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Original article

Static model simulation for
routine mumps vaccination in
Japan: with a result of mumps-
related complications in a
Japanese community hospital

Purpose: Mumps vaccine has not been included in the routine national immunization program
in Japan, leading to low vaccine coverage rates and periodic epidemics approximately every
5 years. Our hospital (a secondary community hospital in Japan) experienced an increased
number of mumps-related complications with a nationwide epidemic in 2016. Using previously
reported data and mumps-related cases in our hospital, we estimated the cost-effectiveness
of routine mumps vaccination in Japan with a static model using current epidemiologic data.
Materials and Methods: With a decision tree flowchart of mumps infection and adverse events,
we estimated the burden of mumps-related complications in our hospital for 5 years, and cal-
culated the current annual national burden. Finally, we compared the current burden and as-
sumptive burden of the stable state after routine vaccination in Japan using a static model.
Results: The cost-benefit ratios with sensitivity analysis were 3.69 (1.08-9.52) and 6.84 (1.51-
23.73) in independent inoculation and simultaneous inoculation, respectively, from a social
perspective in addition to an annual gain of 9,487 (3,227-14,659) quality adjusted life years.
Conclusion: We contributed additional evidence in terms of cost-effectiveness that routine
mumps vaccination should be introduced in Japan with simultaneous inoculation.

Keywords: Mumps vaccine, Immunization program, Cost-benefit analysis, Quality adjusted
life years

Mumps vaccine was included in the national immunization programs (NIPs) of 121
countries as of late 2015 [1]. Countries where routine mumps vaccination has not yet
started are some African countries, South Asian countries, and Japan. In Japan, rou-
tine vaccination was stopped in 1993 because vaccine-induced aseptic meningitis
provoked a social problem. Thereafter, vaccine coverage has been 30%-40% due to
voluntary inoculations. Because of the low coverage rate in Japan, there are 400,000 to
1.5 million mumps patients in Japan, and there was another nationwide epidemic in
2016 [2]. Complications occur at the following rates: aseptic meningitis 1%-10%, en-
cephalitis 0.03%-0.2%, hearing loss 0.1%, orchitis 25% in adult men, and oophoritis 5%
in adult women [3].

We reviewed mumps-related complication cases over 5 years in our hospital (a 430-bed
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Fig. 1. Decision tree flowchart of mumps infection and adverse events due to vaccination.

secondary hospital in Nara Prefecture, Japan) and the cost-effec-
tiveness of routine vaccination in Japan using a static model.

We created a decision tree flowchart of mumps infection and
adverse events due to vaccination (Fig. 1). We estimated the
burden of mumps-related complications using current available
data and cases in our hospital for 5 years, and then we comput-
ed the current annual national burden. Finally, we compared
the current burden and assumptive burden of the stable state
after routine vaccination in Japan using a static model. All of the
calculations were performed by the methods described as fol-
lows with Microsoft Excel 2016 (Redmond, WA, USA).

Calculation of the burden of mumps-related complications in
Nara Prefecture General Medical Center (2012-2016)

We reviewed the electronic medical records of Nara Prefecture
General Medical Center, Japan (a 430-bed secondary hospital
in Nara Prefecture) and calculated the burden of all mumps
related complication cases from January 1, 2012, to Decem-
ber 31, 2016. All mumps-related complication cases in our
hospital were diagnosed with serological confirmation. Med-
ical costs included the outpatient and inpatient costs of the
hospital for mumps complications. We confirmed that no cas-
es with mumps-related complications had any other medical
conditions throughout the periods of cost calculation. Social
cost was estimated by (recuperation period) x (average adult
female wage) in pediatric cases and (recuperation period)x
(average adult wage by sex) in adult cases because a patient’s

parent must care for his or her children with taking off from
work in most pediatric cases, and patients themselves must
take off work in adult cases. The recuperation period was the
duration from the date of the patient’s first day of absence
until the day before the doctor’s permission to return to work
or school. Overall, male and female hourly wages were esti-
mated as 2,172, 2,496, and 1,667 Japanese Yen (JPY)/hr [4].
Since national surveillance data do not contain information
about the patient’s age in adult cases or parents’ ages in pedi-
atric cases, although they do include pediatric patient ages
(6-month intervals before 1 year old, 1-year intervals from 1
to 10 years old, and 5-year intervals from 10 to 20 years old),
we did not consider age-specific wages in our calculation [5].

