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Background: To date, it is not fully understood to what extent COVID-19 has burdened society in Japan. This
study aimed to estimate the total disease burden due to COVID-19 in Japan during 2020-2021.

Methods: We stratify disease burden estimates by age group and present it as absolute Quality Adjusted Life
Years (QALYs) lost and QALYs lost per 100,000 persons. The total estimated value of QALYs lost consists of
(1) QALYs lost brought by deaths due to COVID-19, (2) QALYs lost brought by inpatient cases, (3) QALYs lost
COVID-19 brought by outpatient cases, and (4) QALYs lost brought by long-COVID.

Disease burden Results: The total QALYs lost due to COVID-19 was estimated as 286,782 for two years, 114.0 QALYs per
Japan 100,000 population per year. 71.3% of them were explained by the burden derived from deaths. Probabilistic
sensitivity analysis showed that the burden of outpatient cases was the most sensitive factor.
Conclusions: The large part of disease burden due to COVID-19 in Japan from the beginning of 2020 to the
end of 2021 was derived from Wave 3, 4, and 5 and the proportion of QALYs lost due to morbidity in the
total burden increased gradually. The estimated disease burden was smaller than that in other high-income
countries. It will be our future challenge to take other indirect factors into consideration.

© 2023 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health
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Introduction

Coronavirus disease 2019 (COVID-19) caused by the SARS-CoV-2
virus, has become a global health threat since the beginning of 2020
[1-3]. In Japan, it was first detected in early 2020 [4].

This emerging infectious disease became one of the most
pressing concerns for the Japanese general population and the
Ministry of Health, Labour and Welfare (MHLW) Japan in early 2020
and the Prime Minister of Japan declared the state of emergency on
7th April 2020 for seven prefectures including the Tokyo me-
tropolitan area [5-7]. MHLW recommended to avoid Three Cs
(Closed spaces, Crowded places, and Close-contact settings) to pre-
vent COVID-19 transmission [8] and behaviour of the general po-
pulation drastically changed. The number of healthcare facility visits
and the consumption of antimicrobials decreased substantially after
the emergence of COVID-19 in Japan. Previous studies reported that
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the number of outpatient visits decreased by 22% and antimicrobial
use decreased by 21% in 2020 compared with 2019 [9,10]. In short,
the COVID-19 pandemic changed the Japanese.

way of life substantially.

To date, it is not fully understood to what extent this novel
emerging disease has burdened society. A quantification of the ob-
served burden, despite the great efforts that were made to minimise
it, is a first step towards understanding how pandemic management
can be improved.

Compared with other high-income countries (HICs), the cumu-
lative incidence of COVID-19 cases, hospitalisations and deaths has
been comparatively small in Japan, at least until the end of the year
2021[11]. For instance, the United Kingdom reported 952.6 cumu-
lative hospitalizations per 100,000 population [12] and the United
States reported 11,700.6 cumulative hospitalizations per 100,000
population at the end of 2021[13], while Japan reported 1,706.1
cumulative hospitalizations per 100,000 population in the same
period. As for deaths, Japan reported lower rates (14.6 deaths per
100,000 population) compared with the UK and the US (218.1 and
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247.8 deaths per 100,000 population, respectively) and the average
of the world (69.1 deaths per 100,000 population) [14].

In order to learn from the crisis and be better prepared for future
pandemics, we aim to assess the burden caused by COVID-19 in
more detail. We can classify the disease burden directly caused by
COVID-19 into four categories;.

(i) Quality Adjusted Life Year (QALY) losses caused by fatal cases
(ii) QALY losses caused by outpatient cases
(iii) QALY losses caused by mild to severe inpatient cases
(iv) QALY losses caused by long-COVID [15]

Since they can be both interpreted as indicators of pandemic
management, here we aim to document both the cumulative and the
chronological, per-wave, disease burden caused by COVID-19. The
COVID-19 epidemic in Japan was characterised by five waves in 2020
and 2021. We adopted a previously proposed classification of waves
observed in Japan [16], as follows (see also Fig. 2):

(i) First wave (Wave 1), 01/01/2020-05/31/2020;.

