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Influenza vaccination is recommended for children. In particular, those aged 6 months to 12 years were
recommended two vaccinations in Japan, whereas the recommended year range for the twice vaccination
is 6 months to 8 years by the World Health Organization (WHO). This study assessed the effectiveness of
influenza vaccination and whether the twice vaccinations enhanced preventive effects against influenza
infection among children living in two satellite cities of a metropolitan area in Tokyo, Japan. During the
influenza season of 2014-2018, parents of all preschool, elementary school, and junior high school children
participated in an annual survey. Adjusted odds ratios (AOR) with 95% confidence intervals (CIs) were
calculated via multivariate logistic regression analysis to evaluate influenza vaccination effectiveness and
trends in the number of vaccinations. Among the 108,362 children who received the research
questionnaire, 76,753 (70.8%) responded. After excluding responses without basic information, 64,586
children were included in the analysis. Vaccination was more effective in preschool and lower grade
elementary school children given the increase in the number of vaccinations (test for trend: P < 0.001).
The AOR of influenza for pre, grade 1 elementary, and grade 2 schoolchildren who received two
vaccinations was 0.63 (95% CI, 0.59-0.69), 0.75 (0.67-0.83), and 0.81 (0.71-0.92), respectively, when
compared to those without vaccination. However, no trend in vaccinations and their effectiveness was
observed in the third and higher-grade school children. Our findings support the recommendation by the
WHO, and could help guide influenza vaccination policies for children in Japan.
Keywords: children; influenza; Japan; satellite cities of metropolitan areas; vaccination
Tohoku J. Exp. Med., 2022 September, 258 (1), 69-78.
doi: 10.1620/tjem.2022.J057
morbidity and mortality (WHO 2012). In Japan, some epidemiological studies have confirmed the effectiveness of
influenza vaccination for schoolchildren (age 1-15 years)
(Shibata et al. 2018; Kuniyoshi et al. 2020), as well as
infants and toddlers (age 1-3 years) (Yokomichi et al.
2021). However, only a few studies have been available on
the effectiveness of influenza vaccination for each school
grade in Japan.
The WHO (2012) and Advisory Committee on

Introduction
Evidence has shown that influenza vaccines can reduce
cases of influenza among healthy children below 16 years
of age (Jefferson et al. 2018). The World Health
Organization (WHO) recommends influenza vaccination,
especially for children aged between 6 months and 5 years
considering that internationally available vaccines for the
control of seasonal influenza can prevent significant annual
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Immunization Practices (ACIP) [ARCHIVED Influenza
Immunization Publications (https://www.cdc.gov/vaccines/
hcp/acip-recs/vacc-specific/flu.html)] further recommend
that children aged 6 months to 8 years who have not
received seasonal influenza vaccine during the previous
influenza season should receive two vaccinations per year.
In Japan, two influenza vaccinations are recommended for
children aged 6 months to 12 years, whereas one vaccination is recommended for children aged ≥ 13 years (MHLW,
Ministry of Health, Labour and Welfare 2010). Although
vaccination conditions should differ according to country,
to the best of our knowledge, there is no robust evidence to
support this arranged vaccination condition among children
in Japan.
The current study assessed the effectiveness of influenza vaccination and whether the twice vaccinations
enhanced the preventive effect against influenza infection
among preschool (kindergarten or nursery school, 0-6 years
old), elementary school (7-12 years old), and junior high
school (13-15 years old) children in a metropolitan area of
Tokyo, Japan over five consecutive seasons from 2014 to
2018.

Materials and Methods
Study area
The study area comprised two cities, Toda and Warabi,
located north of Tokyo, Japan. The study region was 23.3
km2 (Toda: 18.2 km2 and Warabi: 5.1 km2) and had a population of 215,182 (Toda: 140,899 and Warabi: 74,283),
including a young population of 28,029 14-year-olds (Toda:
20,134 and Warabi: 7,895) in the 2020 census [Portal Site
of Official Statistic of Japan (https://www.e-stat.go.jp/en)].
Informed consent
Ethical approval for this study was obtained from the
Institutional Review Board of Todachuo General Hospital
(Number 0436). Informed consent was obtained from a
parent and/or legal guardian regarding the anonymized scientific evaluation of their reported data, and unidentifiable
information was used in the present study. All methods
were conducted in accordance with relevant guidelines and
regulations and were approved by the Institutional Review
Board of Todachuo General Hospital.
Study design
Throughout five consecutive seasons, from 2014 to
2018 (ending March 2019), an annual survey of parents of
children attending preschool (kindergarten or nursery
school), elementary school, and junior high school in the
Toda and Warabi regions was conducted. We collected the
questionnaire every June, with the responses pertaining to
the preceding season. The class schoolteacher collected the
questionnaire that the parents administered to their children.
The questionnaire obtained the following parent’s
responses regarding their children’s school grade: (1) preschool: infant younger than 3 years, 0-3 years old; the first

