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Abstract

Introduction

The COVID-19 pandemic caused by SARS-CoV-2 has now affected tens of millions of peo-

ple globally. It is the hope that vaccines against SARS-CoV-2 will deliver a comprehensive

solution to this global pandemic; however, this will require extensive national vaccination

programs. Ultimately, clinical conditions and even sudden unexplained death will occur

around the time of vaccination, thus a distinction needs to be made between events that are

causally related to the vaccine or temporally related to vaccination. This study aimed to esti-

mate the background occurrence of 43 clinical conditions in the Japanese population.

Methods

A retrospective cohort study was conducted from 2013 to 2019 using data from two large

healthcare claims databases (MDV and JMDC) in Japan. The estimated number of new

cases and incidence were calculated based on the actual number of new cases identified in

the databases. The PubMed and Ichushi-web databases, as well as grey literature such as

guidelines and government statistics, were also searched to identify any publications related

to incidence of these conditions in Japan.

Results and conclusion

The estimates of the number of total cases and incidence were similar for the MDV and

JMDC databases for some diseases. In addition, some estimates were similar to those in

the scientific literature. For example, from the MDV and JMDC databases, estimates of inci-

dence of confirmed Bell’s palsy in 2019 were 41.7 and 47.9 cases per 100,000 population

per year, respectively. These estimates were of the same order from the scientific
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publication. Determining whether clinical conditions occurring around the time of vaccination

are causally or only temporally related to vaccination will be critical for public health decision

makers as well as for the general public. Comparison of background occurrence at the pop-

ulation level may provide some additional objective evidence for the evaluation of temporal-

ity or causality.

Introduction

Coronavirus disease 2019 (Covid-19) caused by the SARS-CoV-2 virus has now affected tens

of millions of people globally. In December 2019, the first clinical case was reported in Wuhan,

China. On 11 March 2020 the WHO declared a pandemic [1]. At the time of writing, the

WHO estimates that over 181 million cases have been confirmed and over 3 million deaths

have occurred globally [2]. The enormous morbidity and mortality due to COVID-19 has

severely strained the healthcare resources of affected countries, deeply affected the social well-

being of their citizens and devastated their economies. The repeated attempts at controlling

the spread of SARS-CoV-2 through social distancing, frequent hand washing and mask wear-

ing coupled with case identification, quarantining and population “lockdown” measures have

been unsuccessful in completely halting the spread of the disease. It is the hope therefore that

vaccines against SARS-CoV-2 will be the public health measure that delivers a comprehensive

solution to this global pandemic.

It is expected however that vaccination programs against SARS-CoV-2 will require high

vaccination coverage to protect the most vulnerable individuals and to provide, if transmission

can be interrupted through vaccination, “herd protection” that will halt further spread of this

virus [3, 4]. Attaining such high vaccination coverage in the population in as short a time as

possible will require unprecedented mobilization of healthcare resources to deliver available

vaccines and unwavering population willingness to accept the safety profile and personal and

public health value of vaccination.

Local and systemic adverse reactions are associated with all vaccines in use today. However,

the benefit of vaccination far outweighs the impact of these adverse reactions and this is gener-

ally well accepted by society [5]. However, in the context of extensive national vaccination pro-

grams that will include many millions of individuals, there is a certainty that severe clinical

conditions and even sudden unexplained death not causally related to vaccination but only

temporally related to it will occur [6]. These events have a clear risk of damaging trust in the

vaccination program, reinforcing vaccination hesitancy and reducing the likelihood of attain-

ing the high vaccination coverage needed to combat this global pandemic [4]. Even though

evaluations of new vaccines are conducted with well-designed randomized control trials, these

may not be able to identify very rare adverse events. The purpose of this study is to collate data

on the occurrence of selected clinical conditions in Japan which may be observed to have a

temporal relationship with vaccination against COVID-19. Each occurrence of a clinical con-

dition deemed to be potentially causally related to vaccination needs to be investigated thor-

oughly within the obligatory Post Marketing Surveillance (PMS) system that has been

implemented in collaboration with the Ministry of Health, Labour and Welfare and the Regu-

latory Authorities in Japan [7]. The purpose of this study is not to replace this PMS but to pro-

vide some evidence that outside of the vaccination program against COVID-19 these clinical

conditions and sudden unexplained deaths do occur, giving the authorities the opportunity
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and time to thoroughly and appropriately investigate the possibility of a causal relationship

with vaccination.

To our knowledge, this study is the first of its kind in Japan to evaluate the occurrence of 43

selected clinical conditions prior to the start of an extensive national vaccination program. It

builds on the precedent set by other studies of a similar nature. The study by Black et al. (2009)

estimated the background rates of disease for the assessment of vaccine safety during mass vac-

cination programs against pandemic H1N1 influenza. The authors concluded that awareness

of the background rates of possible adverse events would be a crucial part of assessment of pos-

sible vaccine safety concerns and would help to separate legitimate safety concerns from events

that are temporally associated with, but not caused by, vaccination [8]. Similarly following the

H1N1 vaccination program in China, Wang et al. (2013) estimated the background occurrence

of clinical events in China during the H1N1 influenza pandemic vaccination program and

concluded that even for rare concurrent events, a large number of events can be expected in a

short period because of the large population targeted for vaccination [9]. Since the H1N1 pan-

demic is the most recent public health event of its kind before the present SARS-CoV-2 pan-

demic, we used the studies by Black S et al. and Wang Y et al. to inform the need for and the

design of this study. Our study sought to estimate the number of new cases for 43 clinical con-

ditions which occurred in Japan between 2015–2019 using two different large-scale Japanese

healthcare claims databases and to validate these findings with data from publications in peer-

reviewed journals and other appropriate sources.

Methods

Study design

This retrospective database study was conducted from 1 January 2013 to 31 December 2019

using two large-scale healthcare claims databases, the Japan Medical Data Center (JMDC) and

the Medical Data Vision Co. Ltd. (MDV). According to the joint guidelines (latest revision 23

March 2021) of MEXT (Ministry of Education, Culture, Sports, Science and Technology),

MHLW (Ministry of Health, Labour and Welfare) and METI (Ministry of Economy, Trade

and Industry), the current study does not require any ethics committee approval because the

data derived from the MDV and JMDC databases used in the study only include anonymized

de-identified/de-linked information. In this study, 43 different clinical conditions which are

defined by the 10th revision of the International Statistical Classification of Diseases and

Related Health Problems (ICD-10) codes were selected based on (1) WHO publications, (2)

the studies conducted by Black et al. and Wang Y et al. [8, 9], and (3) clinical importance and

frequency advised by medical experts. A detailed list of all 43 conditions and their specific

ICD-10 codes are shown in Table 1.

Data sources

Two major healthcare claim databases in Japan, JMDC and MDV, were used for this study.