(ii) Second wave (Wave 2), 06/01/2020-10/31/2020;.

(iii) Third wave (Wave 3), 11/01/2020-03/31/2021;.

(iv) Fourth wave (Wave 4), 4/1/2021-6/30/2021;.

(v) Fifth wave (Wave 5), 7/1/2021-12/31/2021.

The Japanese government had implemented different non-phar-
maceutical interventions (NPIs) in each period and the guidelines for
clinical management of COVID-19 cases grew gradually, implying the
characteristics of the burden in each wave are expected to be dif-
ferent.

The main objective of this study is to assess the disease burden
caused by COVID-19 in Japan between the beginning of 2020 and the
end of 2021 in order to enable comparisons over time, with other
diseases and with other countries.

Methods
Settings

We constructed a progression pathway model of COVID-19 in-
fection (Fig. 1), in which two types of infection; symptomatic and
asymptomatic, and three degrees of severity were defined; out-
patient cases, inpatient cases (mild), and inpatient cases (severe).
The definition of “severe” inpatient cases varied by prefecture be-
cause each prefecture defined the severity of inpatient COVID-19
cases by its own criteria. A large part of prefectures defined “severe”
cases as patients admitted to an intensive care unit (ICU) or patients
requiring mechanical ventilation. Additionally, we assumed that any
type of symptomatic infection could lead to long-COVID [17-19]. In
line with previous studies [17,20], we defined long-COVID patients as
presenting with COVID-19 symptoms for longer than four weeks
from symptom onset. Outpatient cases were defined based on the
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cases reported to MHLW. Physicians and hospitals were required to
report any case diagnosed as COVID-19 to local authorities and local
authorities had to report the number of cases to MHLW. The out-
patient cases we obtained from MHLW were basically patients with
a definite diagnosis of COVID-19 that were not and did not need to
be admitted to any healthcare facility. The numbers of both mild and
severe inpatient cases were also extracted from MHLW reports. In-
patient cases include both hospitalised patients and patients who
should have been, but could not be admitted, due to healthcare ca-
pacity and other reasons. These patients have convalesced in isola-
tion, most often receiving on-site treatment in their own home. The
final stage of each infected case was “Death” or “Recovery”. We as-
sumed that all symptomatic infections (both outpatient and in-
patient cases), including long-COVID episodes, and deaths
contributed to the disease burden, whereas asymptomatic infections
did not. The latter assumption is justified based on the fact that our
study estimates disease burden observed over the past two years,
does not apply a model to make forward projections, and estimates
long-COVID cases by applying earlier derived proportions, which are
defined relative to symptomatic cases.

We estimated the disease burden due to COVID-19 in Japan for
the period from the beginning of 2020 to the end of 2021 because
the first case of COVID-19 in Japan was detected on 15th January
2020 [4], and by the end of 2021 80.4% of the population had re-
ceived their primary course of COVID-19 vaccination. Additionally,
the less severe Omicron variant of concern (VOC), became dominant
early in 2022, and its clinical, detection and epidemiological char-
acteristics were quite different from other strains.

Data sources

We used open data sources for the daily number of confirmed
cases and deaths|21|. Demographic data were sourced from official
statistics [22]. Disutility of each health status was presented as
QALYs lost per episode and defined according to values from the
literature [20,23,24]. For instance, if a person got COVID-19 but was
not admitted to any hospital and did not present long-COVID
symptoms (i.e., just an outpatient case), his or her QALY loss was
assumed to have a distribution with median 0.033 (see Table 1). We
calculated the proportion of acute symptomatic COVID-19 cases that
gives rise to long-COVID using the pooled data derived from meta-
analyses [25,26]. As a result, we estimated it 16.6% in adults and 3.9%
in children. An overview of these parameters is shown in Table 1.

