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ABSTRACT
Introduction: China has used 3 different mumps-containing vaccines (MuCV) since 1990: monovalent
mumps vaccine, measles–mumps (MM) vaccine, and measles–mumps–rubella (MMR) vaccine, and one
dose MuCV (using MMR at 18 months) has been included in the EPI since 2007. MuCV effectiveness has
been of concern following large-scale mumps outbreaks. In 2015, an outbreak of mumps occurred in a
primary school, which allow us assess vaccine effectiveness of different MuCVs.
Method: All children in the school were studied as a retrospective cohort. Vaccination histories and case
information were obtained from vaccination records and clinic/hospital logs. Parental questionnaires were
used to confirm students’ illnesses and calculate attack rate (AR). VE was assessed using the formula, VE D
(AR in unvaccinated students- AR in the vaccinated students) / (AR in unvaccinated students). VEs of
different type of MuCV were compared.
Results: In total, 283 students were identified as clinical mumps among the 2370 students, and 1908
students were included for MuCV VE assessment. 213 (including 21 [8.9%] patients) were 2-dose MuCV
recipients (AR: 9.9%), 1165 (including 123 [51.9%] patients) were 1-dose recipients (AR: 10.6%), and 530
(including 93 [39.2%] patients) were unvaccinated (AR: 17.5%). VE was 44% for 2 doses and 40% for one
dose. For one-MuCV-dose students, estimated mumps VE was 63% for vaccinated within 3 years (between
vaccination and this outbreak); 50% for vaccinated within 3 to 5 years; and 34% for vaccinated more than
5 years. Comparing VE by vaccine type and 5-year interval since vaccination, VE for MMR was 60%, which
was consistently higher than VE for monovalent mumps vaccine (22%) and MM (2%).
Conclusion: This outbreak was associated with low and declining 1-dose MuCV effectiveness. China’s
immunization program should evaluate the potential of a 2-dose MMR schedule to adequately control
mumps.
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Introduction

Mumps is an infectious disease caused by mumps virus that
usually presents with fever and parotid gland swelling; vaccina-
tion with mumps vaccine (MuV) the most effective way to pre-
vent mumps. In 1977, the United States Centers for Disease
Control and Prevention recommended MuV for routine immu-
nization of children, and after 12 years, the number of reported
cases had declined by over 99%.1-3 In 1990, the China Food
and Drug Administration licensed a live, attenuated mumps
vaccine that was made using the S79 strain of mumps vaccine
virus, which had been derived through further attenuation of
the Jeryl Lynn strain used in the U.S.-licensed vaccine.4

Since 1990, China has used 3 different mumps-containing
vaccines (MuCV): monovalent mumps vaccine, measles–
mumps (MM) vaccine, and measles–mumps–rubella (MMR)
vaccine. However, mumps vaccines were not included in the
Expanded Program on Immunization (EPI), implying that

parents had to pay out-of-pocket for mumps vaccine. In 2007,
China’s EPI system replaced monovalent measles vaccine with
MMR for the second routine dose of measles vaccine, targeting
18–24 months old children. Since the first dose of measles-con-
taining vaccine is given as measles-rubella vaccine, the EPI sys-
tem supports a 1-dose mumps vaccination strategy.5 Despite
introduction into EPI for routine use and the rapid attainment
of high MMR vaccination coverage levels, over 479,518 mumps
cases were reported in 2012, with incidence rates as high as
35.6/100,000 and most outbreaks occurring among school-age
children.6

The effectiveness of a vaccine (VE) is critically important for
developing and monitoring an immunization strategy. Mumps
VE assessments have varied widely in China,7 and the VEs of
different MuCVs have been of concern following large-scale
use of 3 different MuCVs. In 2015, an outbreak of mumps
occurred in a primary school in Anhui province in which
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different MuCVs had been in use. In September 2015, we con-
ducted a retrospective investigation to evaluate the effectiveness
of different MuCVs, and to provide evidence for mumps vacci-
nation strategy in China. We report the results of our investiga-
tion and our program recommendations.

Results

Outbreak description

In total, 283 clinical mumps cases were identified in this outbreak;
all cases were among students, 6–15 years of age, none of whom
had a history of having mumps disease. Illness onsets were
between December 1, 2014 and September 20, 2015. The overall
attack rate was 10.50% (283 of 2,695 students). Clinical features
were able to be documented in 272 (96.11%) cases, and among
these cases, all had parotid or other salivary gland swelling and
pain (by case definition); and 61.76% had a temperature �38C.
Other symptoms were rare and included one child with orchitis,
one child with pancreatitis, and one child with hearing loss.