The JMDC database contains claims data of inpatients and outpatients from the Japanese

union-managed health insurance system, comprising 10 health insurance societies with a pres-

ent dataset of 7.3 million individuals as of April 2020 [10]. The JMDC database includes work-

ers mostly aged< 65 years employed by mid- to large-sized companies and their dependents,

and excludes individuals aged� 75 years.

The MDV database contains health insurance claims for inpatients and outpatients primar-

ily from Diagnosis Procedure Combination (DPC) hospitals [11]. DPC is the claims-based

payment system used by larger hospitals in Japan. The number of DPC hospitals providing

data to the MDV database has increased over the years since its inception. This increase in
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Table 1. ICD-10 codes used to identify clinical condition outcomes.

Clinical condition outcome ICD-10 codes

Acute Disseminated Encephalomyelitis G040

Acute Transverse Myelitis G37 or G373

Amyotrophic Lateral Sclerosis G122

Anaphylaxis / Shock T782, T805, T886

Any Death / Sudden Unexplained

Death

R95, R96, R98, R99

Ataxia R270, R278

Bell’s Palsy G510

Brachial Neuritis G540

Hereditary Ataxia G11

Degenerative disease of nervous system,

unspecified

G319

Chronic Fatigue Syndrome G933

Chronic Inflammatory Disseminated

Polyneuropathy

G618

Chronic Urticaria L508

Complex Regional Pain Syndrome M8900, G564

Deltoid Bursitis M755

Drug-induced Interstitial Pneumonia J702, J704

Encephalitis A170, A178, A321, A398, A504, A521, A811, A830, A831, A832, A833,

A834, A835, A840, A841, A849, A850, A851, A852, A858, A86, A872,

A922, B004, B011, B020, B050, B060, B258, B262, B569, B574, B582, B602,

B608, B832, B941, C809, F071, G040, G048, G049, G09, G213, G361,

G370, G405, G610, M321

Encephalopathy A080, A081, A810, A812, B082, B220, B348, E063, E161, E512, E52, E569,

E725, E752, E870, F011, F058, F069, F072, F078, F107, G312, G318, G319,

G404, G408, G459, G92, G931, G934, G938, I672, I673, I674, I678, J118,

K729, K868, N185, O211, P112, P916, Q000, Q041, Q042, Q043, Q045,

Q046, Q878, T58

Erythema Nodosum L52

Guillain-Barré Syndrome G610

Hepatitis (Autoimmune) K754

Hypercoagulable States (Autoimmune) D686

Hypersensitivity Pneumonitis J679

Allergic Purpura D690

Idiopathic Thrombocytopenic Purpura D693

Interstitial Pneumonia J841, J849

Juvenile Idiopathic Arthritis M08

Meningitis A010, A022, A170, A203, A228, A279, A321, A390, A504, A514, A521,

A548, A692, A809, A870, A871, A872, A879, B003, B010, B021, B051,

B060, B261, B279, B375, B384, B451, B49, B569, B574, B602, B832, B900,

C793, G000, G001, G002, G003, G008, G009, G030, G031, G032, G039,

G042, G049, G09, M321, T798, T814

Multiple Sclerosis G35

Myocardial Infarction I21

Myocarditis I408, I409, I514

Neuromyelitis Optica G360

Optic Neuritis H46

Overlapping (Encephalitis/Meningitis) A170, A321, A504, A521, A872, B060, B569, B574, B602, B832, G049,

G09, M321

Polyarteritis Nodosa M300, M308

(Continued)
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participation was taken into consideration in the extrapolation of the data from the MDV

database to all of Japan. The number of DPC hospitals in Japan and the number providing

data to the MDV database in each period in this study are included in Table 2. Each hospital

had to be including data in the database for at least 2 years for its data to be included in the

evaluation of the occurrence of clinical conditions. The rationale for this is described in the fol-

lowing section.

Estimation of incidence

In this study, the number of new cases for each clinical condition was counted from the data-

base according to the following two definitions: (a) Definition 1 included patients with a con-

firmed diagnosis or suspected diagnosis within a 24-month look-back period and (b)

Definition 2 included patients with a confirmed diagnosis only within a 24-month look-back

period. A period of 24 months prior to the observed diagnosis was used to identify any subjects

that had a previous diagnosis in the study period to separate incident events (i.e., new events)

from repeat episodes of the same diagnosis (i.e., prevalent events). For example, for all diagno-

ses of a clinical condition observed in 2019 we ensured that the same diagnosis was not

included in the 24 months prior to the 2019 diagnosis. This approach greatly increased the

likelihood that only new cases of the clinical condition were being included for a given year in

both the JMDC and MDV databases.

We calculated the estimated incidence of each clinical condition in the Japanese population

based on the actual number of new cases identified in the database analysis. Regarding the

JMDC database, the age-specific incidence for each clinical condition in a given year was

based on the observations of new cases in each age group and the number of individuals in

that age group registered in the health insurance system and covered by the database in that

year.

Incidence ðJMDCÞ ¼ #New cases ðJMDCÞ = #health insurance holders ðJMDCÞ

Table 1. (Continued)

Clinical condition outcome ICD-10 codes

Preterm Labor O60

Pulmonary Embolism I260, I269

Reactive Arthritis M0239, M0299

Rheumatoid Arthritis M05, M06

Seizure G568 G40, G41

Spontaneous Abortion O031, O032, O033, O034, O036, O037, O038, O039

Stroke I60, I61, I62, I63, I64, I66, I679

Systemic Lupus Erythematous M32

https://doi.org/10.1371/journal.pone.0256379.t001

Table 2. Number of DPC hospitals in Japan and included in MDV database by year.

Year Period the hospital needed to have provided data to include in the study In MDV database In Japan Percentage of DPC hospitals providing data

2019 January 2017 to December 2019 341 1,667 20%

2018 January 2016 to December 2018 290 1,580 18%

2017 January 2015 to December 2017 253 1,585 16%

2016 January 2014 to December 2016 175 1,496 12%

2015 January 2013 to December 2015 124 1,505 8%

https://doi.org/10.1371/journal.pone.0256379.t002

PLOS ONE Background occurrence of selected clinical conditions prior to extensive national vaccination program in Japan

PLOS ONE | https://doi.org/10.1371/journal.pone.0256379 August 26, 2021 5 / 22

https://doi.org/10.1371/journal.pone.0256379.t001
https://doi.org/10.1371/journal.pone.0256379.t002
https://doi.org/10.1371/journal.pone.0256379


For the MDV database, the corresponding calculation of the incidence for each clinical con-

dition was conducted based on the proportion of DPC hospitals included in the MDV data-

base, and the number of DPC hospitals in Japan for each year. The number of new cases

observed in a particular year and the population in Japan for that year came from the Statistics

Bureau of Japan.