Estimation of disease burden

We stratify the disease burden estimates by age group and pre-
sent it as absolute QALYs lost [27,28] and QALYs lost per 100,000
persons. QALYs lost due to premature mortality were calculated as
the remaining life expectancy at the time of death per fatal case, i.e.,

Outpatient cases

Inpatient cases
(mild)

Death

Symptomatic
infection

Inpatient cases
(severe)

Asymptomatic

Recovery

Post-COVID

infection

condition

Fig. 1. Progression pathway diagram of COVID-19 infection.
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Table 1
Details of parameters included in the model.
Parameters (sample size) Value Distribution Reference
Disutility (QALYs lost) per person Median [IQR]
Outpatient case (n=138) 0.033 [0.017-0.059] Lognormal [23]
(mean = -5.187, SD = 0.034)
Inpatient case (n=405) 0.439 [0.420-0.457] Normal [24]
(mean = 0.439, SD = 0.027)
Long-COVID 0.013 [0.007-0.029] Lognormal [20]
(mean = -4.209, SD = 2.597)
Proportion with long-COVID
In adults (n=3,288) 0.166 Binomial [25]
In children 0.039 Binomial [26]

(under 20, n=580,467)

IQR: interquartile range

the number of life years lost (LYL). We used nine age groups, in ac-
cordance with available COVID-19 mortality statistics: < 10 years,
10-19 years, 20-29 years, 30-39 years, 40-49 years, 50-59 years,
60-69 years, 70-79 years, 80-89 years, and > 90 years, and assumed
deaths reported within a given age group occurred at the mid-point
of the age interval, in line with previous studies [29,30]. Since there
is no information about the age of each fatal case and only the
number of deaths in each age group was available, we used the mid-
point of the age interval as the mean age of fatal cases in each age
group to estimate the disease burden at population level. For in-
stance, we assume that the mean age of fatal cases in 60-69 years
was 64.5 years.

QALYs lost due to inpatient cases were calculated by multiplying
the total number of mild/severe inpatient cases with the disutility
per COVID-19 inpatient case. Similarly, QALYs lost due to outpatient
and long-COVID cases were calculated by multiplying the total
number of outpatient and long-COVID cases with the respective
disutilities per case (see Table 1).

The total disease burden of COVID-19 was expressed as the sum
of the above, i.e., the QALYs lost due to disease in inpatient cases,
outpatient cases and due to premature deaths.

Two-sided p values of < 0.05 were considered to show statistical
significance. All analyses were conducted by R, version 4.1.3 [31].

Sensitivity analysis

We conducted probabilistic sensitivity analysis to acknowledge
uncertainty and examine the robustness of our results. We ran 1,000
simulations of the disease burden estimation with different sets of
parameter values derived from the defined ranges and distributions.
The range of each parameter, distribution, and the references we
used to determine it are available in Table 1. We considered one year
of life lost as one quality-unadjusted LYL in the main analysis. In
sensitivity analysis, we estimated the quality-adjusted LYL according
to the method described by Briggs et al. [32], using the population
norm for health-related quality of life of Japan, as reported by
Shiroiwa et al. [33].

Assessment of the influence of variables

To assess which variable in the model has larger impact in our
model, the influence of each parameter on the total disease burden
was evaluated by a linear regression analysis, with 1000 simulation
results as an independent variable and 1000 parameter sets (i.e.,
“disutility of outpatient case”, “disutility of long COVID”, “disutility
of inpatient case”, “proportion of Long COVID in adults”, and “pro-
portion of Long COVID in children”) as dependent variables.
Multicollinearity of variables was evaluated by variance inflation
factor (VIF) and VIF > 3 was regarded as significant multicollinearity.
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Ethics approval

All data used in this study are publicly available. As such, the
datasets used in our study were de-identified and fully anonymized.
Therefore, this study did not require specific ethical approval.

Results

In total, 1,728,228 COVID-19 cases were confirmed in Japan from
the beginning of 2020 to the end of 2021. Among them, 232,495
cases were observed in 2020 and 1,495,733 cases in 2021. A rela-
tively small number of cases was observed in Waves 1 and 2 (99,959
cases and 1,765 deaths) in Japan, and more than half of the total
cases between 2020 and 2021 were observed in Wave 5 (931,393
cases), although the number of deaths in Wave 5 was comparatively
small (3,762 deaths). Similarly, the maximum number of cases re-
quiring hospitalization or any other medical care at their home or
any accommodations in Wave 1 was 6,250, while in Wave 5 it was
231,596. Fig. 2 shows the epidemic curve of confirmed cases and
number of cases requiring hospitalization or any other medical care
at their home or any accommodations from 2020 to 2021. When the
life years lost were adjusted by the age-specific population norm for
health-related quality of life (as shown in the Supplementary file),
the interpretation of these results did not change.

