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ABSTRACT

Introduction:  Japan will be transitioning from 
the free-of-charge COVID-19 vaccination pro-
gram to annual periodic vaccination under a 
national immunization program for old adults 
and high-risk patients from 2024 fall/winter 
season. The policy transition including out-of-
pocket payment requirement may discourage 
vaccination, leading to a lower vaccination rate. 
This study aimed to estimate the impact of vary-
ing vaccination rates with BNT162b2 COVID-19 
mRNA vaccine on economics and public health 
in an illustrative prefecture which administers 

and promotes the periodic vaccination program, 
using budget impact analysis.
Methods:  A combined cohort Markov deci-
sion tree model estimated the public health out-
comes of COVID-19-related symptomatic cases, 
hospitalizations and deaths; and the economic 
outcomes including vaccine-related cost, non-
vaccine-related medical cost, and productivity 
loss from the societal perspective. The base case 
examined the impact on the outcomes when 
vaccination coverage changed from the refer-
ence value of 50% to upper and lower values, 
respectively. Scenario analyses were performed 
based on multiple scenarios.
Results:  Increase in the vaccination rate dem-
onstrated improvement in all public health out-
comes. At 50% vaccination, the vaccine-related 
cost for 3 years in a prefecture was estimated at 
JPY 7.58 billion (USD 57.67 million), the non-vac-
cine-related medical cost at JPY 79.22 billion (USD 
602.48 million), the productivity loss at JPY 253.11 
billion (USD 1.92 billion), and the total cost at 
JPY 339.92 billion (USD 2.59 billion). When the 
vaccination rate increased to 90%, the total cost 
decreased by JPY 4.88 billion (USD 37.11 million) 
(1.4%). When the vaccination rate decreased to 
10%, the total cost increased by JPY 5.73 billion 
(USD 43.58 million) (1.7%). Results were consist-
ent across almost all scenario analyses.
Conclusions:  Maintaining a high vaccination 
rate with BNT162b2 is important from both pub-
lic health and economic perspectives in Japan. 
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The findings highlight to local governments 
the importance of continued effort to promote 
vaccination.
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Key Summary Points 

Why carry out the study?

Starting from the fall of 2024, Japan will be 
transitioning from the free-of-charge COVID-
19 vaccination program to annual periodic 
vaccination under National Immunization 
Program (NIP) to be implemented by local 
governments for those aged 65 years and 
above, and those aged 60-64 years at high risk.

Because the periodic COVID-19 vaccination 
program requires out-of-pocket payment, the 
vaccination rate is feared to become lower 
than before, leading to concerns that the full 
benefits of the vaccine may not be realized.

This study evaluated the impact of changes 
in vaccination rates on the economy of local 
governments and the health of their citizens.

What was learned from the study?

Increase in the vaccination rate led to reduc-
tion in COVID-19-related symptomatic cases, 
hospitalizations and deaths.

Although increase in the vaccination rate led 
to increase in vaccine-related costs, non-vac-
cine-related medical costs and productivity 
losses decreased even more, leading to a net 
reduction in total costs.

It is hoped that, with consideration given 
to the public health benefits, the impact on 
healthcare finance and the entire local soci-
ety, local governments in Japan will inves-
tigate and implement policies of promoting 
COVID-19 vaccination.

INTRODUCTION

COVID-19 is a highly infectious respiratory ill-
ness caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) that has become 
endemic throughout the world since the out-
break in December 2019 [1, 2]. In particular, sen-
ior citizens and those with underlying chronic 
illnesses affecting heart, liver, kidney, or respira-
tory organs, are at greater risk of aggravation of 
COVID-19 or mortality [3–5]. In responding to 
the massive public health crisis with COVID-
19 causing dramatic disruptions in social and 
economic activities [6, 7], BNT162b2 and other 
COVID-19 vaccines have reduced symptomatic 
infections, hospitalization, mortality rates and 
long-term sequelae (referred to as post-acute 
sequelae SARS-CoV-2 infection (PASC), or more 
commonly as “long COVID”) due to COVID-19 
[8–10], and they serve as a major tool in human-
ity’s fight against COVID-19. A growing body of 
evidence also supports the ongoing need for peri-
odic vaccinations in order to maintain immunity 
levels and lower risk of symptomatic infections, 
hospitalization and long COVID [11–13]. Moreo-
ver, COVID-19 vaccination can have a significant 
positive economic impact by reducing treatment 
costs as well as avoiding or shortening infection-
related absences from work [14, 15].

In Japan, vaccination has also led to significant 
public health benefits by reducing negative pub-
lic health outcomes of COVID-19 [16–19]. With 
major peak waves of the pandemic receding in 
Japan, the special temporary COVID-19 vaccina-
tion sponsored by the Ministry of Health, Labour, 
and Welfare (MHLW) of the Japanese government 
that allowed vaccination free of charge was ended 
in March 2024, and annual periodic COVID-19 
vaccination under a national immunization pro-
gram for people aged 65 and above and for people 
aged 60–64 at high risk has been approved to start 
in the fall of 2024 [20]. From the fiscal year 2024 
onward, the main purpose of COVID-19 vacci-
nation in Japan will be regarded by the national 
government as the reduction of the number of 
severe COVID-19 cases by preventing individu-
als from becoming seriously ill. The annual peri-
odic COVID-19 vaccination program requires a 
partial out-of-pocket payment from vaccination 
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recipients. This periodic vaccination program 
is administered by local municipalities in Japan 
which are also responsible for promotion of vac-
cination based on public health and economic 
perspectives. It implies that vaccine policies in 
each municipality can have a direct impact on the 
individual residents, as well as the public health 
and local economy of those communities.

