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ABSTRACT

Mumps reemergence has been reported in developed countries with high levels of two-dose mumps-
containing vaccine (MuCV) coverage. The effectiveness of the two-dose MuCV may be compromised by
limitations in the persistence of immunity. This prospective cohort study evaluated the persistence of
immunity of a two-dose MuCV in children aged 3-7 years from 2015 to 2020. Persistence of antibody to
mumps, determined as the geometric mean antibody concentration (GMC), and seropositivity were ana-
lyzed for both repeated measurements from three follow-ups and on each cross-section, respectively. A total
of 105 eligible subjects were recruited. Their overall seropositivity rate was relatively high and stable (92.4%-
84.8%), while the overall GMC decreased from 547.6 U/ml to 333.3 U/ml. Analysis of waning immunity in 91
participants showed a significant and consistent downward trend for GMC, which differed significantly in
boys and girls. The overall seropositivity rate decreased slightly from 2015 (95.6%) to 2016 (92.3%) but both
were significantly higher than in 2018 (84.6%). The rates in girls remained stable, while those in boys
declined to 75% in 2018. The seropositivity rate of the cross-section level decreased from 95.4% to 86.4% in
4 years. Although two-dose MuCV may result in a high level of immunity, antibody concentrations decay
over 2 years after the second dose. Children with waning immunity after receiving two doses, especially
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boys, require further surveillance at 4 years and later to avoid future mumps epidemics.

Clinical trial registration: NCT02901990.

Background

Mumps is an acute respiratory infectious disease caused by the
mumps virus." The clinical symptoms of mumps include fever
and swollen parotid glands, with its most frequent complica-
tions being aseptic meningitis, orchitis, and viral encephalitis.”
The high coverage of two doses of mumps-containing vaccine
(MuCV) has greatly reduced the frequency and severity of
mumps epidemics. Current MuCVs include anti-mumps
monovalent, measles-mumps (MM), measles-mumps-rubella
(MMR), and other multivalent combined vaccines.>* As
recommended by the World Health Organization (WHO),
many developed countries have introduced a two-dose MMR
routine immunization schedule into their National
Immunization Programs (NIPs), achieving a 97%-99% reduc-
tion in mumps incidence compared with the incidence prior to
vaccine introduction.””” Mumps resurgence, however, has
been reported in children and adolescents who received at
least a two-dose MuCV in countries with high vaccine cover-
age such as the United States, France, and Portugal.* '* Causes
of resurgence of well-controlled mumps can include reduc-
tions in antibody titer, mumps virus evolution, and mis-
matches between vaccines and wild strain genotypes.'' ™"

Beginning in 2008, the NIP in China began administering
a single dose of the MMR vaccine to children aged 18-24
months."* This has led to a steady increase in coverage of the
one dose MMR vaccine; however, the incidence of mumps
decreased only during the first 2 years, but unexpectedly
increased during the following years.'” To improve immunity
against the mumps virus and reduce the incidence of mumps,
a second dose of MuCV was recommended for children in
several provinces of China, with the number of cases of mumps
decreasing dramatically due to earlier administration of
the second dose of MMR to children aged 4-6 years.'®
Beginning in July 2020, the Chinese government implemented
a two-dose MMR immunization schedule, at ages 8 and 18
months; however, data on the effect of the two-dose MMR
regimen on mumps incidence remained limited.'” "

The present study prospectively analyzed anti-mumps IgG
antibodies in children aged 3-7 years vaccinated with a two-
dose MuCV regimen and evaluated mumps antibody persis-
tence in the next 4 years after vaccination. Persistence of
antibody to mumps was analyzed by determining geometric
mean antibody concentration (GMC) and seropositivity.
Persistence of immunity was investigated to determine
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whether to be related to age at the second vaccination or
gender based on repeated measurements. Mumps antibody
GMC and seropositivity levels as a function of time were also
compared at each follow-up visit. The results of this study
may provide a reference for monitoring waning immunity in
children who receive a two-dose MuCV and for strengthen-
ing the prevention and control of mumps.