More than a half of total cases were observed in Wave 5 (931,393
cases). The Delta variant of concern (VOC) was dominant in this
period[34,35], as it outcompeted the less transmissible Alpha VOC in
July 2021.
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Fig. 2. Daily number of confirmed COVID-19 cases and hospitalisations. Wave 1;
01/01/2020-05/31/2020, Wave 2; 06/01/2020-10/31/2020, Wave 3; 11/01/2020-03/
31/2021, Wave 4; 4/1/2021-6/30/2021, Wave 5; 7/1/2021-12/31/2021. Bars represent
the daily number of confirmed cases. The black line represents the number of cases
requiring hospitalization. Vertical lines represent the delimitation of five epidemic
waves.
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Table 2
Breakdown of QALYs lost population in each epidemic wave.
Outpatient Inpatient Severe  Death Long-COVID  Total
Wave 1 550 88.4 5.8 10,054 30.6 10,729
(0.4) (0.07) (0.005) (8.0) (0.02) (8.5)
Wave 2 2,748 1,047 26.6 9,494 173 13,489
(2.2) (0.8) (0.02) (7.5) (0.1) (10.7)
Wave 3 12,289 4,899 1 65302 741 83,342
(9.8) (3.9) (0.1) (51.9) (0.6) (66.2)
Wave 4 10,707 4,737 m 42,310 619 58,484
(8.5) (3.8) (0.1) (336) (0.5) (46.5)
Wave 5 30,736 11,289 168 77145 1,691 121,030
(24.4) (9.0) (0.1) (61.3) (1.3) (96.2)

Unit: QALYs lost. Numbers represent the total QALYs lost and those in brackets re-
present QALYs lost per 100,000.

The number of fatal cases was 3,095 in 2020 and 14,520 in 2021.
The case- fatality ratio (CFR) was 0.013 in 2020 and 0.0097 in 2021,
respectively. The estimated average age of fatal cases was 80.2 (Wave
1 and 2), 82.3 (Wave 3), 81.5 (Wave 4), and 75.8 (Wave 5) years.

Total QALYs lost due to COVID-19 were estimated as 286,781 over
two years, or an average of 114.0 QALYs per 100,000 population per
year. The observed disease burden differed substantially between
waves: from 8.5 QALYs per 100,000 population in Wave 1, up to 96.2
QALYs per 100,000 population in Wave 5. Table 2 shows the disease
burden of each epidemic wave. Fig. 3 shows the evolution of QALYs
lost per 100,000 population in the total population and by broad age
group (under 40, 40-69, and over 69) over the waves. The disease
burden in younger age groups gradually increased during the study
period with 36.4%, 47.6%, 36.6%, 45.0% and 68.2% of the QALYs lost
occurring in the age groups younger than 70 in Waves 1 through 5,
respectively. When life years lost are adjusted for quality these
percentages become38.7%, 50.7%, 39.6%, 48.3%, and 70.7%, respec-
tively.

More than 70% of QALYs were lost due to premature mortality
(204,437.2 out of 286,781.7, 71.3%), while nearly 20% were lost due to
morbidity in outpatient cases (57,031.5 QALYs lost, 19.9%), and only a
small part of the burden came from morbidity in severe cases (422.5
QALYs lost, 0.1%). Long-COVID accounts for 3.4% of the total disease
burden (9,791.7 QALYs lost). Fig. 4 shows the breakdown of disease
burden attributed to each clinical status.