A recent study in Japan has shown that booster 
vaccination with BNT162b2 is cost-effective ver-
sus no vaccination [21]. This result supports 
Japan’s COVID-19 vaccination policy under the 
NIP from the fall of 2024, including the eligible 
population and frequency. However, the imple-
mentation of the NIP, which includes the out-of-
pocket payment requirement for the vaccination, 
may discourage vaccination potentially leading 
to a lower vaccination rate than before. For local 
governments, maintaining a high vaccination rate 
is an important policy issue because COVID-19 
infection can impose large societal costs on local 
communities through decreased productivity of 
patients and increased burden on caregivers [22, 
23]. Thus, this study used the budget impact anal-
ysis (BIA) approach to evaluate the impact of vary-
ing vaccination rates on the number of COVID-
19 cases, hospitalizations and deaths, as well as 
societal costs at the level of local governments.

METHODS

Model Structure and Settings

A BIA was conducted comparing the annual 
periodic vaccination with BNT162b2 at various 
assumptions of vaccination rates for the vaccine 
eligible population. Since it is not the central 
government but the local governments that are 
responsible for administration of the periodic 
vaccination program and promotion of immu-
nization, an illustrative example of a prefecture 
in Japan (hereinafter referred to as Prefecture X) 
was adopted to conduct the analysis. The BIA 
model used for the present study was adapted 
from prior studies [21, 24–26]. The analy-
sis model consisted of two parts: the Markov 
model that represents the transition of subjects 
among the susceptible, infected, recovered, and 

vaccinated states (Fig. 1), and the decision tree 
model that represents the transition of the con-
dition of COVID-19 patients in the acute phase 
[24]. The analysis model was implemented as a 
static model programmed in Microsoft Excel. If 
available, model inputs were obtained for the 
period of the Omicron dominance in early 2022. 
The main model inputs are presented in Table 1.

Population

In the base case, the information in the National 
Census 2020 Basic Tabulation of Population 
was used to establish the population for each 
age group in Prefecture X (Table S1 in the sup-
plementary material) [46]. The analysis popu-
lation was defined to be the entire population 
of Prefecture X, excluding those who did not 
complete the two injections of the primary dose 
of the vaccine; and the vaccine eligible popu-
lation was defined to be people aged 65 and 
above and for people aged 60–64 at high risk 
within the analysis population. This is consist-
ent with the criteria for the population eligible 
for the new annual periodic COVID-19 vacci-
nation program in the fall of 2024 [20], analo-
gous to the vaccination program intended for 
the infectious diseases categorized as Class B 
by the MHLW, such as seasonal influenza [47]. 
Individuals at high risk were defined as those 
who have impaired heart, kidney, or respira-
tory functions that severely limit their personal 
lives, or those who have impaired immune func-
tion due to the human immunodeficiency virus 
(HIV) that makes daily living almost impossible 
[20]; these individuals were deemed equivalent 
to Grade 1 Disability for the physically disabled 
designated by the MHLW, and the proportion 
of individuals at high risk in the population was 
estimated based on patient surveys conducted 
by the MHLW [48]. The percentages of suscep-
tible/recovered (infection-induced immunity)/
vaccinated states at the start of the analysis were 
established based on a survey of actual antibody 
retention rates and several assumptions (Table S2 
in the supplementary material) [21, 49]. For the 
subgroup analysis 1, 3 municipalities in Prefec-
ture X (hereinafter referred to as City A, City B, 
and City C, where people aged 65 and above 
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make up 19.2%, 26.9%, and 36.1% of the city 
populations, respectively) with different rates of 
population aging were considered as the analy-
sis population (Table S1 in the supplementary 
material) [46]. For the subgroup analysis 2, the 
analysis population was restricted to those who 
are 65 years and above within the population 
of Prefecture X, to focus on the individual-level 
impact of changes in vaccination rates for the 
main target of the vaccination program.

Vaccine Effectiveness

COVID-19 vaccines have undergone changes in 
response to evolving pandemics through modi-
fication of the vaccine to be active against the 
viral strain prevalent at the time. Therefore, vac-
cine effectiveness is evaluated for each type of 
vaccine designed to be responsive to a specific 
viral strain. BNT162b2 vaccine was reported 
to be effective against COVID-19 infection 
rates, symptom rates, and hospitalization rates 
[50–52], and for the current analysis, in order 
to utilize the most recent and relevant data, we 
chose to use the effectiveness data of vaccine 
in use against the Omicron XBB1.5 viral strain 

at the time of the analysis. Due to the lack of 
appropriate published data in Japan for vaccine 
effectiveness against the XBB1.5 viral strain at 
the time of the current study, effectiveness for 
infection [27, 28], symptom [27–29], and hos-
pitalization [29–31] rates were set at 50%, 60% 
and 70% respectively, based on data from mul-
tiple foreign studies; these estimates also did not 
show large deviation from the effectiveness ver-
sus XBB1.5 viral strain reported in a non-peer-
reviewed study on real-world effectiveness in 
Japan [53]. The duration of each effectiveness 
parameter was set at 6 months, based on the 
cost-effectiveness analysis (CEA) for booster vac-
cination in Japan [21].