Incidence ðMDVÞ ¼ #New cases ðMDVÞ x ð#DPC hospitals ðJapanÞ = #DPC hospitals ðMDVÞÞ =
population from the national census

The definition of each clinical condition was based on the ICD-10 codes in both databases,

but ICD-10 codes do not specify disease severity. Some patients may have had two or more

competing disease events at the same time, and every event was counted separately in the anal-

ysis of each disease condition. The MDV database consists of data from DPC hospitals and

does not include any data from non-DPC hospitals. Therefore, the number of patients in non-

DPC hospitals was assumed to be zero in this analysis for the MDV database.

The results of the analyses for 14 of the 43 clinical conditions listed below are included in

the main report. The results for the remaining clinical conditions in this study are included in

the accompanying S1 Table. The 14 clinical conditions are:

(1) Bell’s palsy, (2) Guillain-Barre syndrome, (3) Optic Neuritis, (4) Idiopathic Thrombocy-

topenic Purpura, (5) Multiple Sclerosis, (6) Complex Regional Pain Syndrome, (7) Hypercoag-

ulable States (Autoimmune), (8) Any Death / Sudden Unexplained Death, (9) Acute

Transverse Myelitis, (10) Allergic Purpura, (11) Anaphylaxis/Shock, (12) Seizure, (13) Preterm

Labor and (14) Spontaneous Abortion.

The 14 conditions have been roughly sorted according to the following conditions: 1–8 are

those for which estimated incidence increases by age, 9–12 are those for which estimated inci-

dence is similar among the age groups, and 13–14 are those related to pregnant women.

Literature search

This study performed a comprehensive search of the Japanese medical literature to collate and

analyze the available data that describe the background incidence of underlying clinical condi-

tions in Japan. Published papers from PubMed (https://pubmed.ncbi.nlm.nih.gov/) and

Ichushi-web (https://www.jamas.or.jp/english/) were searched and retrieved. For the literature

searches no date range was specified and results up until the last date of searching (17 March

2021) were considered. Inclusion and exclusion criteria for the literature searches is shown in

S2 Table as a PICOST (Population, Intervention, Comparator, Outcomes, Study type and

Timeframe) table. An example search strategy in PubMed for the clinical condition encephali-

tis is shown in S3 Table. Priority was given to the most recent publications and to those litera-

ture that focused on age-specific and gender-specific incidence. When Japanese literature was

not available global literature was searched to identify those conditions that included inci-

dence. Grey literature such as guidelines and government statistics were also reviewed. In

combination with the diagnostic keywords, terms such as incidence, prevalence and epidemi-

ology were also used when searching the literature. Summary information and references for

the studies included in the literature search results are shown at the end of each of the 14 clini-

cal condition tables in the main text and in S1 Table.

Results

The background rate of occurrence of the 43 identified clinical conditions in Japan were esti-

mated through retrospective database analysis. The results for the 14 target clinical conditions

based on the analyses using the MDV and JMDC databases for the year 2019 are described
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below. For the literature search, including grey literature, 299 English publications and 130

Japanese publications were manually reviewed. All the clinical conditions identified in this

study and their occurrence rates for each consecutive year from 2015 to 2019 are presented in

the S1 Table.

The estimated occurrence of new cases “N” and the incidence “per 100,000 population per

year” of confirmed or suspected diagnoses (Definition 1) and confirmed diagnoses (Definition

2) for each of the 14 clinical conditions reported in Japan in the year 2019 are shown in Tables

3–16, as follows.

1) Bell’s palsy

Bell’s palsy is an acute, monosymptomatic disorder characterized by unilateral peripheral facial

paresis (partial) or paralysis (complete) resulting in temporary weakness of facial muscles due

to facial nerve dysfunction. Since the causality is unknown, an etiology of exclusion approach

is adopted based on anatomical structure, history of viral infection, ischemia, inflammation

and cold stimulation responsivity [12]. The estimated incidence of Bell’s palsy in MDV and

JMDC were 41.7 and 47.9 cases per 100,000 population per year, respectively, which were

higher than the incidence reported in European countries. The age-specific estimate tended to

increase with age in both databases (Table 3).

2) Guillain-Barre Syndrome

Guillain-Barre Syndrome (GBS) is a typical immune mediated polyradiculoneuropathy char-

acterized by fulminant progression of flaccid muscular weakness and diminished myotatic

reflexes thought to be activated by an acute infection. It is estimated that two-thirds of the

reported cases resulted from infection caused by several viral species [14]. A predominance in

Table 3. Estimated incidence of Bell’s palsy.

Bell’s Palsy MDV JMDC

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

N Incidence# N Incidence# N Incidence# N Incidence#

Total cases 53,163 42.1 52,596 41.7 69,723 54.0 61,830 47.9

Gender

Male 27,220 44.3 26,995 44.0 34,582 55.1 32,674 52.0

Female 25,944 40.1 25,601 39.5 35,141 53.0 29,156 44.0

Age (years old)

0–11 1,061 8.8 1,051 8.8 846 6.9 725 5.9

12–17 1,046 15.9 1,041 15.8 1,070 16.0 910 13.6

18–24 1,501 17.0 1,501 17.0 1,782 20.1 1,689 19.1

25–44 9,802 33.5 9,694 33.1 14,582 48.6 13,518 45.1

45–64 15,990 47.6 15,854 47.2 22,938 67.2 21,493 62.9

65–74 10,481 60.3 10,315 59.3 28,505 76.8 23,495 63.3

75-� 12,275 66.4 12,138 65.6

Literature review data

A database study which included healthcare databases in Denmark, Italy, Spain and the UK between 2003 and 2014 reported that the incidence rate of Bell’s palsy was

23.8 per 100,000 person-years [13].

� As patients above 75 years of age were few, they were combined with the age group 65–74 years in the JMDC database.
# Estimated incidence per 100,000 population per year.

https://doi.org/10.1371/journal.pone.0256379.t003
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the estimated number and incidence of new cases of the clinical condition was observed in

males in comparison with females and the condition also was observed to increase with age in

both the MDV and JMDC databases (Table 4).

3) Optic neuritis

Optic neuritis is a clinical presentation of idiopathic optic neuropathy affecting the optimal

function of the optic nerve that leads to demyelination. The disease manifests in isolation or

in a setting with multiple sclerosis or neuromyelitis optical [19]. The gender-based trend

analysis revealed that the incidence (N, per 100,000 population per year) was higher in

females than males in both databases and according to both Definitions 1 and 2. Elderly

patients (over 65 years) had a considerably higher estimated number of cases / incidence

(Table 5).

4) Idiopathic thrombocytopenic purpura

Idiopathic thrombocytopenic purpura, which is also known as immune mediated thrombocy-

topenia, is an immunocompromised acquired bleeding disorder occurring as a result of tran-

sient or persistent decrease of the platelet count [22]. The estimated number of new cases /

incidence based on Definition 1 reflected a slight female preponderance [MDV Definition 1:

N = 10,828; 16.7 per 100,000 population per year], [JMDC Definition 1: N = 13,334; 20.1 per

100,000 population per year)]. This condition was notably higher in the elderly population

aged over 75 years (Table 6).