Probabilistic sensitivity analysis showed the disease burden di-
rectly due to COVID-19 ranged between 226,883 and 512,236
(median 242,834, IQR 236,108 to 254,488) QALYs, or between 90.1
and 203.6 (median 96.5, IQR 93.8-101.1) QALYs per 100,000 popu-
lation. The disutility per outpatient case was the most influential
parameter for the estimated QALY losses due to morbidity, whereas
the disutility per long-COVID patient was the second most influen-
tial. Fig. 5 shows the influence of these and the other input para-
meters by their coefficient in a linear regression analysis using 1,000
input parameter sets and 1,000 associated QALY estimates. Clearly,
accurate estimates for the disutilities per outpatient and per long-
COVID patient are important to estimate the burden of disease from
COVID-19.

Discussion

To the best of our knowledge, this is the first study which esti-
mated the disease burden directly due to COVID-19 in Japan in the
first two years of the pandemic. The disease burden brought by this
emerging infectious disease during the first two years was smaller
than in most other high-income countries (HICs). For instance,
McDonald et al. reported that the total disease burden per-capita in
the Netherlands in 2020 due to COVID-19 was 1,640 Disability-ad-
justed life-years (DALYs) per 100,000 population [36]. This number
is more than ten times higher than that of our study. Other countries,
e.g., Scotland and Malta, also reported similar size of burden in 2020
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[37,38]. Germany and Denmark reported smaller burden, however,
the results were still much larger than ours (368 and 520 DALYs/
100,000, respectively) [39,40].

An obvious difference between previous studies and ours is that
we used QALYs instead of DALYs to express burden of disease. Many
guidelines advocate the use of a combined measure of morbidity and
mortality as preferred outcome in economic evaluation, and the
majority of country-specific guidelines, including those for Japan,
prescribe the use of QALYs [41], although some influential generic
guidelines such as the The International Decision Support Initiative
(iDSI) [42] and the 2019 WHO guide for economic evaluation of
vaccinations [43] indicate that the choice between these outcome
measures may depend on the analyst’s preference and of the specific
intervention under study. QALYs were used in our study to include
the disease burden attributable to long-COVID based on a previous
observational Japanese study using the EQ-5D-3L questionnaire
[20]. Although this choice may limit the comparability with studies
using DALYs as an outcome, it allows us to attain our primary ob-
jective, i.e., assessing the disease burden by clinical manifestation,
wave and age group, and have a basis to start from to assess the
QALY impact of interventions (as one would for economic evalua-
tion). Furthermore, DALYs were conceived in a very similar manner
as QALYs, and applied studies using both measures have reported
relatively small differences [27].

As for the total disease burden, this could be simply attributed to
the relatively small number of confirmed cases and deaths per po-
pulation in Japan [11]. Mortality of COVID-19 cases was smaller in
Japan than in most other HICs during the study period [21,44-46].
With regard to the number of deaths, the total number of all-cause
excess deaths from the beginning of 2020 to the end of 2021 was
estimated at between 11,014 and 58,905, while all-cause exiguous
deaths in the same period was between 9,069 and 45,185 [47].
Considering these numbers included the influence of diseases other
than COVID-19, the number of indirect deaths due to COVID-19
might not change the total burden estimates substantially. One can
speculate about the reasons why the COVID-19 case and death toll
tended to be lower in Japan than in many other HICs. Basically,
people who presented fever or any symptoms suspicious of COVID-
19 were required to visit one of the designated medical facilities and
physicians who diagnosed COVID-19 had to report all COVID-19
cases they diagnosed, implying the potential risk of underestimating
the number of cases was low. The cumulative number of COVID-19
cases in Japan increased most steeply after the emergence of the
Omicron VOC, and the proportion of the Japanese population with
non-vaccine induced immunity against COVID-19 remained low,
even in 2021 [48]. Urashima et al. investigated the reason of low
excess mortality due to COVID-19 in Japan, and reported that three
factors were strongly associated with low excess mortality [49]. The
percentage of fully vaccinated people, gross domestic product (GDP)
per capita, and life expectancy at age 60 years. Japan is one of few
countries which showed high vaccine coverage, high GDP, and long
life-expectancy at age 60 years. It is sure that Japan has experienced
an extremely aging society, however at the same time, it means that
elder people in Japan live healthier life than those in other countries.
It is noteworthy that Urashima et al. could not control for social
contact pattern differences and differences in voluntary behavioural
change and adherence to non-pharmaceutical interventions, which
may all have age-specific influences on the exposure of the elderly
part of the population to viral pathogens. Nevertheless, these factors
pointed out by them might contribute to mitigate the disease burden
due to COVID-19.