Materials and methods
Study design and participants

A prospective observational cohort study of children aged 3-7
years who had received two doses of MuCV was initiated from
October 2015 to 2020 in Jiangsu Province, China. A specific
sampling protocol was conducted to guarantee that sufficient
participants with mumps seropositivity were recruited. The
sample size (N) for observational study was calculated by
Equation [1]:

fotx/Z(l _p)

N =
&p

(1)
Where the primary endpoint driving the need for the sample
size calculation was the mumps seropositivity (p) in children
of China, which was set as p=.8 based on a review of pre-
viously published studies and expert opinions (15, 17, 18). The
allowable error (&) was set as 0.1 and a=0.05, Z; o, =1.96.
Then, with 95% confidence and assumptions that results fall-
ing within 10% of the true rate, the minimum sample size (N)
was estimated to be 96 subjects. To account for loss to follow-
up, additional 10% subjects were added, making the enrolled
sample size 105 subjects.

In consideration of geographic characteristics, socioeco-
nomic status and feasibility of follow-up, stratified multi-
stage random sampling was adopted. North and south of
Jiangsu Province were taken as two stratums and at the
first stage, for each stratum, one county was randomly
selected. In the second stage, in each selected county, all
the kindergartens and primary schools were added in the
sampling frame, and one kindergarten and one primary
school were randomly drawn. At last, children were ran-
domly selected from junior kindergarten and first-grade of
primary school to visit.

Children were included if they were (1) aged 3-7 years; (2)
physically healthy; (3) local residents with no emigration plan
for the next 3 years; and (4) documented having been vacci-
nated with two doses of MuCV, including anti-mumps mono-
valent vaccine, MM, MMR, and with the first dose of MMR at
age 8-12 months. Children were excluded if they: (1) had been
infected with the mumps virus; (2) had not been vaccinated or
received only one dose of MuCV; (3) refused blood sample
collection; (4) had a serious illness or were not recommended
participating in the study for other reasons after clinical evalua-
tion; or (5) their parent/guardian did not sign the informed
consent form. Besides, pediatricians were also involved in the
recruitment of participants. Parents or guardians of children
enrolled were asked to fill out a questionnaire and be inter-
viewed by the pediatrician. Due to the typical clinical symptoms

of mumps, children who had been infected with the mumps
virus can be easily identified by the pediatrician and excluded.

Cohort follow-up and specimen collection

Mumps was diagnosed according to diagnostic criteria.”® In
addition, subjects were evaluated for mumps by follow-up
surveillance every 2 months or through immediate reports by
parents, teachers, and/or doctors, with the incidence of mumps
assessed until June 30, 2020. Personal information of all the
participants, including date of birth, gender, and immuniza-
tion history, was collected. MuCV immunization information
for each child was retrospectively collected from their vaccina-
tion certificate or the Jiangsu Provincial Vaccine and
Immunization System.

Venous blood samples for the detection of serum anti-
mumps IgG antibodies were collected from all participants on
October 11, November 8, 2015, 2016, and November 20, 2018.
The collected blood samples were centrifuged at 3000 rpm for
10 min within 24 h, and the serum samples were transferred to
a sterilized EP tube and stored at —70°C after labeling with
a unique code. All samples were transported to the laboratory of
the Institute of Immunization Planning of the Center for
Disease Control and Prevention of Jiangsu Province.

Ethical issues

This study was approved by the Medical Ethics Committee of
the Jiangsu Provincial Center for Disease Control and
Prevention (NO: SL2015-B015-02). Written informed consent
was provided by the parents/guardians of all enrolled partici-
pants. This study was registered at ClinicalTrials.gov under the
number NCT02901990.

Laboratory assays

Anti-mumps IgG antibody in serum was quantitatively mea-
sured by ELISA. To reduce any laboratory bias and ensure the
stability of test results, all serum samples obtained in 2015,
2016, and 2018 were assayed by the same staff members using
commercial ELISA kits from InstitutVirion\Serion GmbH
(SERION ELISA classic anti-mumps virus IgG, batch number:
2015, SBF.DX; 2016 SLF.CL. 2018, SBF.DF). As defined by the
manufacturer, concentrations =108 U/ml were considered
positive, and concentrations <108 U/ml were considered nega-
tive. Samples with concentrations between 90 and 107 U/ml
were retested and reclassified.

Asymptomatic infection was defined as (1) a negative result
for mumps IgG antibody in one serum specimen, followed by
a positive result for mumps IgG antibody in the next serum
specimen with no clinical manifestations; or (2) a positive result
for mumps IgG antibody in one serum specimen and a fourfold
or greater increase in mumps IgG antibody concentration in the
next serum specimen with no clinical manifestations.

Statistical analysis

The database was established using EpiData v3.1 software, with
statistical analyses performed using R v4.0.4 software.