Table 4. Estimated incidence of Guillain–Barre Syndrome.

Guillain-Barré Syndrome MDV JMDC

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

N Incidence# N Incidence# N Incidence# N Incidence#

Total cases 7,264 5.8 4,810 3.8 12,870 10.0 4,754 3.7

Gender

Male 4,014 6.5 2,635 4.3 7,752 12.3 3,382 5.4

Female 3,251 5.0 2,175 3.4 5,118 7.7 1,372 2.1

Age (years old)

0–11 147 1.2 112 0.9 378 3.1 155 1.3

12–17 308 4.7 220 3.3 774 11.5 197 2.9

18–24 376 4.3 259 2.9 880 9.9 243 2.7

25–44 1,335 4.6 968 3.3 3,494 11.6 1,238 4.1

45–64 2,009 6.0 1,335 4.0 4,188 12.3 1,658 4.9

65–74 1,403 8.1 836 4.8 3,156 8.5 1,263 3.4

75-� 1,579 8.5 1,007 5.4

Literature review data

A survey conducted in Japan between 1993 and 1998 showed that the incidence rate of Guillain-Barré Syndrome was estimated to be 1.15 per 100,000 population per

year [15, 16].

An epidemiological survey conducted in Tokushima and Kochi, Japan, between 2006 and 2015 showed that the incidence rate of Guillain-Barré syndrome was 0.42

cases per 100,000 person-years and that of Fisher syndrome was 0.22 cases per 100,000 person-years [17].

A meta-analysis of 16 studies conducted in North America and Europe showed an exponential increase in Guillain-Barré syndrome incidence from 0.62 to 2.66 per

100,000 person-years across all age groups [18].

� As patients above 75 years of age were few, they were combined with the age group 65–74 years in the JMDC database.
# Estimated incidence per 100,000 population per year.

https://doi.org/10.1371/journal.pone.0256379.t004
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Table 6. Estimated incidence of idiopathic thrombocytopenic purpura.

Idiopathic Thrombocytopenic Purpura MDV JMDC

New cases with confirmed

or suspected diagnosis in

2019

New cases with confirmed

diagnosis in 2019

New cases with confirmed

or suspected diagnosis in

2019

New cases with confirmed

diagnosis in 2019

N Incidence# N Incidence# N Incidence# N Incidence#

Total cases 20,063 15.9 16,851 13.4 23,551 18.3 9,421 7.3

Gender

Male 9,234 15.0 7,655 12.5 10,217 16.3 4,954 7.9

Female 10,828 16.7 9,195 14.2 13,334 20.1 4,467 6.7

Age (years old)

0–11 1,437 12.0 1,281 10.7 1,368 11.2 668 5.5

12–17 303 4.6 284 4.3 569 8.5 265 4.0

18–24 445 5.0 416 4.7 691 7.8 291 3.3

25–44 2,048 7.0 1,755 6.0 4,441 14.8 1,601 5.3

45–64 3,710 11.0 3,065 9.1 6,103 17.9 3,202 9.4

65–74 3,696 21.2 3,036 17.5 10,379 28.0 3,394 9.1

75-� 7,963 43.1 6,629 35.9

Literature review data

A study using a database of the Ministry of Health, Labour and Welfare in Japan between 2004 and 2007 reported that the incidence rate of ITP was 2.16 per 100,000

population per year, and that in men was 1.72 and in women was 2.58 [23].

� As patients above 75 years of age were few, they were combined with the age group 65–74 years in the JMDC database.
# Estimated incidence per 100,000 population per year.

https://doi.org/10.1371/journal.pone.0256379.t006

Table 5. Estimated incidence of optic neuritis.

Optic Neuritis MDV JMDC

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

N Incidence# N Incidence# N Incidence# N Incidence#

Total cases 16,352 13.0 11,297 9.0 96,145 74.5 32,082 24.9

Gender

Male 7,392 12.0 5,206 8.5 42,460 67.6 13,952 22.2

Female 8,961 13.8 6,091 9.4 53,685 81.0 18,130 27.4

Age (years old)

0–11 362 3.0 210 1.8 7,430 60.8 1,379 11.3

12–17 499 7.6 396 6.0 5,424 80.9 1,109 16.5

18–24 460 5.2 337 3.8 4,243 47.9 1,151 13.0

25–44 2,698 9.2 1,980 6.8 15,401 51.3 4,984 16.6

45–64 4,375 13.0 3,138 9.3 24,853 72.8 8,867 26.0

65–74 3,354 19.3 2,317 13.3 38,794 104.6 14,592 39.3

75-� 4,273 23.1 2,713 14.7

Literature review data

A nationwide survey in Japan between 1992 and 1993 reported that the incidence rate of idiopathic optic neuritis was 1.03 per 100,000 population per year, and that

among adults was 1.62. The male-female ratio of the incidence was 1:1.22, and 65.9% of the incidence was among patients 14–55 years old [20].

A cohort study conducted in the United Kingdom between 1995 and 2019 showed that the incidence across 22 years was stable at 3.7 (95% CI, 3.6–3.9) per 100,000

person-years [21].

� As patients above 75 years of age were few, they were combined with the age group 65–74 years in the JMDC database.
# Estimated incidence per 100,000 population per year.

https://doi.org/10.1371/journal.pone.0256379.t005
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Table 7. Estimated incidence of multiple sclerosis.

Multiple Sclerosis MDV JMDC

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

N Incidence# N Incidence# N Incidence# N Incidence#

Total cases 9,948 7.9 4,634 3.7 22,660 17.6 3,571 2.8

Gender

Male 4,131 6.7 1,657 2.7 9,544 15.2 1,639 2.6

Female 5,817 9.0 2,977 4.6 13,116 19.8 1,932 2.9

Age (years old)

0–11 117 1.0 44 0.4 224 1.8 17 0.1

12–17 328 5.0 142 2.1 627 9.4 71 1.1

18–24 650 7.4 308 3.5 1,098 12.4 417 4.7

25–44 2,977 10.2 1,618 5.5 5,625 18.7 1,162 3.9

45–64 3,031 9.0 1,564 4.7 6,150 18.0 1,459 4.3

65–74 1,442 8.3 499 2.9 8,936 24.1 445 1.2

75-� 1,266 6.8 411 2.2

Literature review data

A nationwide survey in Japan reported that the prevalence was 7.7 per 100,000 population and the number of patients was estimated to be 9,900 in 2004 in Japan,

including Neuromyelitis optica (NMO). The ratio of males-females was 1:2.9 and the peak in age was in 25–29 year-olds [25].