Considering the breakdown of QALYs lost, the part of the burden
attributable to fatal cases was smaller than that in previous studies.
Although only 71.3% of QALYs lost was attributed to fatal cases in our
study, more than 90% of the total burden was attributed to LYL in
previous studies in other countries [36-40]. It may be partly
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explained by some studies not including the burden of long-COVID.
Furthermore, we have used a simplified approach by counting each
lost life year as one, implying that each of these life years was as-
sumed to be lived in perfect health. We also made estimates ac-
counting for a quality adjustment in the life years gained, and as
expected, this leads to lower estimates of the QALYs lost due to
premature mortality.

The probabilistic sensitivity analysis acknowledges parametric
uncertainty and indicates a relatively wide range for the total disease
burden. This might be attributed to uncertainty in the estimation of
the burden of outpatient cases and long-COVID because we defined
the range of disease burden caused by these two statuses according
to empirical data in our previous studies [20,23], then small sample
sizes affected their uncertainty. Additionally, it would also be due to
the fact that there is no single established definition of long-COVID.
Tsuzuki et al. defined long-COVID as four weeks or longer duration of
symptoms after diagnosis of COVID-19 [20], however, WHO defines
post COVID-19 condition as the status “usually 3 months from the
onset of COVID-19 with symptoms and that last for at least 2 months
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and cannot be explained by an alternative diagnosis” [50]. With
changing definitions, the proportion of symptomatic cases incurring
long-COVID varies significantly. In addition, disutility of each long-
COVID case varies substantially by study [51-53] which will bring
further uncertainty.

There are several limitations in this study, similar to the previous
studies. First, our results did not consider how many cases were
unreported. As described above, all diagnosed COVID-19 cases in-
cluding asymptomatic ones had to be reported in Japan, nevertheless
some level of underreporting seems inevitable. For instance,
McKenzie et al. insisted that there might be 1.77 times higher
number of cases than reported during the same period (from the
beginning of 2020 to the end of 2021) [54]. It is difficult for us to
estimate the precise cumulative incidence of COVID-19 because we
have very little evidence on the seroprevalence of SARS-CoV-2 in
Japan [48,54]. However, most of such unreported cases were ex-
pected to be “asymptomatic” because they had to be reported if they
presented any suspicious symptoms. Since our objective is to assess
the disease burden directly attributable due to COVID-19, we can
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Fig. 5. Linear regression coefficient of each parameter included in the probabil-
istic sensitivity analysis. X axis represents coefficient value of each parameter.

ignore such cases, although they may have given rise to anxiety,
especially in 2020, and have an impact on mental wellbeing in both
the infected person and their direct contacts in and outside the
household.

Second, we did not take the burden to the healthcare systems
into consideration. Japanese government decided to admit all the
patients diagnosed with COVID-19 regardless of its severity in the
early phase of the pandemic [5]. As a result, a large number of ter-
tiary hospitals could not offer normal healthcare due to high burden
of the management of COVID-19 cases. This would have brought
additional burden to society as previous studies reported [55,56].
Nevertheless, we believe that this additional burden to the health-
care system did not contribute to increase the total disease burden,
because excess mortality attributable to the causes other than
COVID-19 was smaller than before during the study period [47], and
no large catch-up effect due to postponed care has been detected in
mortality statistics to date. In addition, there was only a very small
number of cases in Japan in the early phase of COVID-19 pandemic.
At this stage, there was a possible overestimation of the disease
burden because some mild cases were admitted to tertiary hospitals
without individual clinical reason. However, its impact should be
very small because the number of cases were also very small com-
pared with later periods. Furthermore, even if health disutility
caused by such admissions were small, productivity losses were
present as well as potential mental distress because the patients had
to stay at healthcare facilities and they could not live their usual life.
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In addition, as in any country, there might exist regional differences
in the accessibility to healthcare resources in Japan, which could
affect the reported number of inpatient cases and consequently the
estimated burden associated with inpatient cases. Considering these
factors, biases caused by the healthcare policy in the early phase of
the pandemic is likely to have had only a small impact on the main
results.

