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Background: The coronavirus disease 2019 (COVID-19) pandemic has greatly affected daily life. COVID-19
often causes asymptomatic or mild disease in children; however, delayed routine childhood immuniza-
tion is a concern, as it could increase the risk of vaccine-preventable disease. No study has evaluated the
status of childhood vaccinations in Japan during the COVID-19 pandemic.
Methods: This retrospective observational study evaluated the number of vaccine doses administered to
children in 4 Japanese cities (2 cities in the Tokyo metropolitan area and 2 cities far from Tokyo) during
the period from 2016 to 2020. Vaccine doses administered between January and September 2020 during
the COVID-19 pandemic were compared, by month, with those given during 2016–2019. Age-stratified
demographic data were collected to determine whether factors other than change in the child population
over time affected vaccination trends.
Results: In all cities the decrease in vaccine doses administered was most apparent in March and April
2020, i.e., just before or coincident with the declaration of a nationwide COVID-19 emergency on April
7, 2020. The decrease started as early as February in the Tokyo metropolitan area. As child age increased,
the decrease became more apparent. Before the lift of national emergency onMay 25, catch-up of the vac-
cination was observed in all age groups in all cities. Vaccine doses persistently increased in older age
groups but not in infants. The overall vaccination trends did not differ significantly among the 4 cities.
Conclusions: The COVID-19 pandemic significantly affected routine childhood immunization in Japan.
Thus, a nationwide electronic surveillance system and announcements for guardians to encourage timely
routine immunization are warranted.

� 2021 Elsevier Ltd. All rights reserved.
1. Introduction

The SARS-CoV-2 was isolated on January 7, 2020 in China [1],
and the first Japanese patient with coronavirus disease 2019
(COVID-19) was confirmed on January 15, 2020 in Kanagawa Pre-
fecture in the Tokyo metropolitan area [2]. COVID-19 later rapidly
spread throughout Japan, and the first pediatric patient with
COVID-19 was confirmed in February in Hokkaido, the northern-
most large island of Japan [3]. A national emergency was declared
on April 7, 2020 for 7 prefectures, including Tokyo and other large
cities, and was extended to the entire country on April 16, 2020.
The emergency was lifted on May 14 for 39 prefectures, and on
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May 25, 2020 for the remaining 8 prefectures, which included
Tokyo and other large cities. During the COVID-19 pandemic the
public has been asked to refrain from nonessential outings, to limit
potential sick contacts. Clinics and hospitals have delayed
nonessential and nonurgent practices, including regular outpatient
visits and elective surgery. The pandemic has forced changes to
management of pediatric cancer [4] and allergic diseases, including
asthma [5,6]. Since the beginning of the pandemic, fewer pediatric
patients have been presenting at emergency departments [7],
which reflects decreases in admissions attributable to infections
by viruses [8] and bacteria [9]. This decrease in infections is due
to the absence of opportunities for pathogen transmission by dro-
plets or personal contact. However, the reduction in admissions
has had detrimental consequences, including increases in appen-
diceal perforation [10], delays in intervention for severe infectious
diseases [8], and increased mortality [11]. The delay in access is
mainly attributable to guardians’ concerns regarding possible
COVID-19 infection when visiting clinics or hospitals [8,11].

To maximize protection from vaccine-preventable diseases,
timely vaccination is important in routine childhood immunization
[12]. However, guardians’ fear of COVID-19 infection has delayed
routine childhood immunization in several countries, including
the United States [13–16], United Kingdom [17], Netherlands
[18], Singapore [19], and Pakistan [20]. The Committee on Immu-
nization and Infectious Diseases (COIID) of the Japan Pediatric Soci-
ety (JPS) thus announced to the public on May 1, 2020 that routine
childhood immunization is essential and urgent [21] and released
data on vaccine dose decreases in February and March 2020 for
children aged 1 year or older in Kawasaki City, in the Tokyo
metropolitan area [22]. Routine childhood immunization must
remain a priority of pandemic response, even during stay-at-
home periods [23], to ensure that Japan does not backtrack from
recent progress in the Japanese national immunization program
(NIP) [24]. Because data on the delay in routine childhood immu-
nization in Japan are scarce, we surveyed the status of child vacci-
nations in 4 cities in Japan during the 2020 COVID-19 pandemic.
2. Materials and Methods

2.1. Study population and locations

This retrospective observational study surveyed vaccine doses
administered to children in 2 cities in and 2 cities distant from
the Tokyo metropolitan area. The former include Kawasaki City,
in Kanagawa Prefecture (population, 1,530,000 in 2020), and Fuchu
City in Tokyo (population, 260,000 in 2020), located in the Tokyo
metropolitan area. The latter includes Niigata City (population,
800,000 in 2020), located in the northern area of the main island
and the capital of Niigata Prefecture, and Nagasaki City (popula-
tion, 420,000 in 2020), located on the southern island of Kyushu
and the capital of Nagasaki Prefecture (Supplementary Fig. 1).
We selected these 4 cities because data were available for these
cities from COIID members of the JPS.