year, 4 years old; the second year, 5 years old; the third
year, 6 years old. (2) Elementary school: grade 1, 7 years
old; grade 2, 8 years old; grade 3, 9 years old; grade 4, 10
years old; grade 5, 11 years old; and grade 6, 12 years old.
(3) Junior high school: grade 1, 13 years old; grade 2, 14
years old; grade 3, 15 years old. Given that Japan does not
have a system for staying in school during the compulsory
education period and that the school year starts in April, the
ages of the children at the end of each season were always
the same in each grade. We further obtained the following
information: sex, siblings, underlying diseases, frequency
of the hand washing (none, somewhat, and frequently), frequency of wearing a mask (none, somewhat, and frequently), vaccination status with date (none, vaccinated
once during the season, and vaccinated twice during the
season), and date of influenza infection if experienced during the season.
We excluded respondents who did not provide basic
information regarding school grade, sex, siblings, underlying diseases, date of vaccination, and date of influenza (n =
4,445) and received influenza vaccination before September
30 or suffered from influenza after April 1 of each season (n
= 7,722) (El Guerche-Séblain et al. 2019; Kuniyoshi et al.
2020).
A total of 76,753 responses were collected using the
survey conducted via post mail on 108,362 parents of children attending preschool, elementary school, or junior high
school during the 2014 to 2018 seasons (questionnaire collection rate, 70.8%). The present analysis, therefore, consisted of 64,586 respondents (Fig. 1).
Statistical analysis
After analyzing pooled data, results for five consecutive seasons were presented (2014, 2015, 2016, 2017, and
2018). Additionally, three seasons were extracted and analyzed, excluding the 2014 and 2016 seasons for sensitivity
analysis given that the Infectious Agents Surveillance
Report from the National Institute of Infectious Diseases
reported that influenza strains of the main epidemic in the
2014 and 2016 differed from candidate influenza vaccine
strains for the 2014 (Sugaya et al. 2018) and 2016 season
(National Institute of Infectious Diseases 2015) in Japan.
The characteristics of the children were compared
according to vaccination status. Categorical variables were
compared using the chi-squared test.
To determine the effects of the influenza vaccination,
logistic regression analysis was used to determine the crude
odds ratio (OR) with 95% confidence intervals (CIs) for
preschool, elementary school, and junior high school children. Additionally, explanatory variables were adjusted for
independent variables [vaccination status, school grade,
siblings, underlying diseases, frequency of the hand washing, frequency of the mask wearing, and season (1: 2014, 2:
2015, 3: 2016, 4: 2017, 5: 2018)] using multivariate logistic
regression analysis. For trend evaluation in influenza infection with increasing vaccination status (test for trend), vac-
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Fig. 1. Study population selection.

cination status was treated as a continuous variable in the
multivariate logistic model.
The goodness of fit of the model (P > 0.05) was
checked using the Hosmer–Lemeshow test. If the model
was unfit (P ≤ 0.05), the interaction between vaccination
status and each factor was confirmed. Subgroup analysis
was then performed using variables that showed significant
interaction.
Statistical analyses were conducted using SAS
(Statistical Analysis Software 9.4, SAS Institute Inc., Cary,
NC, USA).

Results
The characteristics of the 64,586 children and those
according to each school are displayed in Tables 1 and 2,
respectively. With regard to influenza vaccination, 8.0%
and 51.4% preschool children were given one and two
influenza vaccinations, respectively. Moreover, 10.7% and
35.3% of the elementary school children received one and
two shots, whereas 21.9% and 11.5% of those junior high
school children received the same, respectively (Table 1).
Among the included children, 50.4% were female, with
most of the children having brothers and/or sisters and no
underlying medical problems. Most of the children per-