Current annual medical and social costs and quality-adjusted

life years lost due to all mumps-related burdens in Japan

We estimated the total mumps-related burden (medical cost,
social cost, and quality-adjusted life years [QALYs] lost) in Ja-
pan. Using surveillance data from 2000 to 2016, we calculated
the number of annual average symptomatic mumps patients
[2,5]. To estimate the burden of mumps and its related com-
plications, we referred to each preceding study for reports of
encephalitis, orchitis, oophoritis, hearing loss, other mumps-
related hospitalizations, and outpatient cases [6-11]; however,
for meningitis, we used the data from real mumps meningitis
cases from our hospital because there were few data available
about the burden of mumps meningitis in Japan. For example,
Hoshi et al. [12] used data on pneumococcal meningitis as an
estimation of the burden of mumps meningitis in a previous
study, but these data are not appropriate for the estimation of
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the burden of mumps meningitis because the clinical courses
of mumps meningitis and pneumococcal meningitis are very
different [6]. The incidence of mumps meningitis was esti-
mated to be 2.23% of all mumps cases in a previous study [13].

For encephalitis cases, we used 0.05% as the incidence,
and a study of pneumococcal meningitis was substituted for
the estimation of mumps encephalitis because of a lack of
available data nationwide and in our hospital [6,13]. The re-
cuperation periods per case for social cost calculation were
22.7 and 21.1 days for younger than 3 years old and 3 or older,
respectively [6]. In cases with neurological sequelae, the an-
nual medical costs were calculated as 368,350 and 396,929
JPY for younger than 3 years old and 3 or older, respectively,
throughout the rest of their lives [6]. Japanese average life ex-
pectancy was 80.5 and 86.8 years old in men and women, re-
spectively, in 2016 [14]. According to national surveillance
data, 13.7% of mumps cases are estimated to occur in patients
younger than 3 years old [5]. We assumed that each patient
loses 0.43 QALYs per year [6]. In this section, we used healthy
life expectancy instead of life expectancy. Japanese average
healthy life expectancy was 71.19 and 74.21 years old in men
and women, respectively, in 2013 [15]. Social deficit was cal-
culated as 0.43 x (average adult annual wage) x 45 years (peri-
od of productive age in Japan).

The burdens of orchitis and oophoritis were estimated as
171,732 and 186,905 JPY in medical costs, respectively, 4.9
and 5.3 days in recuperation periods for the calculation of so-
cial costs, and 0.01 QALYs loss per case [7].

With respect to hearing loss, we used the studies of Yama-
naka et al. [9] and Okubo et al. [10] for unilateral and bilateral
hearing loss, respectively, with 0.1 and 0.2 QALY loss in each
patient followed by a subsequent social deficit as 0.1x (aver-
age adult annual wage by sex)x45 years and 0.2x(average
adult annual wage by sex) x45 years. Medical costs were esti-
mated as 79,422 and 4,000,000 JPY for each unilateral and bi-
lateral case, respectively.

Regarding other mumps-related hospitalizations and out-
patient cases, we used the study of Sugawara et al. [11] with
the results of 233,200 and 10,477 JPY as medical costs, respec-
tively, and 9.5 days and 5.0 daysx (adult women daily wage)
as social cost, and 0.01 and 0.005 as QALYs loss per case. Five
days was the mandatory absence period for all mumps cases.

Using national surveillance data from 2000 to 2016, we cal-
culated that 53.6% of mumps cases were male, and 1.7% were
adults. We assumed that these proportions were equal among
all complications other than orchitis and oophoritis [5].
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In addition, we performed sensitivity analysis for each com-
plication to address the variability of each case’s burden, as
described later.

Reduction of patients due to routine vaccine introduction
Since our study was a static model and we could not simply
apply vaccine efficacy to reduce the rate of incidence, we re-
viewed data from countries comparing incidences before and
after the introduction of routine mumps vaccination [3,16-
19]. The study of Galazka et al. [3] showed that countries where
two-dose routine vaccination was introduced achieved from
97% to more than 99% reductions in cases comparing before
and after routinization, while those with one-dose vaccina-
tion had 88 to 98% reductions. For example, Finland achieved
more than a 99.9% reduction in cases [16]; however, mumps
are endemic in countries with high coverage rates of two-dose
vaccinations. We assumed that the number of patients and
the burden of the disease would decrease by 98% after a sta-
ble state of routine vaccination [19]. We performed sensitivity
analysis with a range of a 70%-99.9% reduction in cases.

