-dose MuCV, 76%
(95% CI: 49–89%) for two-dose MuCV, and 100% for three-
dose MuCV (Table 2). For one-dose MuCV, the VE differed
by the time since vaccination. The estimated VE was 82%
(95% CI: 40–94%) for students vaccinated within 5 years,
60% (95% CI: 35–75%) for students vaccinated between 5
and 10 years previously, and 41% (95% CI: −11–69%) for
students vaccinated more than 10 years previously. Similar
results were observed for students who had received two-dose
MuCV. In this group, effectiveness was 90% (95% CI:
26–99%) among students who had received the second dose
within 5 years before the outbreak, compared to 73% (95% CI:
31–89%) among those who had received the second dose
between 5 and 10 years before the outbreak.

Discussion

We reported on a field investigation of a mumps outbreak
occurring in a school with 1186 students in China. In this
school setting, 90% of students with known vaccination status
had received at least one dose of MuCV in childhood, sug-
gesting a high herd immunity level before the outbreak.
However, our data showed that the overall VE for MuCV
was only 62% in this school, although the VE of two-dose
MuCV (76%) was superior to that of one-dose MuCV (59%).
Furthermore, we observed that the protection offered by both
one-dose and two-dose MuCV waned over time. Finally, our
analyses illustrated that taking the school bus to school during
the epidemic period and waning immunity conferred by
MuCV were likely contributors to this outbreak.

Although the efficacy for the Jeryl Lynn strain of mumps
vaccine was estimated at more than 95% in early randomized
clinical trials,19,20 varying effectiveness has been observed in
epidemic or outbreak conditions.8,18 The US CDC found that
the average vaccine effectiveness for one dose of the Jeryl
Lynn strain of mumps vaccine is 78% (range: 49–91%), com-
pared with 88% (range: 66–95%) for two-dose vaccine.21

A meta-analysis to assess VE of MuCV in the Chinese popu-
lation found an overall VE of 69% (95% CI: 51–80%) among
school students.12 In our study, we found that a two-dose
mumps vaccination conferred higher protection than one-
dose vaccination, similar to findings from previous
studies.16,22 Our results are also in agreement with a sero-
epidemiological survey on mump antibodies.23 In China,
despite implementation of large-scale immunization with one-
dose MMR in 2008, the incidence of mumps has not declined
substantially since then.10,24 In the school where our study
outbreak occurred, although 17% of parents had paid extra for
the second or third dose of MuCV for their children, the
coverage was not enough to prevent the outbreak. However,
the incidence of mumps and occurrence of outbreaks have
declined in some more developed provinces in China where
two-dose MMR vaccine has been introduced into EPI.16,24

These results suggest that a two-dose MMR vaccination sche-
dule through routine services is likely to be needed in order to
contain the prevalence of mumps and reduce ongoing out-
breaks in China. Changes in epidemic patterns of mumps
after introduction of a two-dose vaccine schedule also need
to be carefully considered in China.

We found that the protection afforded by both one-dose and
two-doseMuCVwaned over time, withVE decreasing from 82%
to 41% for one-dose MuCV and from 90% to 25% for two-dose
MuCV. This finding confirms that students who had their last
MuCV dose more than 10 years before the outbreak had an
increased risk of mumps.3 Fortunately, the VE for MuCV was
excellent within a 5-year timeframe, thus offering a favorable

Figure 2. Selection procedure for MuCV effectiveness study in Lu’an, China, 2016–2017.
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opportunity to implement the two-dose immunization strategy.
There are at least two options for China to implement this
strategy: using MMR vaccine as a substitute for the MM vaccine
at 8 months of age, and using a second dose of MMR vaccine
within 5 years of administration of the first dose. Considering
that the majority of mumps outbreaks in China occur in primary
schools17,18 and in light of the waning immunity for two-dose
MuCV over time,4,25 we recommend that the second MuCV
dose be given at 6 years of age.

We found that 90% of students in the school where the
outbreak occurred had received at least one dose of MuCV.
However, large mumps outbreaks may still occur and spread
despite high vaccination coverage. Potential reasons for the
occurrence of outbreaks in highly vaccinated populations
include waning immunity conferred by vaccination3,25,26 and
intense proximity in semi-closed populations.27,28 The herd
immunity threshold for mumps has been estimated to be within
the range of 70–90%.29 Consequently, if we assume VE of 80%
for mumps vaccines, two doses of MuCV are likely needed in
order to achieve herd immunity.1 However, our estimated VE
forMuCVwas under this theoretical threshold, especially within
5–10 years, where it ranged from 60–73%. This may have been
sufficient to account for the outbreak under investigation in our
study. Additionally, with the loss of vaccine-induced immunity
to mumps over time, the intense exposure on school buses
overwhelmed the protection afforded by the vaccine.

Our study had several limitations. First and foremost, all of
the cases were identified by clinical symptoms without labora-
tory confirmation, thus we may have underestimated the VE
for MuCV. Second, some of the VE estimates were unstable
owing to the small number of cases in some subgroups, as
reflected by the wide confidence intervals. Despite these lim-
itations, our study provides valuable evidence to guide the
mumps immunization strategy for China.

In conclusion, this study showed that mumps control
remains a challenge in China in spite of high coverage of one-
dose MuCV. To contain the prevalence of mumps in China,
a two-dose MMR schedule through routine services is likely
needed.
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