An epidemiologic surveillance conducted in Tokachi, Hokkaido, Japan, reported that the prevalence of multiple sclerosis was 16.2 per 100,000 population (7.7 for males

and 24.0 for females) in 2011 [26].

� As patients above 75 years of age were few, they were combined with the age group 65–74 years in the JMDC database.
# Estimated incidence per 100,000 population per year.

https://doi.org/10.1371/journal.pone.0256379.t007

Table 8. Estimated incidence of complex regional pain syndrome.

Complex Regional Pain Syndrome MDV JMDC

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

N Incidence# N Incidence# N Incidence# N Incidence#

Total cases 3,828 3.0 3,740 3.0 7,031 5.4 6,750 5.2

Gender

Male 1,447 2.4 1,398 2.3 2,391 3.8 2,347 3.7

Female 2,381 3.7 2,342 3.6 4,640 7.0 4,403 6.6

Age (years old)

0–11 34 0.3 29 0.2 69 0.6 69 0.6

12–17 54 0.8 49 0.7 180 2.7 180 2.7

18–24 98 1.1 93 1.1 38 0.4 38 0.4

25–44 401 1.4 386 1.3 981 3.3 964 3.2

45–64 1,354 4.0 1,325 3.9 2,723 8.0 2,459 7.2

65–74 929 5.3 919 5.3 3,040 8.2 3,040 8.2

75-� 880 4.8 860 4.7

Literature review data

A comprehensive review based on data from several countries revealed a broad incidence of 0.82–26.2 per 100,000 population per year [28].

� As patients above 75 years of age were few, they were combined with the age group 65–74 years in the JMDC database.
# Estimated incidence per 100,000 population per year.

https://doi.org/10.1371/journal.pone.0256379.t008
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Table 9. Estimated incidence of Hypercoagulable States (Autoimmune).

Hypercoagulable States (Autoimmune) MDV JMDC

New cases with confirmed

or suspected diagnosis in

2019

New cases with confirmed

diagnosis in 2019

New cases with confirmed

or suspected diagnosis in

2019

New cases with confirmed

diagnosis in 2019

N Incidence# N Incidence# N Incidence# N Incidence#

Total cases 33,477 26.5 7,308 5.8 88,269 68.4 13,660 10.6

Gender

Male 10,256 16.7 1,745 2.8 25,472 40.6 2,365 3.8

Female 23,221 35.9 5,563 8.6 62,797 94.8 11,295 17.0

Age (years old)

0–11 259 2.2 64 0.5 704 5.8 69 0.6

12–17 538 8.2 108 1.6 1,260 18.8 160 2.4

18–24 1,300 14.7 279 3.2 3,462 39.1 629 7.1

25–44 9,171 31.3 2,708 9.3 29,192 97.3 7,559 25.2

45–64 8,941 26.6 1,760 5.2 23,141 67.7 2,503 7.3

65–74 5,891 33.9 1,056 6.1 30,510 82.2 2,740 7.4

75-� 6,883 37.2 1,247 6.7

Literature review data

A population-based study in the USA reported that the incidence rate of antiphospholipid syndrome was 2.1 per 100,000 population per year among adults aged� 18

years [30].

� As patients above 75 years of age were few, they were combined with the age group 65–74 years in the JMDC database.
# Estimated incidence per 100,000 population per year.

https://doi.org/10.1371/journal.pone.0256379.t009

Table 10. Estimated incidence of Any Death/Sudden Unexplained Death.

Any Death / Sudden Unexplained Death MDV JMDC

New cases with confirmed

or suspected diagnosis in

2019

New cases with confirmed

diagnosis in 2019

New cases with confirmed

or suspected diagnosis in

2019

New cases with confirmed

diagnosis in 2019

N Incidence# N Incidence# N Incidence# N Incidence#

Total cases 494 0.4 484 0.4 71 0.1 52 0.0

Gender

Male 298 0.5 288 0.5 19 0.0 0 0.0

Female 196 0.3 196 0.3 52 0.1 52 0.1

Age (years old)

0–11 34 0.3 24 0.2 0 0.0 0 0.0

12–17 0 0.0 0 0.0 0 0.0 0 0.0

18–24 0 0.0 0 0.0 0 0.0 0 0.0

25–44 15 0.1 15 0.1 19 0.1 0 0.0

45–64 64 0.2 64 0.2 52 0.2 52 0.2

65–74 73 0.4 73 0.4 0 0.0 0 0.0

75-� 308 1.7 308 1.7

Literature review data

According to the data of the Utstein registry of the Fire and Disaster Management Agency, the number of the sudden cardiac death was 78,884 in Japan in 2019 (The

incidence rate is estimated to be 62 per 100,000 population per year.) [32].

In a study from Okinawa, Japan, for the period 1 January 1992 to 31 December 1994, the incidence of sudden unexpected death was observed to be 37 per 100,000

population per year (51 for males aged 20–74 years, and 23 for females aged 20–74 years) [31].

� As patients above 75 years of age were few, they were combined with the age group 65–74 years in the JMDC database.
# Estimated incidence per 100,000 population per year.

https://doi.org/10.1371/journal.pone.0256379.t010
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5) Multiple sclerosis

Multiple sclerosis is the prototype chronic inflammatory pathological condition of autoimmune

origin. It is characterized by relapses and remissions of demyelination, gliosis and neuronal loss

caused by focal lymphocytic infiltration resulting in severe neurological defects [24]. The esti-

mated number of new cases and incidence was higher in females than males in the two databases.

Heterogeneity was high among the age groups which made age-specific trend assessment difficult.

Individuals in their 50s and early 60s were observed to be more prone to this condition (Table 7).

6) Complex regional pain syndrome

Complex regional pain syndrome, also known as reflex sympathetic dystrophy (RSD), is a post

traumatic chronic neurologic disorder. It is characterized by a series of prolonged painful epi-

sodes accompanied by sensory, vasomotor, sudomotor and motor functional impairments

[27]. Marked female predilection was observed in comparison with males (Table 8). The esti-

mated number and incidence of new cases of the clinical condition were higher in the elderly

population (Table 8).

7) Hypercoagulable States (Autoimmune)

Hypercoagulable States (Autoimmune) is often termed as antiphospholipid syndrome or anti-

phospholipid antibody syndrome (APS or APLS), or Hughes syndrome. It is an autoimmune,

hypercoagulable state caused by antiphospholipid antibodies that include the lupus anticoagu-

lant, or moderate-high titer anticardiolipin, or anti-β2 Glycoprotein I antibodies. The array of

clinical phenotypes leads to arterial and venous thrombosis, microvascular and obstetrical

complications such as pre-eclampsia, pregnancy morbidity and fetal demises [29]. A

Table 11. Estimated incidence of Acute Transverse Myelitis.