Adverse Events

A large real-world study of subjects 65 years and 
above showed that vaccination with a vaccine 
effective against the XBB1.5 viral strain did not 
increase the incidence of major serious adverse 
events (AE) compared to non-vaccination [54]. 
Local or systemic reactions have been reported 
with the XBB 1.5-adapted vaccine, consistent 
with previous insights [55]. However, most 

Fig. 1   Markov cohort model structure. WE waning earlier 
vaccination; WP waning periodic vaccination; WNI wan-
ing of natural immunity; AR attack rate; CE coverage for 
earlier vaccination; CP coverage for periodic vaccination 
(assumed reference value of 50%, higher value of 90% and 

lower value of 10%); EE effectiveness post earlier vaccina-
tion; EP effectiveness post periodic vaccination; EsE effec-
tiveness against severe disease post earlier vaccination; EsP 
effectiveness against severe disease post periodic vaccina-
tion
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Table 1   Main model inputs for the base case

Category Input 
description

5–
11 years

12–
17 years

18–
29 years

30–
59 years

60–
64 years

65–
74 years

 ≥ 75 years Refer-
ences

Effective-
ness 
inputs

Vaccine effec-
tiveness 
(infection/
sympto-
matic/
hospitaliza-
tion) (%)

50/60/70 [27–31]

Vaccine-
induced 
duration 
of protec-
tion against 
infection

6 months [21]

Clinical 
inputs

Annual 
attack rate 
(%)

32.7 30.5 27.2 21.1 11.1 9.1 9.1 [32]

Duration 
of protec-
tion from 
infection-
induced 
immunity

3 months [21]

Hospitaliza-
tion rate 
among 
symp-
tomatic 
patients (%)

0.8 0.6 1.1 1.3 2.9 6.0 22.8 [33]

Among 
hospitalized 
patients:

 General 
ward with 
IMV (%)

0.0 0.0 0.4 4.2 4.2 6.8 6.8 [34]

 ICU without 
IMV (%)

0.10 0.10 1.30 7.2 7.2 10.9 10.9 [34]



2160	 Infect Dis Ther (2024) 13:2155–2177

Table 1   continued

Category Input 
description

5–
11 years

12–
17 years

18–
29 years

30–
59 years

60–
64 years

65–
74 years

 ≥ 75 years Refer-
ences

 ICU with 
IMV (%)

0.0 0.0 0.4 4.2 4.2 6.8 6.8 [34]

Probability 
of COVID-
19-related 
death 
among 
infected 
individuals:

 General 
ward with-
out IMV 
(%)

0.0 0.0 0.0 0.1 0.1 0.7 0.7 [34]

 General 
ward with 
IMV (%)

0.0 0.0 6.7 9.1 9.1 34.8 34.8 [34]

 ICU with-
out IMV 
(%)

0.0 0.0 6.7 9.1 9.1 34.8 34.8 [34]

 ICU with 
IMV (%)

0.0 0.0 6.7 9.1 9.1 34.8 34.8 [34]

 Outpatient 
care set-
ting (%)

0.00 0.00 0.00 0.01 0.08 0.20 1.13 [35]

Probability 
of long 
COVID 
among 
infected 
individuals:

 Patients hav-
ing received 
outpatient 
care (%)

15.5 25.3 34.5 42.8 33.1 32.2 29.9 [36]
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Table 1   continued

Category Input 
description

5–
11 years

12–
17 years

18–
29 years

30–
59 years

60–
64 years

65–
74 years

 ≥ 75 years Refer-
ences

 Patients 
having 
received 
inpatient 
care (%)

35.6 35.6 35.6 46.9 66.7 66.7 66.7 [37]

Share of 
individuals 
at high risk 
within age 
groups

0.1 0.1 0.1 0.4 0.6 0.9 2.3 [38, 39]

Hospitaliza-
tion risk 
ratio for 
individuals 
at high risk

1.83 [40]

Mortality 
risk ratio 
for indi-
viduals at 
high risk

1.78 [40]

Direct 
medi-
cal cost 
inputs

Vaccine 
acquisition 
cost per 
dose ( JPY)

11,600 [41]

Vaccine 
administra-
tion cost 
per dose 
( JPY)

3740 [41]

COVID-19 
test ( JPY)

8500 [42]

Number of 
tests/case 
(asymp-
tomatic/
outpatient/
inpatient/
ICU)

0/1/3/3 Assump-
tion
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Table 1   continued

Category Input 
description

5–
11 years

12–
17 years

18–
29 years

30–
59 years

60–
64 years

65–
74 years

 ≥ 75 years Refer-
ences

GP visit unit 
cost ( JPY)

28,054 [42]

Inpatient 
treatment 
( JPY):

 General 
ward with-
out IMV

562,650 561,632 845,761 937,469 965,039 1,239,964 1,446,865 [43]

 General 
ward with 
IMV

1,449,227 1,449,227 1,449,227 1,449,227 205,148 854,644 1,986,158 [43]

 ICU with-
out IMV

3,534,277 3,534,277 3,534,277 1,857,751 5,259,124 4,079,808 3,788,960 [43]

 ICU with 
IMV

2,263,806 2,263,806 3,870,947 3,870,947 7,413,719 6,364,921 3,768,221 [43]

Long 
COVID 
treatment 
cost ( JPY)

107,725 [25, 42]

Produc-
tivity 
loss 
inputs

Workforce 
participa-
tion rate 
(%)

100.0 Assump-
tion

Labour cost 
per week 
( JPY)

85,025 [44]

Working 
time lost 
(days):

 Outpatient 
care

5.0 [43, 45]

 General 
ward with-
out IMV

21.0 [43, 45]

 General ward 
with IMV

40.0 [43, 45]
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of them are mild or moderate in severity [55] 
and thus have a negligible impact on the local 
economy. For these reasons, this analysis did not 
include treatment costs attributable to AE.