Increased adverse events, cost, QALYs, and burdens due to
routine vaccination

We expected a 96.2% first dose coverage rate and 92.9% sec-
ond dose coverage rate once mumps vaccine was included in
the NIP with full financial support from the government [20].
These coverage rates were from measles-rubella vaccine cov-
erage in 2015, which was already included the NIP in Japan.
We assumed 6,000 JPY for the vaccination cost for each dose.
One million people are eligible for vaccination each year. We
estimated a 30% first dose coverage rate and a 0% second
dose coverage rate in the current state [12,21,22]. In addition,
if children received single mumps vaccinations (independent
inoculation), we considered the parent’s burden to take them
to health care facilities to be 0.5 working days lost for each
vaccination. If they received mumps vaccine with other vac-
cines (simultaneous inoculation), we did not consider any
further deficits. In the routine vaccination program, we as-
sumed all children to receive a first dose at 1 year old. For rate
estimations of each adverse event due to vaccinations, we
first referred to a prospective or randomized study for the ad-
verse event. In adverse events without such studies, we re-
ferred to a retrospective study. The rate of each adverse event
was estimated as follows: fever 6.0% (336/5,603), parotid gland
swelling 1.8% (97/5,541), meningitis 0.016% (1/6,443), ence-
phalitis 0.0004%, and hearing loss 0.000017% [21,23,24].
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According to nationwide retrospective surveillance reports of
suspected adverse events with the mumps vaccine, 3,784,329 vac-
cines were administered from Apr 1, 2013, to Mar 31, 2016 [25].
Four suspected cases of anaphylaxis were reported (one case of
anaphylactic shock and three cases of anaphylactic reactions);
however, after reviews by experts, none of these cases were di-
agnosed as level 3 by the Brighton Collaboration minor and
major criteria, and no severe anaphylaxis cases were confirmed.
Other suspected adverse events, such as pancreatitis (one case),
immune thrombocytopenic purpura (six cases), and Guillain-
Barre syndrome (one case), were reported [23]. We did not in-
clude these very rare adverse events in our analysis because all
of these adverse events also occurred in cases of natural infec-
tions without available data regarding the burdens of these rare
adverse events and these complications due to natural infec-
tions, and considering these conditions in adverse events anal-
ysis alone might have prevented accurate estimation.

We assumed that the severity and cost of adverse events
were the same as those of natural infections because of a lack
of reliable data about the burdens of adverse events. We also
supposed that 10% of febrile patients and patients with pa-
rotid gland swelling after vaccination would visit outpatient
clinics, and the medical and social costs in the cases were the
same as in those with natural mumps infection.

Cost-benefit ratio and QALY gain for routine mumps vaccina-
tion with sensitivity analysis

Finally, we calculated the cost-benefit ratio and QALY gain
using sensitivity analysis. As parameters of sensitivity analy-
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Fig. 2. Mumps-related complication cases in Nara Prefecture General
Medical Center (2012-2016) and estimated overall number of patients
in Japan. The overall number of patients in Japan was estimated us-
ing Japanese epidemiologic data.
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sis, we selected vaccine cost (4,000 to 8,000 JPY per dose),
vaccine coverage rate (80% and 70% to 99% and 99% for the
first and second doses, respectively), reduction rate in patients
after routinization (70% to 99.9%), burden of each complica-
tion of natural infection (-50% to +50%), and incidence of ad-
verse events after vaccination (-50% to +50%).

Burden of mumps-related complications in Nara Prefecture
General Medical Center and estimation of all mumps-related
burdens in Japan

Fig. 2 shows the number of mumps-related complications in
Nara Prefecture General Medical Center from January 1, 2012,
to December 31, 2016, in addition to the estimated overall
number of patients in Japan. We could see an increase in com-
plications cases in 2016 (meningitis, eight cases; orchitis, six
cases; hearing loss, two cases) because there was a nationwide
epidemic in 2016 [5]. The incidence in 2016 was approximate-
ly 4 times that in 2013 and 2014.

Table 1 shows the burden of each complication. The costs
of orchitis were less than those of hearing loss and meningitis
because all of the cases of orchitis in our hospital were treated
as outpatients.