Cases were distributed in 33 (97.06%) of the 34 school clas-
ses. There was no difference in attack rate between male
(11.47%) and female students (9.41%) (x2 D 3.0325, P D
0.0816). Isolation (school exclusion) was implemented for 198
(70.32%) cases. The shortest isolation period was 2 days;
65.06% were isolated for less than 9 days.

The epidemic curve showed a small peak in January – before
winter vacation. When school resumed the case count
increased and peaked in July. Among the cases, 237 (83.75%)
provided vaccination certificates; 122 (43.11%) were confirmed
to have received 1 dose of MuCV; and 22 (7.77%) had 2 doses
of MuCV. No outbreak response immunization was conducted.
Figure 1 shows the epidemic curve by the number of MuCV
doses administered.

Vaccine effectiveness

We included 2303 (97.17%) students in Grade 1 through Grade
5 in the VE determination. Among these students, 114 were

excluded because they had a history of mumps illness, and 281
students were excluded because of unknown immunization his-
tory. We categorized the remaining 1908 students into vacci-
nated and unvaccinated groups based on vaccination certificate
review (Fig. 2). Among these students, the overall coverage was
72% (1378 of 1908).

The attack rate (AR) among unvaccinated students (17.5%)
was higher than among the one-MuCV-dose group (10.6%)
and the �2-dose group (9.9%). The estimated VE for one dose
of MuCV was 40% (95% CI: 23%-53%), and the estimated VE
for �2 dose MuCV was 44% (95% CI: 12%-64%). There was no
statistically significant difference (x2 D 0.09, P > 0.05) between
1- and 2- dose recipients. (Table 1.)

The one-MuCV-dose students were categorized into 3
groups by the interval, in years, between vaccination and the
start of the outbreak. Estimated mumps VE for children vacci-
nated within 3 years of the outbreak was 63% (95% CI: 0%-
88%); VE for children vaccinated within 3 to 5 years of the out-
break was 50% (95% CI: 26%-66%); and VE for children vacci-
nated more than 5 years prior to the outbreak was 34% (95%
CI: 14%-50%). (Table 2.)

Among the 1165 one-MuCV-dose students, 386 received
monovalent mumps vaccine, 115 received MR, and 664
received MMR. For monovalent mumps vaccine, VE was 20%
(95% CI: 0–41%); for MM vaccine, VE was 1% (95% CI: 0–
36%); and for MMR, VE was 58% (95% CI: 42%-70%). Because
VE varied by the number of years since vaccination, we calcu-
lated VE by vaccine type and interval since vaccination. VE for
MMR administered more than 5 years before the outbreak was
60% (95% CI: 38%-75%), which was consistently higher than
VE for monovalent mumps vaccine (VE D 22%, 95% CI: 0–
43%) and MM vaccine (VE D 2%, 95% CI: 0–38%) adminis-
tered at least 5 years earlier. (Table 3.)

Discussion

We have shown that in this outbreak setting, mumps-con-
taining vaccine effectiveness was low, and varied by interval
since vaccination and type of vaccine (monovalent mumps,

Figure 1. Distribution of mumps cases by onset date in a mumps outbreak in Anhui province, China, 2014–2015 (n D 283).
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MM, and MMR vaccines). VE was highest (56% to 60%) for
MMR vaccine regardless of interval since vaccination, but
VE was insignificant for MM and monovalent mumps
vaccine.

The only outbreak control measure that was taken for
this outbreak was case isolation by exclusion from school.
No outbreak response immunization was conducted, which
allowed the calculation of vaccine effectiveness. Overall
mumps vaccination coverage was modest at 72%; half of
the cases were documented to have received MuCV at least
2 weeks prior to the outbreak. Modest MuCV vaccination

coverage with a partially effective vaccine enabled the out-
break to occur.

Seroconversion, efficacy, and effectiveness measure differ-
ent aspects of the ability of a vaccine to protect a child.
Mumps seroconversion rates, measured by enzyme-linked
immunosorbent assay, after 1 dose of MMR II (the vaccine
used in the U.S.) were consistently high (97.7-100%) in
studies conducted between 1988 and 2009.8 We found dif-
ferences by vaccine types and years since vaccination in this
outbreak investigation, which is consistent with literature
showing waning immunity to mumps vaccines.9

Table 1. MuCV effectiveness in a mumps outbreak in Anhui province, China, 2014–2015.