Clinical Inputs

Since the MHLW had ceased the total count of 
all COVID-19 cases as a government policy in 
May 2023 and since then has transitioned to a 
new policy to collect information on COVID-19 
infections from a limited number of designated 
medical institutions, no accurate data on the lat-
est COVID-19 infection rates were available in 
Japan. Therefore, the total number of COVID-
19 cases for 1 year backward from May 2023 
was tabulated to estimate the annual COVID-19 
infection rate [32]. In regard to COVID-19 symp-
tomatic infection rates, hospitalization rates, 
and mortality rates in outpatient settings [33, 
35, 56], because of the lack of relevant evidence 
by age group at the national level, prefectural-
level survey reports were used. The percentages 
of general ward with ventilation, intensive care 
unit (ICU), and ICU with ventilation among hos-
pitalizations by COVID-19 were based on a large 
observational study in Japan [34]. The observa-
tional study focused on the first three epidemic 
waves in Japan through May 2021, which took 
place before the Omicron dominant period. 
Mortality rates during hospitalization were also 

derived from the Japanese observational study 
mentioned above [34]. Long COVID incidence 
rates in outpatient settings were derived based 
on a survey report from Yamanashi prefecture 
[36]. Long COVID incidence rates in inpatient 
settings were derived from Sugiyama et al. 2022 
[37], which was conducted between August 
2020 and March 2021. The duration of immu-
nity from COVID-19 infection was assumed to 
be 3 months as in the previous CEA study in 
Japan [21]. The risk ratios of hospitalization and 
death for patients at high risk in comparison to 
patients without high risk were derived from a 
study conducted during the pre-Omicron domi-
nant period in the state of New York in the USA 
[40], as there were no appropriate data in Japan.

Direct Medical Cost

Because the price of BNT162b2 is not pub-
lished information, we used the average price 
of COVID-19 vaccines in Japan, as estimated in 
a survey by the MHLW and disclosed in a con-
sultation meeting with local municipal authori-
ties preparing for transition of the vaccina-
tion program [41]. The study did not consider 
a potential decline in the vaccine price in the 
future, which was assumed to remain constant 
throughout the time horizon. For the adminis-
tration cost of vaccination, the estimate from 
the MHLW in the aforementioned source was 

Table 1   continued

Category Input 
description

5–
11 years

12–
17 years

18–
29 years

30–
59 years

60–
64 years

65–
74 years

 ≥ 75 years Refer-
ences

 ICU with-
out IMV

40.0 [43, 45]

 ICU with 
IMV

40.0 [43, 45]

 Patients 
with long 
COVID

60.0 [43, 45]

Refer to the supplemental material for additional model inputs not listed in Table 1
COVID-19 Coronavirus disease 2019; GP general physician; ICU intensive care unit; IMV invasive mechanical ventilation; 
JPY Japanese Yen; QALY quality-adjusted life year
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used [41]. The cost per hospitalization was 
estimated using the MDV DPC hospital claims 
database [43]. Hospitalizations between Janu-
ary 2022 and December of the same year with 
COVID-19 as the primary disease were included 
in the estimation. To exclude the influence due 
to outliers, the median rather than the mean of 
hospitalization costs was used as the estimated 
input for the parameter. Outpatient costs, diag-
nostic testing costs, and long COVID treatment 
costs were calculated by identifying relevant 
medical procedures based on the medical fee 
schedule published by the MHLW [42]. For cost 
conversion from JPY to USD, the conversion rate 
of USD 1 = JPY 131.498 published by OECD for 
the year 2022 was used [57].

Productivity Loss

The COVID-19 vaccine not only affects health-
care costs through the prevention of COVID-19 
infections, hospitalizations, and deaths, but also 
prevents absence from work due to infection [14, 
58]. To assess the broad impact of the COVID-19 
vaccine, we adopted a societal perspective and 
considered direct medical costs and productivity 
losses. Since it can be assumed that even when 
people who are not working, such as the elderly, 
are affected by COVID-19, their family mem-
bers or caregivers may be forced to take time off 
from work in order to take care of the affected 
members [59], the labor participation rate was 
assumed to be 100% in this analysis in the same 
manner as the previously published CEA studies 
on vaccination in Japan [21, 59]. Wages per week 
were calculated based on Japanese wage statistics 
published by the Japanese government [44]. The 
number of days of absence for non-hospitalized 
patients was obtained from the MHLW guide-
lines [45], and the number of days of absence 
for hospitalized patients was estimated from the 
MDV DPC hospital database [43].

Outcomes

The current study considered both public 
health and economic outcomes. Public health 
outcomes considered during the analysis were 

the number of COVID-19-related symptomatic 
infections, hospitalizations, and deaths. Eco-
nomic outcomes considered were vaccine-
related costs, non-vaccine-related medical 
costs, productivity loss, and the total cost sum-
ming up those costs. Vaccine-related costs con-
sisted of the administration cost of the vaccine 
in addition to the price of the vaccine itself. 
Non-vaccine-related medical costs included 
diagnostic testing costs, hospitalization costs, 
outpatient costs, and long COVID treatment 
costs.

Model Analysis

Changes in public health and economic out-
comes were evaluated when the vaccination 
rate was varied from a reference value to higher 
and lower values in the vaccine eligible popu-
lation (Fig. 2). Because influenza is the same 
Class B disease as COVID-19 and the target 
population for vaccination is the same, the 
reference value of the vaccination rate was set 
at 50% based on the vaccination rate estimate 
of the periodic influenza vaccination program 
in Japan [60]. The higher value of the vaccina-
tion rate was set at 90%, in light of the vacci-
nation rate reported for the first booster dose 
(third dose) of the COVID-19 vaccines [61]. 
The lower value of the vaccination rate, 10%, 
was obtained by subtracting the absolute value 
of the difference between the reference value 
and the higher value from the reference value.