Annual burden due to mumps in Japan from 2000-2016

We calculated that the average number of mumps patients
from 2000 to 2016 was 907,345, and the average age of patients
with mumps infection was calculated as 6.43 years old [5].
The number of patients and age distributions by year are list-
ed in Table 2. The burdens of each complication are estimat-
ed in Table 3. The estimated medical cost was 21.6 billion JPY,
and the estimated social cost was 63.3 billion JPY per year in
addition to 9,487 JPY in annual QALY loss.

Reduction in patients due to routine vaccine introduction
After the 98% reduction in patients and burdens of mumps

Table 1. Burdens of each complication in Nara Prefecture General
Medical Center (2012-2016)

Medical cost  Social cost Recuperation
(JPY) (JPY) period (day)
Meningitis (n=13) 547,493 223,416 16.75
Orchitis (n=6) 29,017 197,711 99
Unilateral hearing loss (n=3) 439,760 160,059 12.0
JPY, Japanese Yen.
123
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Table 2. The number of mumps patients in Japan and age distribution by year from 2000 to 2016

Year Total patients <5mo 6-11mo 1yr 2yr 3yr 4yr 5yr 6yr Tyr 8yr 9yr  10-14yr 15-19yr >20yr
2000 1,170,000 696 6,710 50541 101,067 159,373 213445 210610 149124 93343 58,193 36,735 63635 6,058 20,481
2001 2,260,000 730 6,440 103,404 207,393 324221 413,774 376,810 284,089 185104 111327 70494 119295 12981 39,919
2002 1,089,000 524 5590 49353 96,297 154696 197,412 182597 129528 91,485 57,784 36670 62205 6528 18754
2003 515,000 651 6,222 22714 45223 71,168 96,764 92313 63455 42005 28,198 18587 31,784 3386 9387
2004 821,000 614 5749 37,063 75387 115140 151,714 146483 100,347 62,152 39914 25674 39026 3983 13860
2005 1,356,000 617 5537 63354 125142 204991 253662 229,399 164,940 105593 63932 41,199 66,725 6483 23447
2006 1,186,000 589 6420 52,703 104,266 164,158 216,146 199,240 140974 99478 66476 41851 67227 5379 21,262
2007 431,000 569 5660 19483 37,708 58462 75097 73190 52137 35585 24638 16279 27,15 2066 6,903
2008 499,000 448 5209 22933 46,186 70,357 89377 86420 61829 38308 25493 18103 27518 2529 8,001
2009 798,000 459 6,064 38471 76484 115513 142079 133068 96398 64,741 41309 26682 42644 3380 12,635
2010 1,368,000 495 5203 59450 115344 184,367 234,465 224,077 173552 120,781 84811 51,880 84476 6367 22117
201 1,009,000 452 4924 44850 86425 136603 173850 166,181 121,044 86940 63065 40,132 64868 4475 16,015
2012 525,000 360 4350 23569 43324 66254 87293 87711 64,736 45422 32863 22916 37383 2832 8414
2013 301,000 371 4507 11,203 24248 37110 48804 49076 38027 26693 19545 13441 24901 1629 4989
2014 340,000 454 4620 14002 25502 43156 55706 56,777 42804 29646 22026 18388 25834 1,848 5985
2015 534,000 272 2816 26344 51890 81486 105183 100,767 73,105 49,185 33085 22052 35924 3053 10,013
2016 1,162,000 532 5511 51553 101,544 159,460 205834 197,191 143,061 96,251 64,744 43155 70299 5974 19594

Table 3. Incidence and burdens of each complication estimated

Incidence (%)

Medical cost per case (JPY)

Social cost per case (JPY) QALYs lost per case

Meningitis 223 547,493 223416 0.023
Encephalitis 0.05 852,642 for <3 yr 140,478 0.023
843,867 for >3 yr
Encephalitis with sequelae 0.000215 368,350/yr for <3 yr 0.43xannual wage by sex/yr 0.43 xlife expectancy (yr)
396,039/yr for >3 yr
Orchitis 25 (adult) 171,732 97,857 0.01
Oophoritis 5 (adult) 186,905 70,693 0.01
Unilateral hearing loss 0.098 79,422 0.1xannual wage by sex/yr  0.1xhealthy life expectancy (yr)
Bilateral hearing loss 0.002 4,000,000 0.2xannual wage by sex/yr  0.2xhealthy life expectancy (yr)
Other hospitalization 1.52 233,200 127,282 0.01
Outpatient 66.11 10,477 66,991 0.005

JPY, Japanese Yen; QALYs, quality-adjusted life years.

due to routine vaccination, medical costs, social costs, and
QALYs lost were estimated as 431 million JPY, 1.27 billion JPY,
and 196, respectively.