Third, we did not evaluate counter-factual scenarios, and there-
fore do not attempt to estimate the impact of pharmaceutical and
non-pharmaceutical interventions (PIs and NPIs). As for PIs, we did
not take the benefit of vaccination into consideration, although
mRNA vaccines obviously reduced the observed burden of COVID-19
in 2021 [57-59]. The data presented here could be used as a baseline
to study counterfactual scenarios in future studies. The Japanese
government had implemented a “state of emergency” declaration as
a kind of NPI, recommending to avoid social contacts, with the aim
to avoid lockdown, like in other countries [60]. Such NPIs might
contribute to decrease the number of COVID-19 cases, but may cause
mental ill-health due to reduced social contacts as well as restrict
economic activities (e.g., dine outside, go travel, and so forth). In
other words, NPIs can mitigate the disease burden in exchange for
economic and potentially also higher mental health burden. We have
scarce evidence about both the economic and mental health aspects
of these non-pharmaceutical countermeasures so far and a coun-
terfactual scenario about the burden of disease and these economic
and mental health impacts in case we had not implemented such
NPIs. Although it seems clear that the total disease burden due to
COVID-19 in Japan was relatively smaller than in most other HICs,
the impact of these aspects of NPIs remains a topic on research, as it
is in many other countries.

Fourth, we did not distinguish between primary and secondary
infections in unvaccinated persons and breakthrough infections in
vaccinated persons. The cases reported in 2021, included break-
through infections, but we lacked the information to specify these
cases. Al-Aly et al. showed that the risk of death and post-acute
sequelae were higher in unvaccinated cases than breakthrough in-
fections [61], and the total burden might become slightly smaller if
we consider the impact of breakthrough infection. Nevertheless, the
number of breakthrough infection can be considered smaller than
the normal ones, then its impact also should be a small one.

Fifth, in line with all other studies known to us, we exclude other
indirect aspects of the disease burden such as that caused by isola-
tion, imposed on patients’ family members, and so forth, because the
number of isolated persons and the number of patients’ household
members are not well documented. Although our previous studies
had estimated the per-patient impact of these aspects [23,62], future
work will attempt to combine these results with the estimated
number of isolated people and household members of infected cases
as part of a more general assessment of the indirect burden.

Last, we did not include the year 2022 in our analysis. Due to the
rapid spread of the Omicron VOC, the number of COVID-19 patients
in Japan in 2022 was far higher than in the previous two years. Its
population-level disease burden is therefore also likely to have in-
creased in 2022. Additional analyses using also 2022 data are es-
sential to undertake in the near future.

Conclusions

This study aimed to estimate the disease burden due to COVID-19
in Japan from the beginning of 2020 to the end of 2021, by using
QALYs lost as outcome measure. To our knowledge, the present
study is the first report from Japan which tried to estimate the
disease burden caused by this emerging infectious disease in a
quantitative manner.

Most of the disease burden in Japan during the study period was
incurred in 2021 during waves 3, 4, and 5. The proportion of the total
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burden due to non-fatal disease increased gradually and this was
probably due to the lower mortality by COVID-19 in the latter half of
the study period, especially in the elderly. It also shows that younger
people contributed more to the disease burden as SARS-CoV-2 cir-
culated more in the general population from 2021 onwards. The
estimated disease burden in Japan was smaller than in most other
HICs and this can be attributed to the small number of confirmed
cases in Japan.

Our results may contribute to make more precise estimation of
the disease burden due to COVID-19 and this would be useful when
considering the trade-offs between specific economic and mental
health burden impacts of countermeasures against COVID-19 and
their benefit for overall population health and overall economic
activity. Future research may further explore the underlying reasons
for the lower cumulative incidence of COVID-19 cases in Japan, while
taking contextual factors into consideration, thus contributing to
more optimally designed countermeasures against future pan-
demics.
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