Acute Transverse Myelitis MDV JMDC

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

N Incidence# N Incidence# N Incidence# N Incidence#

Total cases 953 0.8 753 0.6 2,104 1.6 644 0.5

Gender

Male 494 0.8 420 0.7 747 1.2 415 0.7

Female 460 0.7 332 0.5 1,357 2.0 229 0.3

Age (years old)

0–11 49 0.4 29 0.2 290 2.4 137 1.1

12–17 20 0.3 10 0.1 88 1.3 52 0.8

18–24 20 0.2 15 0.2 179 2.0 47 0.5

25–44 181 0.6 142 0.5 286 1.0 106 0.4

45–64 284 0.8 230 0.7 559 1.6 302 0.9

65–74 200 1.2 156 0.9 702 1.9 0 0.0

75-� 191 1.0 161 0.9

Literature review data

A survey in Fukuoka, Japan, in September 1998 to August 2003 reported that the incidence among 2–13 year old children was 0.11 per 100,000 person-years of

observation [35].

A study reviewing articles published between 1981 and 2009 showed that the incidence of acute transverse myelitis was between 1.34 and 4.6 per million per year with

bimodal peaks between ages 10–19 and 30–39 years [36].

� As patients above 75 years of age were few, they were combined with the age group 65–74 years in the JMDC database.
# Estimated incidence per 100,000 population per year.

https://doi.org/10.1371/journal.pone.0256379.t011
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Table 12. Estimated incidence of Allergic Purpura.

Allergic Purpura MDV JMDC

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

N Incidence# N Incidence# N Incidence# N Incidence#

Total cases 17,613 14.0 15,604 12.4 35,703 27.7 23,831 18.5

Gender

Male 8,443 13.7 7,582 12.3 13,657 21.8 9,348 14.9

Female 9,171 14.2 8,022 12.4 22,046 33.3 14,483 21.9

Age (years old)

0–11 7,338 61.1 7,230 60.2 10,908 89.2 8,357 68.3

12–17 753 11.4 684 10.4 1,985 29.6 1,150 17.2

18–24 577 6.5 533 6.0 1,196 13.5 859 9.7

25–44 2,146 7.3 1,902 6.5 5,624 18.7 3,888 13.0

45–64 2,361 7.0 1,848 5.5 6,740 19.7 4,250 12.4

65–74 1,843 10.6 1,418 8.2 9,250 24.9 5,327 14.4

75-� 2,435 13.2 1,867 10.1

Literature review data

A population-based study in the UK between 1996 and 1999 reported that the incidence rate of Henoch-Schönlein purpura (HSP) was 20.4 per 100,000 population per

year in children< 17 years of age, with a peak incidence of 70.3 in children between the ages of 4 and 6 years [38].

A database study conducted in Taiwan between 1999 and 2002 reported that the incidence rate of HSP was 12.9 per 100,000 population per year in children < 17 years

of age, with a peak incidence of 26.6 at the age of 5 years and 27.9 at the age of 6 years [39].

A database study conducted in Korea between 2006 and 2015 reported that the incidence of HSP was 55.9 per 100,000 population per year in children < 18 years of

age, with a peak incidence of 121.6 at the age of 5 years [40].

� As patients above 75 years of age were few, they were combined with the age group 65–74 years in the JMDC database.
# Estimated incidence per 100,000 population per year.

https://doi.org/10.1371/journal.pone.0256379.t012

Table 13. Estimated incidence of Anaphylaxis/Shock.

Anaphylaxis/Shock MDV JMDC

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

N Incidence# N Incidence# N Incidence# N Incidence#

Total cases 66,836 53.0 66,255 52.5 95,695 74.2 87,847 68.1

Gender

Male 34,064 55.5 33,848 55.1 46,646 74.3 44,035 70.1

Female 32,773 50.6 32,406 50.0 49,049 74.0 43,812 66.1

Age (years old)

0–11 14,348 119.5 14,328 119.4 17,644 144.3 16,445 134.5

12–17 3,691 55.9 3,676 55.7 7,293 108.8 6,791 101.3

18–24 4,018 45.6 3,984 45.2 5,563 62.8 4,965 56.0

25–44 11,879 40.6 11,767 40.2 17,283 57.6 15,677 52.3

45–64 14,446 43.0 14,309 42.6 22,598 66.2 20,429 59.8

65–74 9,645 55.5 9,547 54.9 25,314 68.2 23,540 63.5

75-� 7,978 43.1 7,812 42.2

Literature review data

A survey conducted by the Ministry of Education, Culture, Sports, Science and Technology in Japan in 2013 reported that the proportion of students with a history of

anaphylaxis was 0.6% in elementary school students, 0.4% in junior high school students and 0.3% in high school students [42].

� As patients above 75 years of age were few, they were combined with the age group 65–74 years in the JMDC database.
# Estimated incidence per 100,000 population per year.

https://doi.org/10.1371/journal.pone.0256379.t013
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consistently higher (N, per 100,000 population per year) occurrence of the condition was

observed in females with increases across successive age groups (Table 9).

Table 14. Estimated incidence of Seizure.

Seizure MDV JMDC

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

N Incidence# N Incidence# N Incidence# N Incidence#

Total cases 270,694 214.6 260,238 206.3 329,112 255.0 231,540 179.4

Gender

Male 144,516 235.3 139,216 226.7 158,494 252.4 107,767 171.6

Female 126,179 194.9 121,021 186.9 170,618 257.5 123,773 186.8

Age (years old)

0–11 20,376 169.8 20,982 174.8 33,178 271.3 14,297 116.9

12–17 9,122 138.3 9,503 144.0 22,140 330.3 10,850 161.8

18–24 11,806 133.9 11,708 132.8 20,634 232.9 13,329 150.5

25–44 30,920 105.7 30,094 102.9 50,942 169.8 37,206 124.0

45–64 53,075 157.9 51,335 152.8 70,431 206.2 53,149 155.6

65–74 45,752 263.0 43,572 250.5 131,787 355.3 102,709 276.9

75-� 94,613 511.7 88,287 477.5

Literature review data

The Japan Epilepsy Society noted that the incidence of epilepsy in developed countries is regarded as 45 per 100,000 population per year [44].

The MHLW estimated the prevalence of epilepsy in Japan to be 5–8 per 1,000 population in Japan [45]

� As patients above 75 years of age were few, they were combined with the age group 65–74 years in the JMDC database.
# Estimated incidence per 100,000 population per year.

https://doi.org/10.1371/journal.pone.0256379.t014

Table 15. Estimated incidence of Preterm Labor.