Immunity to mumps virus in the enrolled children who
received two doses MuCV was described in terms of seroposi-
tivity rates and GMC with 95% confidence intervals (CIs).
Persistence of immunity was evaluated in children without
asymptomatic mumps infection. Changes in mumps seroposi-
tivity rates from 2015 to 2018 were compared by the McNemar
test. The declining trends of log transformed GMC levels from
2015 to 2018 were analyzed by repeated measures analysis of
variance (RMANOVA) for boys and girls as well as for chil-
dren with different vaccination ages at the second dose.
Mumps antibody GMC and seropositivity levels as a function
of time were also compared by Wilcoxon rank sum tests and
Fisher’s exact tests, respectively, at each follow-up. In these
analyses, vaccination age at the second dose was defined as the
years between the date of second dose of MuCV and the date of
birth. The vaccination interval (function of time) was defined
as the period between the date of the second dose of MuCV
and the date of blood collection. All hypothesis tests were two-
sided with a =0.05 defined as statistically significant.

Results

A total of 105 children aged 3-7 years from Jiangsu Province
was included in the study cohort. Before the first blood collec-
tion in 2015, all participants received two doses of MuCV, with
their first dose of MMR at age 8-12 months. Eighty-one sub-
jects (77.1%) received their second dose at age 2-3 years, and
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24 (22.9%) at age 4-6 years. Of these subjects, 87 (82.9%)
received mumps monovalent vaccine, 14 (13.3%) received
MMR, and (3.8%) received MM. None of these subjects were
clinically diagnosed with mumps during the 4-year follow-up
period, whereas six (5.7%) and eight (7.6%) asymptomatic
infections during follow-up from 2015 to 2016 and from
2016 to 2018, respectively. Immunity profiles were analyzed
in all 105 subjects, whereas waned immunity was analyzed in
91 (86.7%) participants without subsequent mumps infection
(Figure 1).

Baseline immunity to mumps virus in 2015 for 105 children
who received two-dose MuCV is shown in Table 1. The total
seropositivity rates was 92.4%, whereas the total mumps anti-
body GMC was 547.6 U/ml. For different subgroups, the
immunity level of girls seems higher than that of boys. And
children receiving the second dose at 2-3 years old showed
higher immunity levels than those receiving the second dose at
4-5 years old.

Table 2 shows the persistence of immunity analysis in 91
children without asymptomatic mumps infection. The total
seropositivity rates remained relatively stable in the first 2
years and declined to 84.6% in 2018, whereas the total mumps
antibody GMC decreased from 641.7 U/ml to 342.2 U/ml over
the 4 years. For different subgroups, the seropositivity rates in
girls remained stable, whereas it declined significantly in boys
from 2016 to 2018. For the children receiving the second dose at
2-3 years old and at 4-5 years old, both the antibody GMC and
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® 2% dose: 87 mumps monovalent vaccine; 14 MMR; 4 MM

v

v

mumps cases surveillance ]

mumps immunity surveillance

. J

A 4

(1) follow up every 2 months;
(2) reported by parents, teachers;
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Figure 1. Flowchart of the study population, including recruitment and follow-up.
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Table 1. Baseline immunity to mumps virus in 105 enrolled children who received two-dose MuCV in 2015 in

Jiangsu Province, China.

Characteristics N (%) Seropositivity (95% Cl, %) GMC (95% Cl, U/ml)
Gender
Male 59 (56.2) 88.1(77.1,95.1) 419.4 (252.0, 698.0)
Female 46 (43.8) 97.8 (88.5, 99.9) 771.0 (611.2, 972.5)
Vaccination age at second dose (years)
2-3 81(77.1) 96.3 (89.7, 99.2) 696.6 (499.4, 971.8)
4-5 24 (22.9) 78.3 (56.3, 92.5) 232.2 (120.2-448.6)
Total 105 (100.0) 92.4 (85.5, 96.7) 547.6 (403.6, 743.1)

Table 2. Mumps antibody responses among 91 enrolled children without subsequent mumps infection in Jiangsu Province, China.