As the analysis for the base case, we estimated 
each outcome assuming a 50% reference value 
for the vaccination rate for the vaccine eligible 
population in Prefecture X, and then calculated 
the difference versus the outcomes assuming 
90% and 10% vaccination rates. As the sub-
group analysis 1, in order to assess the impact of 
changes in vaccination rates on municipalities 
that are expected to be primarily responsible for 
implementation of vaccination in their jurisdic-
tions, 3 illustrative examples of municipalities in 
Prefecture X with different rates of population 
aging (City A, City B, and City C in the order 
of increasing rates of population aging) were 
chosen as the target population in the analysis. 
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The analysis population and the vaccine eligible 
population for each municipality were defined 
similarly to the base case. Since the population 
size differs by municipality, the rate of change 
(%) in the results was of primary interest. As the 
subgroup analysis 2, we calculated public health 
and economic outcomes by narrowing the 
analysis population to those 65 years of age and 
above who were the primary vaccination target 
population. To assess the impact of vaccinating 
one individual resident, individual-level eco-
nomic outcomes were calculated by estimating 
outcomes when the vaccination rate changed 
from 0 to 100%, and then dividing each cost 
at the population level by the size of the corre-
sponding population 65 years of age and above 
within the analysis population.

Scenario analyses were also conducted based 
on ISPOR’s BIA guideline [62], using multiple 
plausible scenarios to assess the uncertainty of 
the analysis. The key parameters for the sce-
nario analyses were chosen for their potential 
importance in interpreting public health and 
economic outcomes in light of prior studies [21, 
24]. The plausible scenarios incorporate varying 
assumptions about infection rates, vaccine effec-
tiveness, clinical inputs, and productivity losses. 
The list of scenarios considered during the sce-
nario analyses is presented in Supplementary 
Table S5.

For all analyses in the study, the time horizon 
was set to 3 years which was deemed sufficiently 
long enough to account for the impact of immu-
nization through the periodic vaccination. Since 
ISPOR’s BIA guidelines [62] recommended that 
the BIA should present undiscounted costs, the 
0% discount rate was adopted for the analysis.

Ethics Approval

This simulation study did not require human 
subject participation and used publicly avail-
able or anonymized data. Thus, ethics approval 
was not required, and informed consent was not 
applicable.

RESULTS

Base Case Analysis

The base case results are presented in Table 2. 
At the reference vaccination rate of 50%, the 
total number of COVID-19-related symptomatic 
cases, hospitalizations and deaths over 3 years 
were estimated to be 554,435, 15,214 and 1057 
respectively, and vaccine-related cost and non-
vaccine-related medical cost over 3 years were 
estimated at JPY 7.58 billion (USD 57.67 mil-
lion) and JPY 79.22 billion (USD 602.48 mil-
lion) respectively. When the vaccination rate 
increased to 90%, the total number of COVID-
19-related symptomatic cases, hospitalizations 
and deaths decreased by 7219 (1.3%), 1188 
(7.8%) and 115 (10.8%), respectively, in com-
parison to the 50% vaccination rate. Moreover, 
at the 90% vaccination rate, vaccine-related cost 
increased by JPY 6.11 billion (USD 46.46 mil-
lion) (80.6%) and non-vaccine-related medical 
cost decreased by JPY 2.72 billion (USD 20.70 
million) (3.4%) in comparison to the 50% 
vaccination rate. When the vaccination rate 
decreased to 10%, the total number of COVID-
19-related symptomatic cases, hospitalizations 
and deaths increased by 7759 (1.4%), 1275 
(8.4%) and 123 (11.6%), respectively, in com-
parison to the 50% vaccination rate. Moreover, 
at the 10% vaccination rate, vaccine-related cost 
decreased by JPY 6.07 billion (USD 46.17 mil-
lion) (80.1%) and non-vaccine-related medical 
cost increased by JPY 2.92 billion (USD 22.22 
million) (3.7%) in comparison to the 50% vac-
cination rate. The breakdown of the changes 
in non-vaccine-related medical cost in Table 2 
shows that changes in vaccination rates have a 
greater proportional impact on inpatient treat-
ment cost than other components of the non-
vaccine-related medical cost.

Once productivity losses were taken into 
account, the total cost over 3 years at the 50% 
vaccination rate was estimated to be JPY 339.92 
billion (USD 2.59 billion). When the vaccination 



2166	 Infect Dis Ther (2024) 13:2155–2177

rate increased to 90%, the total cost decreased 
by JPY 4.88 billion (USD 37.11 million) (1.4%) 
in comparison to the 50% vaccination rate. 
When the vaccination rate decreased to 10%, 
the total cost increased by JPY 5.73 billion (USD 
43.58 million) (1.7%) in comparison to the 
50% vaccination rate. These results imply that 
increase in the vaccination rate would lead to 
overall decrease in total cost from the societal 
perspective, because of the reduction in non-
vaccine-related medical cost and productivity 
losses caused by COVID-19 that outweigh the 
increased cost of vaccination.