formed hand washing (Tables 1 and 2). Moreover, approximately 50% of the preschool children did not wear the
mask, whereas most of the elementary or school junior high
school children wore masks (Table 2). The number of children in each season according to each school is displayed in
Table 3.
The association between vaccination status and influenza infection is shown in Table 3 (number of influenza
infection and OR) and adjusted OR (AOR) is demonstrated
in Fig. 2. With regard to the fit of the model, the multivariate logistic regression model showed a statistically good fit
in the preschool (Hosmer–Lemeshow test, P = 0.87) and
junior high school students (Hosmer–Lemeshow test, P =
0.73) and a poor fit in elementary school students (Hosmer–
Lemeshow test, P < 0.001). Therefore, the multivariate
logistic regression models were constructed according to
each school grade considering the interaction between vaccination status and school grade as a subgroup analysis in
elementary school children.
Among preschool and grade 1 and 2 elementary school
children, a linear trend was observed between the AOR and
number of vaccination (test for trend, P < 0.001).
Compared to no vaccination, the AOR for one and two
influenza vaccinations was 0.83 (95% CI, 0.72-0.96) and
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Table 1. Characteristics of children.
Variables

School category
Preschool
≤3y
1st year (4 y)
2nd year (5 y)
3rd year (6 y)
Elementary school
Grade 1 (7 y)
Grade 2 (8 y)
Grade 3 (9 y)
Grade 4 (10 y)
Grade 5 (11 y)
Grade 6 (12 y)
Junior high school
Grade 1 (13 y)
Grade 2 (14 y)
Grade 3 (15 y)
Sex (male)
Siblings
Underlying medical problem
Hand washing
No
Somewhat
Frequently
Mask wearing
No
Somewhat
Frequently

Total
(n = 64,586)

Number of vaccinations
No
(n = 34,107)

Once
(n = 7,845)

Twice
(n = 22,634)

17,260
  6,211
4,103
4,161
2,785
34,966
8,186
5,803
5,807
6,311
5,344
3,515
12,360
5,768
4,301
2,291
32,039
50,756
5,347

7,009 (40.6)
2,780 (44.8)
1,546 (37.7)
1,597 (38.4)
1,086 (39.0)
18,869 (54.0)
3,772 (46.1)
3,038 (52.4)
3,153 (54.3)
3,506 (55.5)
3,188 (59.7)
2,212 (62.9)
8,229 (66.6)
3,690 (64.0)
2,897 (67.3)
1,642 (71.7)
16,850 (49.4)
27,550 (80.8)
2,432 (7.1)

1,385 (8.0)
384 (6.2)
326 (7.9)
376 (9.0)
  299 (10.7)
3,750 (10.7)
  853 (10.4)
  617 (10.6)
  626 (10.8)
  675 (10.7)
  577 (10.8)
  402 (11.5)
2,710 (21.9)
  933 (16.2)
1,186 (27.6)
  591 (25.8)
3,925 (50.0)
6,348 (80.9)
668 (8.5)

8,866 (51.4)
3,047(49.0)
2,231 (54.4)
2,188 (52.6)
1,400 (50.3)
12,347 (35.3)
3,561 (43.5)
2,148 (37.0)
2,028 (34.9)
2,130 (33.8)
1,579 (29.5)
  901 (25.6)
1,421 (11.5)
1,145 (19.8)
218 (5.1)
  58 (2.5)
11,264 (49.8)
16,858 (74.5)
2,247 (9.9)

3,645
15,166
45,744

2,779 (76.2)
9,756 (64.3)
21,555 (47.1)

247 (6.8)
1,714 (11.3)
5,879 (12.9)

  619 (17.0)
3,696 (24.4)
18,310 (40.0)

23,405
17,799
23,282

12,328 (52.7)
9,991 (56.1)
11,724 (50.4)

2,365 (10.1)
2,082 (11.7)
3,387 (14.5)

8,712 (37.2)
5,726 (32.2)
8,171 (35.1)

The number (percentage for those according to the number of vaccination) of children who
fulfilled each variable were shown. Data on hand washing and mask wearing were missing in 31
and 100 children, respectively. Categorical variables were compared using the chi-squared test.
Significant differences (P < 0.001) were observed except sex (P = 0.51).