Seropositivity? (95% Cl, %)

GMC (95% Cl, U/ml)°

Characteristics N (%) 2015 2016 2018 2015 2016 2018
Gender
Male 52 (57.1) 92.3 (81.5, 97.9) 86.5 (74.2,94.4)  75.0 (61.1, 86.0)  488.3 (280.5, 850.0) 3273 (191.6, 559.0)  256.8 (184.0, 358.6)
Female 39 (42.9) 100.0 (91.0,) 100.0 (91.0,7) 97.4 (86.5,99.9) 923.7 (752.0,1134.6) 615.4 (482.1,785.6) 501.7 (402.3, 625.6)
Vaccination age at second dose (years)
2-3 81 (77.1) 98.6 (92.5-100.0) 97.2 (90.3-99.7)  88.9 (79.3-95.1)  796.5 (554.5, 1144.2)  535.4 (432.9, 662.1)  372.2 (302.1-458.6)
4-5 24 (22.9) 84.2 (60.4-96.6) 73.7 (48.8-90.9) 68.4 (43.5-87.4) 282.9 (135.9, 589.2) 185.3 (47.4,724.6) 248.8 (118.7-521.3)
Total 91 (100.0) 95.6 (89.1, 98.8) 92.3 (84.8-96.9)  84.6 (75.5-91.3)  641.7 (461.2, 893.0) 429.0 (310.0, 593.7)  342.2 (274.5, 426.6)

The total seropositivity rates were compared by McNemar test: pao1s vs 2016 = 0.250; P2o16 vs 2018 = 0.016; P2o1s vs 2018 = 0.02.
PThe repeated measurements of GMC were Tested by RMANOVA: for gender, F = 6.279, p = .014; for vaccination age at second dose (years), F = 7.100, p = .009.

seropositivity rate showed a declining trend. The McNemar test
showed that the overall seropositivity rate for mumps
decreased slightly from 2015 to 2016 (p =.250) but signifi-
cantly in 2018 (p2015 vs 2018 =-0025 Pro16 vs 2018 =-016).
A declining trend was also found for the total GMC level,
with that of 2015 significantly higher than 2018. RMANOVA
showed that antibody levels differed significantly in boys and
girls (F=6.279, p=.014) but with a consistent downward
trend (F=0.014, p=.987 for the interaction effect between
gender and time point). Additionally, children receiving
the second dose at 2-3 years possess a higher GMC level
than those vaccinated the second dose at 4-5years
(F=7.100, p=.009) but with a different changing trend in
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the 4 years (F =3.132, p =.046). Dot-plots of individual sub-
jects’ GMC level by gender and by vaccination age (years) at
the second dose are shown in Figure 2.

Table 3 shows the mumps antibody GMC and seropositivity
rate for children during each cross-sectional year (2015, 2016,
and 2018) as a function of time after second dose of MuCV
administration. Mumps antibody GMC was significantly
higher in children assessed 1year than >2years after
the second dose. Although GMC did not differ significantly
in children assessed 2 and >3 years after the second dose of
MuCV, the seropositivity rate was significantly higher at 2
years than at >3 years, and still significantly decreased from 4
years after the second dose to =5 years.
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Figure 2. Immunity to mumps virus from 2015 to 2018 in children Aged 3-7 years who received the Two-dose MuCV regimen. (a) GMC level by gender; (b) GMC level by

Vaccination age (years) for the second dose.
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Table 3. Mumps antibody GMC and seropositivity levels in children as a function of time since the second dose of MuCV administration each year as each cross

section.
GMC (U/ml) Seropositivity (%)

Cross-sections Years post the second dose GMC (95% Cl) p* Seropositivity (95% Cl) p**

2015 1 7343 (519.1, 1038.7) .002 97.5 (91.4-99.7) .083
22 215.4 (82.4, 563.5) 80.0 (44.4-97.5)

2016 2 463.0 (330.3, 649.0) 233 95.1 (87.8-98.6) .027
23 231.3 (65.2, 820.6) 70.0 (34.8-93.3)

2018 4 367.2 (293.5, 459.4) .148 87.7 (78.5-93.9) .044
=5 193.3 (76.4, 489.0) 60.0 (26.2-87.8)

*Tested by Wilcoxon rank sum tests.
**Tested by Fisher's exact tests.