Vaccination status cases Exposed persons AR (%) RR* (95%CI) VE (%,95%CI)

Un-vaccinated 93 530 17.5 Ref Ref
1 dose 123 1165 10.6 0.60(0.47,0.77) 40(23,53)
� 2 doses 21 213 9.9 0.56(0.36,0.88) 44(12,64)

�RR: relative risk

Figure 2. Inclusion, exclusion, and vaccination status of subjects in mumps vaccine effectiveness assessment.

Table 2. MuCV effectiveness by time since vaccination among students receiving 1 MuCV dose prior to a mumps outbreak in Anhui province, China, 2014–2015.

Years since vaccination Cases Exposed persons AR (％) RR (95%CI) VE (％,95％CI)

Un-vaccinated 93 530 17.5 Ref Ref
<3 years 3 46 6.5 0.37(0.12,1.13) 63(0,88)
3-5 years 30 339 8.8 0.50(0.34,0.74) 50(26,66)
>5 years 90 780 11.5 0.66(0.50,0.86) 34(14,50)

Table 3. MuCV effectiveness by vaccine type and interval since vaccination among 1 dose MuCV students in a mumps outbreak in Anhui province, China, 2014–2015.

Vaccine type Years since vaccination Cases Exposed persons AR (％) RR (95%CI) VE (％,95％CI)

Un-vaccinated 93 530 17.5 Ref Ref
Monovalent mumps vaccine �5 years 3 11 17.3 1.55(0.58,4.15) 0(-315,-42)

>5 years 51 375 13.6 0.78(0.57,1.06) 22(0,43)
MM �5 years 2 11 18.2 1.04(0.29,3.68) 0(0,71)

>5 years 18 104 17.3 0.98(0.62,1.56) 2(0,38)
MMR �5 years 28 363 7.7 0.44(0.29,0.65) 56(35,71)

>5 years 21 301 7.0 0.40(0.25,0.62) 60(38,75)
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The VE of mumps vaccines has been shown to be variable.
Field studies showed VE estimates (62%–85%)10 to be lower
than vaccine efficacy in clinical trials. North American and
some European countries have reported the effectiveness of
Jeryl Lynn strain mumps vaccine in their countries to be 79%
(62%-91%).11 Systematic reviews of Jeryl Lynn strain MMR
vaccine have shown �1 dose effectiveness of 69–81% at pre-
venting clinical illness among children and adolescents.12

A meta-analysis of vaccine effectiveness of mumps-con-
taining in China showed that the overall VE for MuCV
(either one dose or two doses) was 85% (95% CI: 76–90%)
for cohort studies, but that VE was lower in school (69%)
than in day care (88%) settings, possibly related to a shorter
interval since vaccination.7 MuCV effectiveness in our study
was similar to monovalent mumps vaccine effectiveness
(49%) measured in Jiangsu, China.13 In another case-control
study in Guangzhou, China, the overall VE for 1 dose of
mumps vaccine, irrespective of the manufacture, was 53.6%
(95% CI: 41.0-63.5%) among children aged 8 months to
12 years from 2006 to 2012.14

Although some of the VE confidence intervals in our
study were wide due to relative small sample sizes, the
point estimates suggest some additional questions about
these vaccines. Mumps VE for MMR vaccine, at 58%,
appears better than mumps VE for monovalent mumps and
MM vaccines at 1% to 20%. These differences in VE may
be related to differences in vaccine viral titers. The “China
Requirements for Biological Products” states that the
mumps viral titer for mumps vaccines must at least 3.7 lg
CCID50/dose.15 The mumps vaccine virus titer in monova-
lent mumps vaccine and MM were standardized at 3.7 lg
CCID50/dose, but the Chinese MMR standardized the
mumps virus titer at 4.3 lg CCID50/dose in order to reduce
potential interference of mumps vaccine virus with measles
and rubella vaccine viruses. The relation between mumps
vaccine virus titer and effectiveness should be explored
further.

We also showed that MuCV effectiveness decreased with
increasing intervals since vaccination, a finding consistent with
studies showing waning immunity. Effectiveness of 1 dose of
mumps vaccine was shown to decline from 96% (95% CI: 81%–
99%) among 2-year-olds to 66% (95% CI: 30%–83%) among
11- to 12-year-olds. Effectiveness of 2 doses declined from 99%
(95% CI: 97%–99.5%) among 5- to 6-year-olds to 86% (95%
CI: 74%–93%) among 11- to 12-year-olds (p<0.001 for 1 or 2
doses).10 The lower vaccine effectiveness we observed may be
related to the type of MuCV the students received. We showed
that MMR VE was greater than VEs of monovalent mumps
vaccine and MM vaccine, and we found that 93.24% of students
vaccinated >5 years received monovalent mumps vaccine or
MM, while 94.2% of students vaccinated �5 years received
MMR.