0.63 (95% CI, 0.59-0.69) for preschool children, 0.81 (95%
CI, 0.68-0.96) and 0.75 (95% CI, 0.67-0.83) for grade 1
elementary school children, and 0.82 (95% CI, 0.67-1.00)
and 0.81 (95% CI, 0.71-0.92) for grade 2 elementary school
children.
For grade 3, 4, 5, and 6 elementary school and junior
high school students, the linear trend test showed no significant association between AOR and number of vaccination
(test for trend, P = 0.27, P = 0.39, P = 0.085, P = 0.077,
and P = 0.23, respectively), and no enhanced effectiveness
of the influenza vaccination was observed. Compared to no
vaccination, AORs in the aforementioned elementary
school grade children were 0.84 (95% CI, 0.68-1.03), 1.29
(95% CI, 1.05-1.57), 0.82 (95% CI, 0.65-1.03), and 0.95
(95% CI, 0.73-1.22) for one influenza vaccination and 0.93

(95% CI, 0.82-1.07), 1.05 (95% CI, 0.91-1.21), 0.88 (95%
CI, 0.76-1.03), and 0.84 (95% CI, 0.69-1.02) for two influenza vaccinations, respectively. Moreover, the AOR for
influenza was 0.97 (95% CI, 0.86-1.08) for one influenza
vaccination and 0.91 (95% CI, 0.79-1.06) for two influenza
vaccinations in junior high school students.
For sensitivity analysis, we analyzed for three seasons
excluding the 2014 and 2016 seasons. Notably, the
obtained results were similar to those of the analysis for the
five consecutive seasons excluding those for grade 2 elementary school children, in whom no increasing trend in
the number of vaccination (test for trend, P = 0.093) and
effectiveness of two vaccinations (AOR, 0.88; 95% CI,
0.74-1.03) were observed over the three selected seasons.
However, a similar trend was found in the results for the

682 (49.2)
989 (71.4)
112 (8.1)
39 (4.0)
276 (8.1)
1,070 (8.3)
704 (7.6)
307 (7.8)
374 (9.3)

  656 (67.8)
1,728 (50.6)
4,621 (35.9)

3,824 (41.2)
1,706 (43.2)
1,461 (36.5)

Once
(n = 1,835)

3,456 (49.3)
4,946 (70.6)
483 (6.9)

No
(n = 7,009)

4,752 (51.2)
1,938 (49.1)
2,166 (54.1)

  273 (28.2)
1,414 (41.4)
7,175 (55.8)

4,473 (50.5)
6,085 (68.6)
802 (9.1)

Twice
(n = 8,866)

6,284 (57.4)
6,052 (57.0)
6,499 (48.7)

1,247 (76.6)
5,263 (65.5)
12,348 (48.8)

15,670 (83.1)
1,376 (7.3)

9,376 (49.7)

No
(n = 18,869)

1,053 (9.6)
1,128 (10.6)
1,564 (11.7)

  98 (6.0)
793 (9.9)
2,855 (11.3)

1,903 (50.8)
3,101 (82.7)
328 (8.8)

Once
(n = 3,750)

Elementary school

3,620 (33.0)
3,437 (32.4)
5,275 (39.5)

  284 (17.4)
1,973 (24.6)
10,086 (39.9)

6,099 (49.4)
9,621 (77.9)
1,283 (10.4)

Twice
(n = 12,347)

2,220 (70.1)
2,233 (69.1)
3,764 (63.3)

  876 (83.6)
2,765 (74.3)
4,586 (60.5)

4,018 (48.8)
6,934 (84.3)
573 (7.0)

No
(n = 8,229)

  608 (19.2)
  647 (20.0)
1,449 (24.4)

  110 (10.5)
  645 (17.3)
1,954 (25.7)

1,340 (49.5)
2,258 (83.3)
228 (8.4)

Once
(n = 2,710)

Junior high school

340 (10.7)
351 (10.9)
730 (12.3)

62 (5.9)
309 (8.4)
1,049 (13.8)

1,152 (81.1)
162 (11.4)

692 (48.7)

Twice
(n = 1,421)

1,834
(13.1)

1,323
(11.0)

1,438
(11.4)

1,577
(12.3)

1,673
(12.7)

6,665
(47.7)

6,316
(52.6)

6,719
(53.3)

7,272
(56.9)

7,135
(54.0)

2014

2015

2016

2017

2018

4,398
(33.3)

3,934
(30.8)

4,459
(35.3)

4,381
(36.5)

5,462
(39.1)

Twice

1,362
(41.2)

1,536
(44.2)

1,367
(40.8)

1,398
(42.1)

1,346
(35.3)

No

292
(8.8)

321
(9.3)

227
(6.8)

210
(6.3)

335
(8.8)

Once

Preschool

1,656
(50.0)

1,615
(46.5)

1,754
(52.4)

1,713
(51.6)

2,128
(55.9)

Twice

4,252
(55.6)