Subgroup Analyses

The results of subgroup analyses are presented 
in Fig. 3, Table 3 as well as Tables S3, S4 in the 

supplementary material. In the subgroup analy-
sis 1 (Fig. 3), the impact of vaccination rates on 
public health and economic outcomes was eval-
uated in 3 illustrative municipalities in Prefec-
ture X. For all key public health and economic 
outcomes, increasing trend in the rate of popula-
tion aging among 3 municipalities corresponds 
to monotonic increase in the absolute value of 
the impact of changes in vaccination rates, sug-
gesting that changes in vaccination rates can 
have a greater impact in municipalities with 
a high rate of population aging. For example, 
increasing the vaccination rate from 50 to 90% 
in Cities A, B, and C in the order of increasing 
rates of population aging, lead to reductions 
in COVID-19-related death of 10.5%, 10.8%, 
and 11.1%, respectively, and to reductions in 
total cost of 1.1%, 1.5%, 1.9%, respectively. Full 
public health and economic outcomes for the 

Fig. 2   Budget impact schematic for the base case. BNT162b2, Pfizer–BioNTech COVID-19 vaccine
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subgroup analysis 1 are presented in Table S3 in 
the supplementary material.

In the subgroup analysis 2 (Table 3), the anal-
ysis population was those aged 65 years and 
above in Prefecture X in order to estimate the 
economic impact for the main target popula-
tion of the annual vaccination program at the 
individual level. Vaccine-related cost for 3 years 
was JPY 42,893 (USD 326.19) per person if an 
individual in the vaccine eligible population was 
vaccinated. On the other hand, non-vaccine-
related medical cost for 3 years was JPY 74,905 
(USD 569.63) per person without vaccination 
and JPY 54,920 (USD 417.65) per person with 
vaccination, leading to a reduction of JPY 19,985 
(USD 151.98) (26.7%). When productivity losses 
were taken into account, the total cost across 
3 years for an unvaccinated individual was esti-
mated to be JPY 314,412 (USD 2,391.00) per 
person. For a vaccinated individual, the total 
cost decreased by JPY 37,817 (USD 287.59) per 
person (12.0%).

At the population level for the subgroup anal-
ysis 2 (Table S4), vaccination rates were varied 
similarly to the base case (the reference value 
of 50%, the higher value of 90% and the lower 
value of 10%). The trends observed for the sub-
group analysis 2 were similar to the base case, 
but with a greater relative magnitude of impact 
than the base case. Full public health and eco-
nomic outcomes for the subgroup analysis 2 
are available in Table S4 in the supplementary 
material.

Scenario Analyses

The results of the scenario analyses based on 
plausible modifications of the input parameters 
of the base case are presented in terms of total 
cost at key vaccination rates in the vaccine eli-
gible population as Table 4. A total of 14 sce-
narios were implemented, and reduction in total 
cost was achieved similarly to the base case by 
increasing the vaccination rate from 50 to 90% 
for all scenarios except one. The exception was 
in regard to the workforce participation rate that 
displayed a trend different from the base case 
analysis. The scenario 14 in Table 4 considered 
the productivity losses from only patients by 

imputing the approximate labor participation 
rates of the Japanese population. The result 
showed that when the productivity impact on 
caregivers was ignored, increase in the vaccina-
tion rate among the vaccine eligible population 
led to an increase in total cost by JPY 1.91 bil-
lion (USD 14.53 million) (0.8%) across 3 years. 
However, the results of all the other 13 scenario 
analyses supported the robustness of the main 
study results by showing that for most reason-
able ranges of key input parameters, results were 
directionally consistent with the findings of the 
base case analysis.

DISCUSSION

The base case analysis showed that increase in 
the vaccination rate led to sizable reduction 
in all public health outcomes of symptomatic 
infections, hospitalizations and deaths due to 
COVID-19. Moreover, the rates of reduction in 
hospitalizations and deaths due to COVID-19 
were greater than that for symptomatic infec-
tions, implying that the result of the analysis 
is consistent with the objective of the Japanese 
government to reduce the number of severe 
COVID-19 cases through vaccination. Regard-
ing economic outcomes, in the base case, on 
one hand, increase in the vaccination rate led 
to increase in vaccine-related cost. On the other 
hand, vaccination-induced decrease in non-
vaccine-related medical cost and productivity 
loss exceeded the increase in vaccine-related 
cost, and as a result, vaccination led to overall 
decrease in total cost.

A close look at the result shows that the rela-
tive impact of productivity loss on total cost 
is large. Many studies on COVID-19 infection 
have reported a number of significant negative 
consequences on daily activities, including labor 
productivity [22, 58, 66, 67], and vaccination 
has been effective in mitigating such impact 
[23, 68, 69]. The scenario analyses have dem-
onstrated robustness of the results, except the 
labor participation rate. However, it has been 
reported that COVID-19 infection has consid-
erable negative impact on family members and 
caregivers of patients including productivity 
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loss due to caregiving [23, 70–72]. Therefore, 
for proper interpretation of the results of the 
scenario analyses, one needs to be mindful of 
the possibility that ignoring impact on family 
members and caregivers may lead to substantial 
underestimation of the societal value of COVID-
19 vaccination.

The subgroup analysis 1 which analyzed the 
case of 3 municipalities with different degrees 

of population aging, found that all public 
health outcomes and total economic outcomes 
improved in all municipalities when the vacci-
nation rate increased. Moreover, the higher the 
degree of population aging in a municipality 
was, the greater the percentages of improvement 
in all outcomes were when the vaccination rate 
increased. The results of this study are compel-
ling in light of the reported finding that the 

Table 2   Base case results of cumulative public health and economic impact of COVID-19 vaccination in Prefecture X 
under different vaccination rates across 3 years

The number of symptomatic cases include those cases involving hospitalizations as well. The target population for vaccina-
tion is individuals ≥ 65 years old and individuals at high risk at the age of 60 to 64 years old in Prefecture X. The time hori-
zon is over 3 years
COVID-19 Coronavirus disease 2019; JPY Japanese Yen

Outcomes 50% vaccination 90% vaccination Difference (90% vs. 
50%)

10% vaccination Difference (10% vs. 
50%)