Discussion

The present study described the immunity profile of mumps
antibody in a cohort of 105 children aged 3-7 years who
received a two-dose MuCV in Jiangsu Province, China. From
2015 to 2020, none of these children developed clinically
diagnosed mumps and 14 asymptomatic infections were
observed. In general, the results of this study showed that the
overall seropositivity rate remained relatively high and stable
levels during the 4-year study period (84.8%-92.4%). This rate
was close to the seropositivity rate for herd immunity to
mumps (88%-92%), a rate considered the threshold for inter-
rupting mumps transmission.”"** In addition, the mumps
antibody GMC was significantly higher with two-dose than
one-dose MuCV,> suggesting that the two-dose MuCV sche-
dule can provide more protection against mumps infection.
Receiving two doses of MuCV at a suitable age can greatly
reduce the risk of infection in children and reduce the burden
on epidemic control.

Persistence of immunity analysis shows that seropositivity
rates declined significantly in 2018 (p =.02), which retained
a stable high level in girls but decreased to 75% in boys in
2018. Although the overall mumps antibody GMC for children
who received two-dose MuCV remained above the positive
threshold (108 U/ml) from 2015 to 2018, the mumps antibody
GMC decayed significantly but similarly after 2015 for both
boys and girls.

The reasons underlying the difference in mumps antibody
GMC in boys and girls remain unclear. Although several
studies have reported no statistically significant differences in
mumps antibody GMC between genders,>'>'® the present
study found that the mumps antibody GMC was significantly
lower in boys than in girls. Moreover, some mumps epidemics
occurring in Chinese schools showed that more boys than girls
were affected.’® A national study in Finland, a country in
which mumps has been eliminated, found no difference in
antibody levels between boys and girls during the first few
years after second-dose MMR vaccination; however, antibody
levels were significantly lower in boys than in girls 8 years after
MMR.** Several reports of mumps outbreaks in schools in the
United States indicated that more girls than boys were infected
with the mumps virus.»*>?® Additional studies may be
required to assess the mechanisms underlying the differences
between boys and girls in immune responses to mumps.

Although many countries have adopted two-dose MMR
immunization strategies to prevent and control mumps, the
effectiveness of these strategies may be limited.”*” In most

countries in Europe and the United States, where the first
dose of MMR is administered at age 12-15months and
the second dose at age 4-6 years,”*’ similar trends of decreas-
ing mumps antibody levels were observed, with these children
reported to be at higher risk of mumps infection approxi-
mately 13 years after completing the two doses of MMR
regimen.®”" The present study found that mumps antibody
GMC was significantly higher in children 1 year than >2 years
after the second dose of MuCV, that seropositivity rate
decreased each year after immunization. Because the observa-
tion period in this study was only 4 years, longer-term studies
are needed to determine the most appropriate timing of
mumps vaccine booster. The repeated cross-sectional analysis
indicates the need to evaluate the seropositivity rate >4 years
after two-dose MuCV administration.

None of these children developed clinically diagnosed mumps
during the follow-up surveillance period. Asymptomatic infec-
tion following two doses of MuCV was observed in six (5.7%)
children from 2015 to 2016 and in eight (7.6%) from 2016 to
2018. About 7%-10% of school-aged children who received two
doses of MuCV were reported likely to develop an asymptomatic
infection in primary schools with intermediate vaccine coverage
during a mumps outbreak,’" indicating that lower antibody
concentrations can protect children from clinical symptoms
and complications. Notably, the persistent co-occurrence of
asymptomatic infection and seronegative can partly explain the
relatively stable seropositivity rate in the population over a short
period of time.** This finding demonstrates that the two-dose
MuCV strategy is effective in controlling low-level epidemics of
mumps virus in primary school-aged children.

The present study had several limitations. First, the follow-
up times for the vaccinated children were relatively short, and
serum was collected only three times. Second, the efficiency of
the two-dose MuCV regimen against mumps could not be
evaluated, because none of these children developed mumps.
Prospective studies, with mumps cases surveillance of children
who develop mumps, are needed to determine the immune
persistence of two-dose MuCV.

Conclusions

The present study described the immunity profile of mumps
antibody in a cohort of 105 children aged 3-7 years old who
received a two-dose MuCV, which provided a useful reference
for evaluating the effect of two doses of MuCV. This study
found that a two-dose MuCV strategy can protect children
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from clinically diagnosed mumps for at least 5 years post vacci-
nation. Two-dose MuCV vaccination induced a high level of
immunity to mumps but seropositivity rates and antibody level
decayed significantly 2 years after the second dose. Both sero-
positivity rates and antibody level may differ by gender or
vaccinated age for the second dose, which requires further
verification. It is suggested to have two-dose MuCV vaccination
for children, and further surveillance of waning immunity
beyond 4 years is needed to avoid future mumps epidemics.
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