To determine whether vaccination trends were affected by fac-
tors other than change in the child population over time, age-
stratified demographic data were collected by using official publi-
cations on the websites of the municipal offices for each city.
Demographic data for January during the study years were used
to determine the population in the corresponding year in Niigata
[25] and Fuchu [26]. Because age-stratified demographic data were
not published for other months, demographic data for October
from the national census during the study years were used to
determine the populations in the following year in Kawasaki [27]
and Nagasaki [28].
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2.2. Vaccine records

Data on vaccination in the Japanese NIP between January and
September during the years 2016–2020 were collected from vari-
ous sources, including the Kawasaki and Niigata health centers,
the Nagasaki municipal office, and the Fuchu City Medical Associ-
ation. The vaccines evaluated in this study were the hepatitis B
virus (HepB), Bacille de Calmette et Guérin (BCG), measles and
rubella (MR), varicella-zoster virus (VZV), Japanese encephalitis
(JE), and diphtheria-tetanus (DT) vaccines. These vaccines were
carried out in the same manner, no mass immunization was done
in the 4 cities.

In the Japanese NIP, the 3 doses of the HepB vaccine are recom-
mended at 2, 3, and 7–8 months, and the BCG vaccine is recom-
mended at 5–7 months. The first dose (MR1) and second dose of
the MR (MR2) vaccine are recommended at age 1 year and 5–
6 years, respectively. The first and second doses of VZV (VZV1/2)
are recommended at age 1 year (age 2 years, at the latest), with
an interval of 6–12 months (at least 3 months). The primary series
of 3 doses of the JE vaccine (JE1–3) are recommended at age 3–
4 years, with a booster dose (JE4) at age 9–12 years. The DT vaccine
is recommended at age 11–12 years.

Because we were unable to distinguish between the primary
series and booster dose of vaccines in the data from Niigata and
Fuchu, a few vaccines in the NIP, including the Haemophilus influen-
zae type b (Hib) vaccine, 13-valent pneumococcal conjugate vac-
cine (PCV13), and diphtheria, tetanus, acellular pertussis, and
inactivated polio (DTaP-IPV) vaccine, were not evaluated. Rota-
virus vaccines, which were included in the NIP in October 2020,
were also removed. Additionally, human papillomavirus vaccines
were not analyzed because of the temporary withdrawal of the
active recommendation for these vaccines by the Japanese govern-
ment from 2013 [24]. Mumps and influenza vaccines, which are
not in the NIP and are categorized as voluntary vaccines, were also
not included.
2.3. Statistical analysis

The change in child population was calculated by comparing
the population in 2020 with the average population during
2016–2019 for each age category. The change in percentage of
the population was considered as a reference value to determine
whether the change in vaccine doses was different from the change
in the population.

The numbers of vaccine doses administered in 2020 were com-
pared with the average numbers of vaccine doses for 2016 through
2019, by month. The proportional change was expressed as a per-
centage (i.e., vaccine dose administered in 2020 divided by the
average vaccine dose for 2016–2019 � 100(%)). Because HepB vac-
cine was added to the NIP in October 2020, we calculated the aver-
age vaccine doses used between 2017 and 2019, for comparison. In
addition, some data for 2016 were unavailable, namely, data for
the BCG vaccine in January and February in Kawasaki; for the
MR1, MR2, JE1-3, and JE4 vaccines in Nagasaki and Fuchu; and
for the BCG, VZV1/2, and DT vaccines between January and March
in Fuchu. In such cases, we used the data for 2017–2019 for
comparison.
2.4. Ethics approval

This study was approved by the Ethics Committee of Niigata
University (2020–0394).
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3. Results

3.1. Changes in the child populations of the 4 study sites from 2016–
2019 to 2020

The number of children aged 15 years or younger and the gen-
eral population in 2020 were 201,462 (13.2%) and 1,530,457,
respectively, in Kawasaki, 101,083 (12.8%) and 788,053 in Niigata,
50,650 (12.3%) and 411,421 in Nagasaki, and 36,451 (14.0%) and
260,232 in Fuchu. Percentage change in each age category in
2020 as compared with the average during 2016–2019 is shown
in Fig. 1. Except for an increase in children aged 3 years or older
in Kawasaki and those aged 9–12 years in Fuchu, the overall pop-
ulation of children decreased. However, the extent of the reduction
decreased as age increased. The decrease was the most prominent
in infants: �4.1% in Kawasaki, �9.6% in Niigata, �6.9% in Nagasaki,
and �14.2% in Fuchu.
3.2. Changes in vaccine doses administered during 2016–2019 and
2020