Preterm Labor MDV JMDC

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

N Incidence# N Incidence# N Incidence# N Incidence#

Total cases 132,837 105.3 132,636 105.1 301,000 233.2 297,537 230.6

Gender

Male 20 0.0 20 0.0 18 0.0 18 0.0

Female 132,817 205.1 132,617 204.8 300,982 454.3 297,519 449.0

Age (years old)

0–11 44 0.4 44 0.4 18 0.1 18 0.1

12–17 479 7.3 474 7.2 219 3.3 219 3.3

18–24 12,221 138.6 12,226 138.7 11,128 125.6 11,049 124.7

25–44 119,613 408.8 119,413 408.1 288,887 962.9 285,503 951.6

45–64 479 1.4 479 1.4 748 2.2 748 2.2

65–74 0 0.0 0 0.0 0 0.0 0 0.0

75-� 0 0.0 0 0.0

Literature review data

National statistics (the vital statistics of the MHLW) reported that the proportion of all births that were preterm in Japan was 5.6% in 2015, 5.8% in 2013 and 4.1% in

1980 [47–49].

� As patients above 75 years of age were few, they were combined with the age group 65–74 years in the JMDC database.
# Estimated incidence per 100,000 population per year.

https://doi.org/10.1371/journal.pone.0256379.t015
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8) Any Death/Sudden Unexplained Death

It was not possible to estimate the occurrence of sudden unexplained death in the MDV and

JMDC databases as these deaths almost exclusively occur outside of healthcare institutions and

are therefore not included in the health insurance medical records. Only limited numbers of

any unexplained death were available from the MDV and JMDC databases and these numbers

are provided in Table 10. In a study from Okinawa, for the period 1 January 1992 to 31 Decem-

ber 1994, the incidence of sudden unexpected death was observed to be 37 per 100,000 popula-

tion per year (age 20–74 years, males = 51 per 100,000 population per year and females = 23

per 100,000 population per year). Importantly, for 53% of these deaths the cause was undeter-

mined [31]. Further, data of the Utstein registry collected by the Fire and Disaster Manage-

ment Agency noted that the number of sudden cardiac deaths recorded in Japan was 78,884 in

2019, suggesting an incidence of 62 deaths per 100,000 population per year [32]. Finally, the

number of deaths due to any cause in 2019 was 1,381,093 according to the Vital Statistics pub-

lished by the Ministry of Health, Labour and Welfare [33].

9) Acute Transverse Myelitis

Acute Transverse Myelitis (ATM) is a rare etiologically heterogeneous inflammatory subtype

of transverse myelopathy. The clinical syndrome has an acute or subacute onset, which on spi-

nal injury affects sensory and motor skills resulting in neurologic deficits [34]. The estimated

incidence of confirmed diagnoses of acute transverse myelitis was 0.5–0.6 cases per 100,000

Table 16. Estimated incidence of Spontaneous Abortion.

Spontaneous Abortion MDV JMDC

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

New cases with confirmed or

suspected diagnosis in 2019

New cases with confirmed

diagnosis in 2019

N Incidence# N Incidence# N Incidence# N Incidence#

Total cases 19,368 15.4 19,129 15.2 82,431 63.9 77,494 60.1

Gender

Male 0 0.0 0 0.0 36 0.1 36 0.1

Female 19,368 29.9 19,129 29.5 82,395 124.4 77,458 116.9

Age (years old)

0–11 0 0.0 0 0.0 17 0.1 0 0.0

12–17 64 1.0 64 1.0 110 1.6 92 1.4

18–24 1,657 18.8 1,628 18.5 3,643 41.1 3,021 34.1

25–44 17,208 58.8 17,002 58.1 76,629 255.4 72,711 242.4

45–64 440 1.3 435 1.3 2,032 5.9 1,670 4.9

65–74� 0 0.0 0 0.0 0 0.0 0 0.0

75-� 0 0.0 0 0.0

Literature review data

A survey conducted in a hospital in Miyagi, Japan, between 1972 and 1980 reported that the proportion of the incidence of spontaneous abortion among all

pregnancies was 9.6% [51].

A survey conducted in Denmark between 1978 and 1992 reported that the proportion of incidence of spontaneous abortion among pregnancies was 13.3% among 12–

19 year-olds, 11.1% among 20–24 year-olds, 11.9% among 25–29 year-olds, 15.0% among 30–34 year-olds, 24.6% among 35–39 year-olds, 51.0% among 40–44 year-

olds, and 93.4% among those 45 years or older [52].

A survey conducted in Aichi, Japan, between 2007 and 2010 reported that 38.3% of the women with a history of pregnancy had experienced at least one spontaneous

abortion [53].

� As patients above 75 years of age were few, they were combined with the age group 65–74 years in the JMDC database.
# Estimated incidence per 100,000 population per year.

https://doi.org/10.1371/journal.pone.0256379.t016
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population per year. The incidence in Japan was lower than observed in studies outside of

Japan (Table 11).

10) Allergic Purpura

Allergic Purpura, also known as Henoch-Schönlein purpura (HSP), is an IgA-mediated sys-

temic microvasculitis condition associated with the accumulation of antibodies in the blood

vessels [37]. The pathology is widely observed in the pediatric population. The proportion of

female Allergic Purpura cases was higher than male cases in both databases and taking all

study groups together there was higher incidence among the age group 0-11(Table 12).

11) Anaphylaxis/Shock

Anaphylaxis is a life-threatening and acute multisystemic hypersensitivity condition. The epi-

sodes often manifest with a potentially fatal outcome, as the risk of rapid-evolving respiratory

collapse is anticipated. Despite the causative factor, expeditious cause determination and treat-

ment is critical [41]. With respect to anaphylaxis, estimated incidence appeared to be higher in

men and lower in women for both Definitions 1 and 2 in both databases. The numbers of con-

firmed or suspected diagnoses were similar to those of confirmed diagnoses (Table 13).

12) Seizure

An epileptic seizure is a spontaneous neurological transient array of signs and symptoms

resulting from abnormal fulminant or synchronous neuronal activity in the brain [43]. Esti-

mated new cases / incidence varied across different age groups (Table 14).

13) Preterm Labor

Preterm birth is one of the crucial obstetrical complications that is attributed to increased risk

of perinatal mortality and morbidity. Preterm is a parturition occurring less than 37 completed

weeks or 259 days of gestation [46]. There were an estimated 105.3 and 233.2 new cases per

100,000 population per year with a confirmed diagnosis of preterm in the year 2019 in MDV

and JMDC, respectively (Table 15).

14) Spontaneous abortion

Spontaneous abortion is a pregnancy failure occurring before 20 weeks of gestation as result of

natural causative factors [50]. Among the female population in the MDV database, the overall

estimated number of new cases / incidence of spontaneous abortion were 19,368 cases (15.4

cases per 100,000 population per year) and 19,129 cases (15.2 cases per 100,000 population per

year), respectively. In the JMDC database, the estimated number of new cases / incidence

according to Definitions 1 and 2 were 82,431 female cases (63.9 cases per 100,000 population

per year) and 77,494 cases (60.1 cases per 100,000 population per year), respectively (Table 16).