Limitations

Our study has several limitations. This was a retrospective
study of an outbreak, and as such, additional laboratory
testing to determine new infections was not possible and
recall bias cannot be controlled for. An estimated 20–30%

of mumps infections maybe asymptomatic,16,17 and it was
not possible to identify asymptomatic cases. All cases
were diagnosed by clinical symptoms without laboratory
confirmation.

Immunization status was unknown for 281 subjects (12.8%)
in this study. Classification of vaccinated or unvaccinated per-
sons into the unknown group can influence VE estimates.
However, the impact of the unknown group is relative small in
our study. If cases for whose vaccination status was unknown
were all vaccinated, the estimates of vaccine effectiveness would
be lower. For example, the vaccine effectiveness for 1 dose
would decrease from 40% to 37% if all cases with unknown vac-
cine status were unvaccinated. For �2 doses VE would decrease
from 44% to 42%.

Due to small numbers of students receiving 2 MuCV doses,
and to the non-experimental nature of the investigation, it was
not possible to determine the relative effectiveness of various 2-
dose schedules.

Program implications

We have provided additional data to be considered in refine-
ment of China’s mumps control and prevention policy. The
low VE seen in monovalent mumps and MM vaccines suggests
the need to further evaluate these vaccines for continued inclu-
sion in the EPI system as the vaccines are currently constituted.
It is unlikely that we will be able to adequately control mumps
with the current vaccines and the 1-dose MuCV vaccination
policy. As of 2014, 121 countries have introduced MMR into
their national immunization programs.18 Most countries use,
and WHO recommends, a 2-dose MuCV policy. One consider-
ation for China’s EPI system is to use 2 doses of MMR vaccine
instead of one dose of measles-rubella vaccine and one dose of
MMR vaccine. We think that additional studies are necessary
to improve mumps immunization strategy, and that these stud-
ies need to include aspects of the vaccines and the vaccination
schedule.

Methods

Setting

The school with the outbreak was a primary school with 34
classes in grades 1 through 5 that had 2,695 students enrolled.
All students were day students; the school did not have a cafete-
ria, and students ate lunch at home. The school had 1 part-time
doctor. In 2015, the school was on winter vacation from Febru-
ary 11 through March 4, and summer vacation was July 1
through August 31.

Case definition

We defined a mumps case as a student having unilateral or
bilateral parotid or other salivary gland swelling and pain,
lasting 2 or more days, with onset between December 1,
2014 and September 20, 2015. All cases were diagnosed by
clinical criteria without laboratory confirmation, and no
mumps virus genotype information was obtained during
this outbreak investigation.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 1395



Case finding

To identify cases, investigators reviewed medical records in
school clinics and absentee records kept by teachers. We sur-
veyed parents of all students with a standardized, written ques-
tionnaire to determine demographic characteristics, MuCV
vaccination and mumps illness history, and information on
symptoms and isolation if the student was a case in the
outbreak. Parents were interviewed by telephone to obtain
information that was missing or unclear in the written
questionnaire.

Vaccination status

Students’ vaccination certificates were obtained during the field
investigation. MuCV vaccination histories were built with vac-
cination certificates kept by parents and verified with vaccina-
tion records kept by immunization clinics. Vaccination
histories included numbers of doses, types of MuCV, and dates
of vaccination. We considered the vaccination history as
unknown if no vaccination record was available. To be consid-
ered vaccinated, a student had to have an official-certificate-
verified vaccination.

Statistical analyses

We used a retrospective cohort method to compare the attack
rate (AR) of vaccinated students with the AR of unvaccinated
students, and we estimated MuCV effectiveness using the for-
mula:

Vaccine effectiveness VEð ÞD AR  in  unvaccined  �¡   AR  in  vaccined
AR  in  unvaccined   £100%:

Students with mumps illness history prior to this outbreak
and students with unknown vaccination history were excluded.
Students with mumps onset within two weeks of vaccination
were considered unvaccinated.

Data were collected using Microsoft Office Excel (version
2010) and were analyzed using SPSS for Windows, version 17.0
(SPSS Inc., USA). Differences between proportions were calcu-
lated using Chi-square tests. All comparisons were 2-tailed, and
a p-value <0.05 was considered significant.
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