The numbers of vaccine doses administered during the study
period at the 4 sites were 197,068 for HepB vaccine, 82,043 for
BCG vaccine, 84,785 for MR1 vaccine, 166,697 for VZV1/2 vaccine,
252,037 for JE1-3 vaccine, 98,304 for MR2 vaccine, 106,669 for JE4
vaccine, and 72,143 for DT vaccine. Vaccination trends during the
study periods, by age and city, are shown in Fig. 2. The age of chil-
dren was classified as infancy, which includes the HepB and BCG
vaccines (Fig. 2a), age 1 year, including the MR1 and VZV1/2 vacci-
nes (Fig. 2b), age 3–4 years, including the JE1-3 vaccine (Fig. 2c),
age 5–6 years, including the MR2 vaccine (Fig. 2d), and age 9–
12 years, including the DT and JE4 vaccines (Fig. 2e). As age
increased, the degree of the reduction was more apparent. Before
the lifting of the national emergency, vaccination catch-up started
in all age groups. An exception to this was Kawasaki, where catch-
up started as early as April, the month the national emergency was
declared.

Furthermore, the number of vaccine doses significantly
increased in older age groups. The range of change in DT and the
JE4 vaccines was the largest in children aged 9–12 years (Fig. 2e).
All other age groups (Fig. 2b–e) except infants (Fig. 2a), exhibited
similar changes; the changes have been below zero since March,
except for a 7.3% increase for the BCG vaccine, in March in Kawa-
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Fig. 1. Changes in the child populations of the 4 study sites from 2016–2019 to 2020. Ch
with the average child population during 2016–2019 for each age category.
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saki, and a 0.6% increase for the HepB vaccine, in July in Niigata.
The degree of change has been stable over time.

Regarding measles-containing vaccines, the increase in the
number of doses administered, in relation to population change,
after March, was small for the MR1 vaccine (Fig. 2b), namely, the
increase was limited during April, May, and July in Kawasaki; dur-
ing June and July in Niigata; during April, June, and July in Naga-
saki; and during May, June, and August in Fuchu. The periods of
increase were longer for the MR2 vaccine and took place between
April and August in Kawasaki, between May and August in Niigata,
between April and August in Nagasaki, and between May and
September in Fuchu (Fig. 2d).
4. Discussion

This study revealed trends in childhood vaccination in Japan
during the COVID-19 pandemic. Although the number of vaccine
doses administered decreased in March and April 2020 in all age
groups, vaccine catch-up was observed later and was more fre-
quent in older age groups. The trends were similar for the 4 geo-
graphically distant cities. Maintaining sufficient vaccination
coverage is crucial in avoiding a resurgence of vaccine-
preventable diseases.

Regarding HepB vaccine in infants, after a considerable decrease
in March 2020, no reduction in vaccinations was apparent later
(June to September 2020) in the study. With regard to BCG vaccine
in infants, there was no considerable catch-up or increase in vacci-
nation as observed in other vaccines in older age groups except for
the peak in March in Kawasaki (Fig. 2a). In the United States, sim-
ilar to the current study, older children demonstrated more appar-
ent decrease in vaccination than younger children [13,14]. In
contrast, the catch-up vaccination was more apparent in children
aged�24 months than older children [14]. The pandemic had a dif-
ferential effect on vaccination practice for infants and older chil-
dren, which probably reflects the feelings of guardians. Those
caring for infants in Japan might be more cautious because of the
immaturity of their children and more concerned about contract-
ing COVID-19 when going outside for vaccinations.

The similarity of vaccination trends for the 4 sites contrasted
with the differences in the numbers of COVID-19 patients for the
respective prefectures (Fig. 3). Trends in the number of COVID-19
patients per million of the general population in each prefecture
and all of Japan were visualized by using a graphing website for
-4 years old 5-6 years old 9-12 years old
2.5 0.5 3.6
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ange in child population was calculated by comparing the child population in 2020
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Fig. 2. Changes in childhood vaccination in the 4 cities in January and September from 2016–2019 to 2020. Change in childhood vaccination was calculated by comparing the
number of vaccine doses in 2020 with the average number of vaccine doses during 2016–2019 for each month (until August in Kawasaki). The vaccines for each age category
were (a) HepB (solid lines) and BCG (dotted lines) for infancy, (b) MR1 (solid lines) and VZV1/2 (dotted lines) for age 1 year, (c) JE1-3 for age 3–4 years, (d) MR2 for age 5–
6 years, (e) JE4 (solid lines) and DT (dotted lines) for age 9–12 years. Abbreviations: COVID-19, coronavirus disease 2019; HepB, hepatitis B virus vaccine; BCG, Bacille de
Calmette et Guérin vaccine; MR1, first dose of measles and rubella vaccine; VZV1/2, first dose and second dose of varicella-zoster virus vaccine; JE1-3, primary series of 3
doses of Japanese encephalitis vaccine; MR2, second dose of measles and rubella vaccine; JE4, booster dose of Japanese encephalitis vaccine; DT, diphtheria-tetanus vaccine.