Discussion

Adverse events occurring around the time of vaccination can be misconstrued as a potential

outcome attributed to the vaccine in an extensive national vaccination program. This can lead

to vaccine hesitancy and resistance to vaccination among the public. Vaccine hesitancy jeopar-

dizes the success of vaccination programs which consequently increases the risk of disease

morbidity and mortality. It is critical therefore that steps must be taken to enhance confidence

in vaccines to be used in these programs. However, at the same time stringent measures must

be put in place to ensure early reporting of adverse events following vaccination in order that
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these can be investigated thoroughly to determine whether a causal relationship exists between

the vaccine and observed clinical conditions. For any adverse event that is less frequent in a

vaccinated group than in others, the potential association between the vaccination and the

event can also be worthy of further investigation.

The estimates of the number of total cases and incidence were similar for the MDV and

JMDC databases for some diseases. In addition, some estimates were similar to those in the

scientific literature. However, the interpretation of the data included in this study must con-

sider the limitations that are inherent to the databases which provided the main source of

data and the extrapolations that were used to estimate the occurrence of these clinical con-

ditions for the whole of Japan. (1) This retrospective database study only covers reimburse-

ment claims processed within hospitals, which are not specifically recorded for research

purposes. Results of laboratory tests or any medical procedures were not available in the

current analysis; therefore, we defined the diagnosis only by ICD-10 codes. In addition,

incidence of mild and severe clinical conditions could not be differentiated. Further, the

presence or absence of other underlying medical conditions was not taken into account.

This can lead to either an under- or over-estimate in disease occurrence when data are not

entered appropriately into the databases. To capture the appropriate number of cases of dis-

ease for Japan, the sets of ICD-10 codes may be different from the ones used in other stud-

ies. (2) MDV is strictly a DPC hospital-based database, so there was no traceability of

patients when patients switched hospitals. JMDC is a health insurance database, so limited

data are available on individuals (and their families) who are not employed in middle- to

large-sized companies. (3) Patients included in the databases are also likely to differ.

Patients usually visit general practitioners at local clinics first, and afterwards are trans-

ferred to or visit large-sized specialized hospitals. For this reason, the JMDC database, as it

also includes primary care settings, will inevitably contain more suspected cases of disease

as confirmatory diagnoses have not yet been made in the hospital setting. (4) Patients with

mild or moderate diseases may visit only primary care settings and will be included in the

JMDC database but not in the MDV database, which consists mainly of large-scale special-

ized hospitals. The data included in these two databases therefore do not precisely represent

the disease occurrence in the general Japanese population. The patient groups in these two

databases are different, and the data collected emphasizes the need for caution in evaluating

the occurrence of clinical conditions, while at the same time providing a range between

which the true occurrence may lie. When the estimates of incidence are similar from the

two databases, then, these can be considered to be reasonable estimates of the true inci-

dence. (5) Both databases also contain some data entry errors. For example, on a few occa-

sions the gender for patients with spontaneous abortion and preterm labor was recorded as

male. (6) Individuals in the MDV database can be lost to follow-up as they move from one

healthcare institution to another. For this database it is possible that a single patient can be

included as multiple patients if there is a change in hospitals and these hospitals are

included in the MDV database. Therefore, this review can only provide a potential range of

occurrence of clinical conditions in Japan based on these healthcare databases and the avail-

able literature.

In addition, the data collected in this study can also be used to estimate a range for the num-

ber of cases of a clinical condition (temporally related to vaccination) that is likely to be

observed within 1 day, 1 week or 1 month following vaccination in a hypothetical vaccination

program as was suggested by Wang et al. in their publication on the expected number of back-

ground disease events during mass immunization in China [8]. Examples of such estimations

are provided below in Table 17 based on data from both the MDV and JMDC databases. The

calculation uses the estimated incidence of each clinical condition applied to the population
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of� 65-year-old patients to be vaccinated and assumes that the incidence of the clinical condi-

tions remains constant throughout the year. These expected background rates can be different

between people with and without underlying medical conditions. Thus, caution is required

when we want to compare patients with a certain underlying medical condition. As noted by

Wang and colleagues, even for relatively infrequent clinical conditions, a significant number

of observations can be expected in a short period of time because of the substantial number of

individuals vaccinated in pandemic situations.

Conclusion

This is the first report study in Japan, to the authors’ knowledge, to use large-scale, real-world

data and published literature to estimate the occurrence of 43 clinical conditions. The primary

conclusion of our study is that clinical conditions usually observed after vaccination can also

be observed in the situation without vaccination at a certain level of frequency as reported in

this study. Some of the clinical conditions will continue to occur following the start of exten-

sive national vaccination programs against COVID-19. Determining whether clinical condi-

tions occurring around the time of vaccination are causally or only temporally related to

vaccination will be critical for public health decision makers. This will require in-depth evalua-

tions of the potential for causality. Our study demonstrates that the relationship between vacci-

nation and clinical conditions occurring around the time of vaccination should not be

immediately considered as causal. Although in-depth evaluations of causality at the individual

case level are essential, causal judgement may be difficult. Alternatively, background occur-

rence at the population level may provide some additional objective evidence for the evalua-

tion of temporality or causality. The background occurrence reported in this study can be used

as one of the elements for the evaluation of the temporal or causal relationships between vacci-

nations and clinical conditions. Data on the safety profile of COVID-19 vaccines for the gen-

eral population in Japan is yet to be evaluated. Presently data are available on the wider use of

these vaccines in other countries. The authors of this publication are considering following up

Table 17. Expected number of cases for various clinical conditions within different time periods of vaccination for those 65 years and older based on data from the

MDV and JMDC databases.

Clinical condition Expected number of cases� � 65

years old (confirmed or suspected)

within 1 day of vaccination

Expected number of cases� � 65

years old (confirmed or suspected)

within 1 week of vaccination

Expected number of cases� � 65

years old (confirmed or suspected)

within 1 month of vaccination

MDV JMDC MDV JMDC MDV JMDC

Bell’s palsy 62 78 436 547 1,896 2,375

Guillain-Barre syndrome 8 9 57 61 249 263

Optic Neuritis 21 106 146 744 636 3,233

Idiopathic Thrombocytopenic Purpura 32 28 224 199 972 865

Multiple Sclerosis 7 24 52 171 226 745

Complex Regional Pain Syndrome 5 8 35 58 151 253

Hypercoagulable States (Autoimmune) 35 84 245 585 1,064 2,543

Any Death/Sudden Unexplained Death 1 0 7 0 32 0

Acute Transverse Myelitis 1 2 8 13 33 59

Allergic Purpura 12 25 82 177 356 771

Anaphylaxis/Shock 48 69 338 485 1,469 2,110

Seizure 385 361 2,692 2,527 11,697 10,982

� Rounded to the nearest whole number.

https://doi.org/10.1371/journal.pone.0256379.t017
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with a later publication of the safety profile of COVID-19 vaccines when the vaccination pro-

gram in Japan has advanced further.
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