(A) (B) (B–A) (%) (C) (C–A) (%)

Number of sympto-
matic cases (n)

554,435 547,216 − 7219 (− 1.3%) 562,194 7759 (1.4%)

Number of hospitali-
zations (n)

15,214 14,026 − 1188 (− 7.8%) 16,489 1275 (8.4%)

Number of COVID-
19-related deaths 
(n)

1057 943 − 115 (− 10.8%) 1180 123 (11.6%)

Vaccine-related cost 
( JPY)

7,583,852,237 13,692,677,882 6,108,825,645 
(80.6%)

1,512,122,941 − 6,071,729,296 (− 
80.1%)

Non-vaccine-related 
medical cost ( JPY)

79,224,370,230 76,502,517,184 − 2,721,853,046 (− 
3.4%)

82,146,527,944 2,922,157,715 
(3.7%)

Testing cost ( JPY) 4,971,340,711 4,889,784,168 − 81,556,543 (− 
1.6%)

5,058,965,735 87,625,024 (1.8%)

Inpatient treatment 
cost ( JPY)

21,642,778,946 19,629,490,245 − 2,013,288,701 (− 
9.3%)

23,803,362,294 2,160,583,348 
(10.0%)

Outpatient treat-
ment cost ( JPY)

30,254,716,902 29,916,300,983 − 338,415,919 (− 
1.1%)

30,618,547,994 363,831,091 (1.2%)

Long COVID treat-
ment cost ( JPY)

22,355,533,670 22,066,941,787 − 288,591,882 (− 
1.3%)

22,665,651,921 310,118,251 (1.4%)

Productivity loss 
( JPY)

253,114,483,829 244,847,143,806 − 8,267,340,023 (− 
3.3%)

261,994,530,546 8,880,046,717 
(3.5%)

Total cost ( JPY) 339,922,706,296 335,042,338,872 − 4,880,367,424 (− 
1.4%)

345,653,181,431 5,730,475,135 (1.7%)
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Fig. 3   Differences in cumulative public health and eco-
nomic outcomes of COVID-19 vaccination in 3 munici-
palities in Prefecture X versus the reference vaccination rate 
of 50% across 3  years. The percentage changes in vaccine-

related cost were the same in each of the three cities, and 
they were 80.6% (vaccination rate from 50 to 90%) and 
− 80.1% (vaccination rate from 50 to 10%) respectively

Table 3   Subgroup analysis 2: results of cumulative economic impact of COVID-19 vaccination for all individuals ≥ 65 years 
old in Prefecture X at 0% and 100% vaccination rates at the individual level across 3 years

The target population for vaccination is individuals ≥ 65 years old in Prefecture X. The time horizon is over 3 years
COVID-19 Coronavirus disease 2019; JPY Japanese Yen

Outcomes 0% vaccination 100% vaccination Difference (100% vs. 0%)
(A) (B) (B–A) (%)

Vaccine-related cost ( JPY) 0 42,893 42,893 (NA)

Non-vaccine-related medical cost ( JPY) 74,905 54,920 − 19,985 (− 26.7%)

Testing cost ( JPY) 2442 1844 − 599 (− 24.5%)

Inpatient treatment cost ( JPY) 52,820 38,036 − 14,783 (− 28.0%)

Outpatient treatment cost ( JPY) 10,876 8392 − 2484 (− 22.8%)

Long COVID treatment cost ( JPY) 8766 6648 − 2118 (− 24.2%)

Productivity loss ( JPY) 239,507 178,782 − 60,726 (− 25.4%)
Total cost ( JPY) 314,412 276,594 − 37,817 (− 12.0%)
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Table 4   Results of scenario analyses for cumulative total economic outcomes across 3 years

Outcomes 50% vaccination 90% vaccination Difference (90% vs. 
50%)

10% vaccination Difference (10% vs. 
50%)

(A) (B) (B–A) (%) (C) (C–A) (%)

Base scenario A 
(reference)

339,922,706,296 335,042,338,872 − 4,880,367,424 (− 
1.4%)

345,653,181,431 5,730,475,135 (1.7%)

Vaccine effectiveness (infection/symptomatic/hospitalization)

 40%/50%/50% 
(Scenario 1)

Data from DeCuir 
et al. 2024 and 
Link-Gelles 2024 
[63, 64]

345,171,720,030 343,065,850,289 − 2,105,869,741 (− 
0.6%)

347,927,036,377 2,755,316,347 
(0.8%)

 60%/70%/80% 
(Scenario 2)

Data from Nagano 
et al. 2024 [21]

336,108,056,310 329,379,594,701 − 6,728,461,609 (− 
2.0%)

343,824,609,163 7,716,552,854 
(2.3%)

Vaccine-induced duration of protection against infection

 3 months (Scenario 
3)

350,321,101,430 350,019,141,277 − 301,960,153 (− 
0.1%)

350,680,775,282 359,673,852 (0.1%)

 9 months (Scenario 
4)

331,894,002,698 324,619,594,353 − 7,274,408,345 (− 
2.2%)

341,280,970,842 9,386,968,145 
(2.8%)

Annual attack rate

 30% for all age 
groups (Scenario 
5)

681,047,725,908 651,550,749,037 − 29,496,976,871 
(− 4.3%)

712,804,538,492 31,756,812,584 
(4.7%)

 − 25% (75% of 
the base case) 
(Scenario 6)

253,586,893,599 251,445,137,801 − 2,141,755,798 (− 
0.8%)

256,386,400,919 2,799,507,320 
(1.1%)

  + 25% (125% of 
the base case) 
(Scenario 7)