Y. Aizawa, T. Katsuta, H. Sakiyama et al. Vaccine 39 (2021) 4006–4012
COVID-19 [29]. As of September 30, 2020, the cumulative number
of COVID-19 patients, per million general population, was 653.87
in all of Japan. However, the rate differed significantly for the 4
sites: it was high in the Tokyo metropolitan area, e.g., in Kanagawa
Prefecture (749.95) and Tokyo (1848.43), and low in Niigata Pre-
fecture (76.47) and Nagasaki Prefecture (177.84). Overall, the
decrease in vaccine doses administered was most apparent in
March and April 2020, just before or coincident with the declara-
tion of the COVID-19 national emergency. In Kawasaki and Fuchu,
the decrease started as early as February. However, subsequent
changes in the number of vaccine doses administered in each site
were not much affected by the COVID-19 situation. For example,
a case surge in Nagasaki in July (Fig. 3), caused by a nosocomial
outbreak in a large hospital, did not change the number of doses
administered for most vaccines given during that period, although
there was a decrease in DT vaccine doses (�25.2%) in Nagasaki in
July 2020. If there had been a significant community outbreak,
the situation might have been different. The dissemination of
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information and resources from governments and the media might
have had a larger impact than local pandemic conditions on vacci-
nation behavior. In Kawasaki and Fuchu, the decrease in childhood
vaccinations occurred earlier than in the other 2 cities, possibly
because the COVID-19 expansion started in the Tokyo metropoli-
tan area.

Vaccine catch-up preceded the lifting of the national emergency
against COVID-19 (Fig. 2). After the statement by the COIID of the
JPS that routine childhood immunization is essential and urgent
[21], groups and organizations such as pediatricians, medical asso-
ciations, municipal offices, and the Ministry of Health, Labour and
Welfare promoted vaccination catch-up campaigns. The Nether-
lands successfully encouraged catch-up vaccination for the first
measles, mumps, and rubella vaccine, routinely scheduled at
14 months of age, although the effort was not completely success-
ful [18]. The keys to maintaining routine childhood immunization
during the COVID-19 pandemic include communication, to keep
guardians informed of the continuation of vaccination services,
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and provision of timely vaccinations and anti–COVID-19 measures
at clinics and hospitals where guardians present their children for
vaccination [30].

MR2 vaccine uptake has increased since June 2020 (Fig. 2d),
perhaps because of the above vaccination catch-up campaigns
and an emphasis on herd immunity against measles. The number
of measles cases dramatically decreased in Japan from 186 in
2017, 279 in 2018, and 744 in 2019 to only 13 in 2020 [31], most
likely because of limited cross-border travel in response to the
COVID-19 pandemic. International importation of the measles
virus has been the main cause of the few sporadic measles out-
breaks in Japan since its elimination [24,32,33]. Continuous atten-
tion should be paid to maintain high vaccination rates for the
future recommencement of cross-border travel, because of the
decrease in MR2 vaccination rates in September in Niigata and
Nagasaki. A decrease was also observed in the MR1 vaccine in all
4 cities at the end of the study period (Fig. 2b).

This study has limitations that warrant mention. First, we
were unable to calculate vaccination coverage rates because
our data did not include the numbers of eligible vaccinees by
month in each city. A nationwide electronic record system to
capture vaccine doses administered and the number of eligible
vaccinees is needed. Second, a sub-analysis of infants was not
possible because the data on the Hib, PCV13, and DTaP-IPV vac-
cines did not include the number of vaccine doses administered
each time. Last, we investigated only 4 cities—2 in the Tokyo
metropolitan area and 2 far from Tokyo. Other areas might have
different patterns of change in vaccines administered to children,
especially rural areas where COVID-19 had less impact than in
the 4 cities studied.

In conclusion, the COVID-19 pandemic affected routine child-
hood immunization in Japan. Despite the development of COVID-
19 vaccines, the future effects of the pandemic are unpredictable
because the duration of the effects of the new vaccines and their
effectiveness against SARS-CoV-2 variants are unknown [34]. The
threat to vaccination coverage might therefore continue or ree-
merge. A nationwide surveillance system should be established
to monitor vaccine uptake using electronic records. In addition,
educational activities should be provided to guardians, to encour-
age timely routine immunization.
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