Increased adverse events, cost, QALYs, and burdens from
routine vaccination

The incremental budget for routine vaccination is 9.55 billion
JPY from a social perspective and 11.35 billion JPY from the
payer’s perspective. The estimated incidence and burden of
each adverse event are calculated in Table 4. Incremental
medical costs, social costs, and QALYs lost due to routine vac-
cination were 271 million JPY, 890 million JPY, and 132, re-
spectively, per year.
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Cost-benefit ratio and QALY gain for routine mumps vaccina-
tion with sensitivity analysis

Table 5 showed that the cost-benefit ratios were 3.69/6.84
with independent/simultaneous inoculation from a social
perspective and 3.42/5.97 from the payer’s perspective. Con-
sidering the worst and best scenarios with all of the parame-
ters in sensitivity analysis (vaccine cost, vaccine coverage rate,
reduction rate of patients after routinization, burden of each
complication of natural infection, and incidence rates of ad-
verse events after vaccination), each cost benefit was 3.69
(1.08-9.52)/6.84 (1.51-23.73) with independent/simultane-
ous inoculation from a social perspective, and 3.42 (1.04-7.89)/
5.97 (1.43-15.66) from the payer’s perspective. Moreover, an

https://doi.org/10.7774/cevr.2017.6.2.120
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Table 4. Increased adverse event due to routine vaccination

Increased adverse event Incidence (%)

Fever 6.0 95,409
Parotid gland swelling 18 27,852
Meningitis 0.016 247
Encephalitis 0.0004 6.3
Encephalitis with sequelae 0.00000017 0.027
Unilateral hearing loss 0.000017 0.26
Bilateral hearing loss 0.0000003 0.0053
Total - 123,514

JPY, Japanese Yen; QALYs, quality-adjusted life years.

Table 5. Estimated cost-benefit ratio of routine mumps vaccination in

Japan
Independent Simultaneous
inoculation inoculation
Social perspective 3.69(1.08-9.52) 6.84(1.51-23.73)
Payer's perspective 3.42(1.04-7.89) 5.97 (1.43-15.66)

The ranges are from the point all of the parameters of sensitivity analysis were
vaccine-unfavorable values to the point all of them were vaccine favorable values.

annual QALY gain of 9,487 (3,227-14,659) was expected if a
stable status of routine vaccination was achieved. The ranges
were the results when all of the parameters of sensitivity anal-
ysis were vaccine-unfavorable values and when all of them
were vaccine favorable values. Sensitivity analysis revealed
that the burden of each complication and the reduction in
mumps patient were factors vulnerable to the cost-benefit ra-
tio (Fig. 3). Even in the worst scenario with all of the parame-
ters in sensitivity analysis, the cost-benefit ratio was greater
than 1.

This study proposed additional evidence using a static model
that Japan must start routine mumps vaccination urgently,
considering the current enormous burden of the disease that
we calculated in this study. There have been studies that showed
the cost-effectiveness of mumps routine vaccination [11,12,
25,26). The cost-benefit ratio of independent inoculation from
a social perspective in our study was 3.69. This number indi-
cated that routine mumps vaccine would be highly cost-ef-
fective compared to other vaccines, such as Rota vaccine. The
cost-benefit ratio of Rota vaccine in Japan is 0.95 [27].

The characteristics of this study were a medical cost esti-

https://doi.org/10.7774/cevr.2017.6.2.120

No. of patients

Medical cost Social cost

(million JPY) (million JPY) Dbl
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135,194,997 55,169,155 57
5426214 1421819 0.15
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Sensitivity analysis with cost benefit ratio of independent vaccination in

6 social perspective
5.33
5 L
2 4.28
= .
s 4p 416 396 278
=
5 3 324 359 38
c
[
Q0
7 2+ 181 191
S
1L
0 I I I I
XQ ) S &
> R & &° &
NS D § o 5@ S
o o & $* S\Qo\b AN AN
AQ,Q .o S o PG R S\ W Q"\°
SN L & 5 8
©) oS S c,'&\0 6\0\ (\0&6\0@ (&Q’OQ" K
& SN &8 S
2 &