3,968
(58.3)

3,688
(54.3)

3,446
(53.5)

3,515
(48.4)

No

886
(11.6)

758
(11.1)

689
(10.1)

615
(9.5)

802
(11.0)

Once

Elementary school

2,514
(32.9)

2,081
(30.6)

2,416
(35.6)

2,384
(37.0)

2,952
(40.6)

Twice

1,521
(67.8)

1,768
(70.6)

1,664
(67.2)

1,472
(65.3)

1,804
(62.6)

No

495
(22.1)

498
(19.9)

522
(21.1)

498
(22.1)

697
(24.2)

Once

Junior high school

228
(10.1)

238
(9.5)

289
(11.7)

284
(12.6)

382
(13.2)

Twice

The number (percentage) of children according to the consecutive season and the number of vaccinations (no, once, or twice) among all children and each school category
were shown. Preschool consists of kindergarten and nursery schools, and details of the school categories are described in the Study design section.

Once

No

Season

Total

School category

Table 3. The number of children in each season according to the number of vaccinations (no, once, or twice).

The number (percentage) of children who fulfilled each variable according to the number of vaccinations (no, once, or twice) were shown. Data on hand washing and mask wearing
were missing in 31 (8, 19, and 4 for preschool, elementary school, and junior high school) and 100 (28, 54, and 18 for preschool, elementary school, and junior high school) children, respectively.

Sex (male)
Siblings
Underlying medical problem
Hand washing
No
Somewhat
Frequently
Mask wearing
No
Somewhat
Frequently

Variables

Preschool

Table 2. Characteristics of children according to school category.
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Fig. 2. Adjusted odds ratios for influenza infection in each school category.
The goodness of fit of the model was determined using the Hosmer–Lemeshow test in preschool (P = 0.87) and junior
high school (P = 0.73) children. For elementary school children, the model demonstrates a poor fit (Hosmer–Lemeshow
test, P < 0.001). The logistic regression model was created according to each grade because of the significant interaction between vaccine and grade (P = 0.015).
*Adjusted odds ratios (AORs) with 95% confidence interval (CI) were adjusted for school grade, sex, siblings, underlying diseases, frequency of the hand washing, frequency of the mask wearing, and seasons.
**P values denote the trend evaluation of influenza infection with increasing vaccination status (test for trend).

five consecutive seasons (Fig. 3). Finally, AORs of the
influenza infection according to the vaccination status when
children with a single influenza vaccination were set as references are demonstrated in Fig. 4. Grossly, point estimates
of the AOR were between those with no and two influenza
vaccinations; however, statistically significant decreases in
AOR among children with two vaccinations were not
observed except for preschool children (AOR, 0.76; 95%
CI, 0.66-0.88).

Discussion
After adjusting for confounding factors, the results of
the current observational study demonstrated that the twice
vaccinations enhanced preventive effects against influenza
infection among preschool and lower grade (grade 1 and 2)
elementary school children (Table 4 and Fig. 2) by the trend
test. However, no trend in the number of vaccinations and
its effectiveness was observed in the third and higher-grade
elementary school and junior high school children (Table 4
and Fig. 2). Although the direct comparison provided no

significant differences between one and two vaccinations
among children of the first and higher-grade elementary
school (Fig. 4), the recommendation by WHO and ACIP
that children aged 6 months to 8 years should receive two
doses would be reasonable based on the present study.
The current study found the trend of vaccinations for ≤
2 grade of elementary school, and statistically significant
decrease in AOR was observed for preschool children.
Katayose et al. (2011) reported that two vaccination doses
of trivalent inactivated influenza vaccine were effective at
preventing influenza for children aged 6 months to 6 years.
However, Lin et al. (2016) described that two-dose compliance remained low in children aged < 9 years, especially in
older children (2-8 years) from the 2010-11 through the
2014-15 influenza vaccination season, which impacted full
influenza vaccination coverage. Our findings can be considered as supportive evidence for parents and children
about the recommendation of two influenza vaccinations
among children ≤ 8 years old, though cannot be pushed too
far.
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Fig. 3. Adjusted odds ratios for influenza infection in each school category (2015, 2017, and 2018 seasons).
The goodness of fit of the model was determined using the Hosmer–Lemeshow test in preschool (P = 0.67) and junior
high school (P = 0.10) children. For elementary school children, the model showed a poor fit (Hosmer–Lemeshow test,
P < 0.001). The logistic regression model was created according to each grade because of the significant interaction between vaccine and grade (P = 0.006).
*Adjusted odds ratios (AORs) with 95% confidence interval (CI) were adjusted for school grade, sex, sibling, underlying disease, frequency of the hand washing, frequency of mask wearing, and seasons.
**P values denote the trend evaluation of influenza infection with increasing vaccination status (test for trend).