428,891,222,860 421,281,363,241 − 7,609,859,618 (− 
1.8%)

437,536,197,034 8,644,974,174 
(2.0%)

Hospitalization rate among symptomatic patients

 − 25% (75% of 
the base case) 
(Scenario 8)

323,939,709,049 320,573,021,300 − 3,366,687,750 (− 
1.0%)

328,045,267,126 4,105,558,077 
(1.3%)

  + 25% (125% of 
the base case) 
(Scenario 9)

355,899,390,369 349,506,687,031 − 6,392,703,338 (− 
1.8%)

363,253,224,117 7,353,833,748 
(2.1%)
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older the patient, the higher the rate of severe 
diseases caused by COVID-19 and the greater 
the benefit from the vaccine [73]. In this study, 
municipalities in Prefecture X with relatively 
large differences in population aging rates were 
selected for analysis, in order to examine the 
financial impact of vaccination in regional com-
munities with large differences in population 
aging rates. Population aging rates in Japan’s 
approximately 1,700 municipalities vary widely, 

and the results of this study may be helpful in 
considering optimal vaccination policies in each 
municipality.

The subgroup analysis 2 showed that from 
the societal perspective, vaccinating one person 
over the age of 65 in a local community would 
deliver total cost savings at the individual level. 
Under the NIP, the maximum out-of-pocket pay-
ment for one injection of the COVID-19 vac-
cines is JPY 7,000 (USD 53.23) in 2024 [41]. The 

Table 4   continued

Outcomes 50% vaccination 90% vaccination Difference (90% vs. 
50%)

10% vaccination Difference (10% vs. 
50%)

(A) (B) (B–A) (%) (C) (C–A) (%)

Long COVID incidence rate (outpatient)

 10% for all age 
groups (Scenario 
10)

218,904,656,790 215,098,002,622 − 3,806,654,168 (− 
1.7%)

223,480,688,726 4,576,031,937 
(2.1%)

 30% for all age 
groups (Scenario 
11)

309,117,455,616 304,301,720,870 − 4,815,734,746 (− 
1.6%)

314,778,350,490 5,660,894,875 
(1.8%)

Long COVID incidence rate (inpatient)

 50% for all age 
groups (Scenario 
12)

338,814,169,268 334,099,734,231 − 4,714,435,037 (− 
1.4%)

344,366,559,671 5,552,390,403 
(1.6%)

 70% for all age 
groups (Scenario 
13)

341,359,540,446 336,446,383,987 − 4,913,156,458 (− 
1.4%)

347,125,205,977 5,765,665,531 
(1.7%)

Workforce participation rate
 Consideration of 

productivity loss 
from patients 
only (Scenario 
14)

Data from e-Stat 
(Portal Site of 
Official Statistics 
of Japan) [65]

229,806,254,585 231,717,116,320 1,910,861,735 
(0.8%)

228,243,337,668 − 1,562,916,917 (− 
0.7%)

The number of symptomatic cases include those cases involving hospitalizations as well. The target population for vaccina-
tion is individuals ≥ 65 years old and individuals at high risk at the age of 60 to 64 years old in Prefecture X. The time hori-
zon is over 3 years
COVID-19 Coronavirus disease 2019; JPY Japanese Yen
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out-of-pocket payment after 2025 has not been 
determined, but the 3-year total out-of-pocket 
payment is likely to be JPY 21,000 (USD 159.70) 
or even more. However, since vaccinating one 
person can achieve savings of the non-vaccine-
related medical cost of JPY 19,985 (USD 151.98) 
per person and reduction of productivity loss of 
JPY 60,726 (USD 461.80) per person over 3 years, 
vaccination can result in a positive economic 
impact on the local economy as well as a posi-
tive health impact on individuals.

Some limitations exist in this study and thus 
the results should be interpreted within that 
context. The static simulation model in the 
study may not entirely describe the clinical real-
ity, such as potential seasonal waves of COVID-
19 infections [74]. Due to the static nature of the 
BIA model, it does not capture any herd immu-
nity or population effects, and only considers 
the direct effects of vaccinations [75]. The BIA 
model also does not fully cover the broad eco-
nomic impact of the COVID-19 vaccine, such 
as the reduction in the productivity loss caused 
by COVID-19-related premature deaths [76], and 
the direct impact to mitigate the symptoms of 
long COVID [77]. Those might lead to an under-
estimation of the public health and economic 
impact of the COVID-19 vaccine, implying that 
the results in this study may be still conserva-
tive. Data from the pre-Omicron dominant 
period and from foreign countries were used for 
some parameters including clinical inputs, as 
appropriate data were not available. In addition, 
due to the lack of accurate data on the current 
COVID-19 infection rates in Japan, we used the 
previous year’s COVID-19 incidence data to cal-
culate the annual infection rate, which did not 
necessarily represent the latest COVID-19 infec-
tion trend. To address the uncertainty in these 
parameters, scenario analyses were conducted 
to confirm the robustness of the results. Finally, 
because of the constantly evolving nature of 
COVID-19 viral strains, the results of this study 
should be re-assessed in future situations that 
more appropriately reflect the epidemiological 
characteristics of future outbreaks.

CONCLUSION

The results of this study showed that maintain-
ing a high COVID-19 vaccination rate among 
the vaccine eligible population aged 65 and 
above and aged 60–64 at high risk would lead 
to significant public health benefits and soci-
etal cost savings at the municipal level in Japan. 
These benefits would be more pronounced in 
municipalities with higher rates of population 
aging. The evidence from this study supports the 
consideration of public policy at the municipal 
level to promote annual periodic vaccination as 
a preventive social investment.
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