Fig. 3. Sensitivity analysis. The figure plots worst and best scenarios
for each parameter of vaccine cost (4,000 to 8,000 per dose), vaccine
coverage rate (80%, 70% to 99%, and 99% for first and second doses,
respectively), reduction rate of patients after routinization (70% to
99.9%), burden of each complication of natural infection (-50% to
+50%), and incidence of adverse events after vaccination (-50% to
+50%). JPY, Japanese Yen.

mation based on real mumps meningitis cases, proof of an
enormous QALY gain in addition to a high cost-benefit ratio,
reasonable vaccination coverage rates, and considering the
incidence rates of adverse events based on domestic studies
[21,23]. The former Japanese study estimated that the routine
vaccine coverage rates were 76.0% (first dose) and 72.7% (se-
cond dose), respectively [13]; however, we believe that the
coverage rates for mumps vaccine should be equal to those
of other vaccines in the NIP once the Japanese government
includes mumps vaccine in the NIP.

Regarding the cases in our hospital, we experienced a sharp
increase in mumps-related complications in 2016. Although
we believe that the increase in mumps meningitis in our hos-
pital in 2016 was mainly due to the nationwide epidemic, it
might indicate the possibility of missed diagnoses in the non-
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epidemic season rather than an anchoring error of doctors in
the epidemic season because all of the mumps-related cases
in our hospital were serologically confirmed. The burden of
cases in our hospital was different from that in previous stud-
ies. For example, the medical cost of unilateral hearing loss
was much higher in our cases than in preceding studies. Con-
versely, the medical cost of orchitis in our hospital was less
than that of national reports because all of the orchitis patients
were followed up as outpatients in our hospital. We used pre-
vious reports in our cost-effective analysis because of the lar-
ger sample size; however, we chose to use our cases to esti-
mate the burden of mumps meningitis since the preceding
study was derived from a group with poor prognosis in the
estimation of mumps meningitis, which usually has an excel-
lent prognosis [6].

There were several limitations of our study. First, this study
used a static model without herd immunity considerations.
Due to a lack of herd immunity consideration, the estimation
of the reduction in the number of patients after routinization
was unclear. Ideally, vaccine efficacy should be considered in
a simulation study. The efficacy of vaccination for mumps is
different between vaccine strains. In Japan, the Hoshino and
Torii strains are widely used. These strains are considered to
have better vaccine efficacy with more frequent adverse events
than those for the Jeryl-Lynn strain [21,28]. According to the
study by IThara and Ochiai [18], the efficacy of one-dose vacci-
nation for Japanese domestic strains was approximately 78.1%-
90.0%. Unfortunately, there are no data on the efficacy of 2
doses vaccination for Japanese domestic strains since few
people in Japan receive two-dose vaccinations. A lack of con-
sideration for vaccine efficacy and herd immunity was the
greater limitation of our study. Second, a more accurate esti-
mation of mumps meningitis is needed since our estimation
was based on data from only one facility and a small sample
size. Third, we considered only major mumps-related com-
plications and adverse events. Considering very rare events
would be better for thorough estimation, but it was difficult to
perform precisely due to a lack of detailed data about these
minor events.

Other factors which might have affected our results are as
follows. First, although we assumed that the severity and bur-
den of adverse events due to vaccination were the same as
those with natural mumps infections, we could infer that vac-
cine-induced mumps complications are less severe. Consid-
ering that assumption would have rendered our results more
vaccine-favorable, it was difficult to precisely estimate due to

126

alack of reliable data. Second, we calculated only adult orchi-
tis and oophoritis in the study with a lack of sufficient data on
adolescent complications, considering that adolescent orchi-
tis and oophoritis can result in more vaccine-favorable out-
comes. Third, we did not include transportation costs in our
estimations, which might have slightly affected our results.

Finally, the wide gap in the cost benefit ratio between si-
multaneous inoculation and independent inoculation was
confirmed in our study due to the burden of mothers taking
their children to health care facilities for vaccination. Since
simultaneous inoculation is widely accepted worldwide, we
recommend that mumps vaccination be administered with
other vaccinations to decrease the burdens of caregivers.

In conclusion, this study showed that routine mumps vac-
cination is cost-effective and QALY saving, but simulation with
a dynamic transmission model and herd immunity analysis

are needed for more accurate simulations.
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