The current findings on the effectiveness of influenza
vaccinations for preschool and lower grade elementary
school children are similar to that of the summary of the
2013 to 2017 influenza season report from the MHLWfunded study group for children of preschool in Japan
(National Institute of Infectious Diseases 2019). In contrast, a cohort study for nursery school children in China
showed that influenza vaccine protection did not significantly differ between vaccinated and unvaccinated children
but that influenza vaccination significantly reduced the incidence of developing influenza-like illness (Wang et al.
2018). Moreover, a previous study conducted according to
test-negative case-control design showed that the AOR
(none vs. twice) was 0.68 (95% CI, 0.61-0.75) for elementary school children aged 6-12 years during the 2013-2017
season (Shinjoh et al. 2019). In addition, an epidemiological study based on a self-reported questionnaire indicated
that the effectiveness of vaccination was better in lower
(grade 1-3) grade groups than higher grade (grade 4-6)
groups in 2014 (Uchida et al. 2017). In line with this, our
results showed that the vaccine was effective only for grade

1 and 2 elementary school children. For junior high school
children, a previous study (National Institute of Infectious
Diseases 2017) utilizing the test-negative case-control
design reported low or nonsignificant influenza vaccine
effectiveness for 13- to 15-year-old children during the
2015 season in Japan, which was similar to our results. The
study design and setting of study population might account
for the differences in the effectiveness of influenza vaccination. Another reason for these differences might be our
analysis of five consecutive seasons (2014-2018) considering that influenza strains of the main epidemic in the 2014
and 2016 differed from that of the candidate influenza vaccine strains in Japan (National Institute of Infectious
Diseases 2015; Sugaya et al. 2018). However, our sensitivity analysis for three seasons excluding the 2014 and 2016
seasons showed a trend similar to that observed for the five
consecutive seasons (Fig. 3). A previous study described
that among children under the age of 16 years, influenza
vaccines likely reduced influenza infection rates and could
potentially reduce influenza-like illness (ILI) over a single
influenza season. Apart from the variable certainty of the
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Fig. 4. Adjusted odds ratios for influenza infection in each school category when children with a single vaccination are set as
the reference.
*Adjusted odds ratios (AORs) with 95% confidence interval (CI) were adjusted for school grade, sex, sibling, underlying disease, frequency of the hand washing, frequency of mask wearing, and seasons.

evidence, decision-makers should be aware of the wide
variation in absolute effects for protection against influenza
and ILI, in the context of local or national policy making
(Jefferson et al. 2018).
With regard to public health implications, Lutz et al.
(2020) suggested that overall efforts should be mostly
directed toward improving awareness regarding the recommendations, safety, and effectiveness of influenza vaccination among younger adults. Similar efforts might be needed
for children. In light of the WHO position paper, countries
should consider reviewing or developing their seasonal
influenza vaccination policies or recommendations to
reduce morbidity and mortality associated with annual epidemics and as part of ongoing efforts for pandemic preparedness (Members of the Western Pacific Region Global
Influenza Surveillance Response System et al. 2013). A
global review of national influenza immunization policies
suggested that knowledge of the factors influencing the
development of influenza immunization policies would be
of considerable significance for improving efforts aimed at
increasing influenza vaccine use globally (Ortiz et al. 2016).
Additionally, early knowledge regarding influenza vaccine
effectiveness might contribute to the adoption of other

countermeasures in scenarios wherein vaccine protective
effects against seasonal epidemics are suboptimal (JiménezJorge et al. 2015). The most appropriate vaccination policy
should be established based on obtained data (Shinjoh et al.
2015). The results presented herein can be used as the reference to guide influenza vaccination policies for children
in Japan.
Our study has several limitations worth noting. First,
it was difficult to definitively conclude the effectiveness of
influenza vaccination considering that this study was not a
randomized controlled trial (RCT). However, RCTs do not
provide generalizable results given the limited population.
Our results showed high generalizability considering that
the population was collected after extensive investigation
and the obtained results were adjusted for main factors.
Second, our surveillance was performed for only a few
months after the corresponding season. Therefore, recall
bias might have affected the results due to the method in
which vaccination information and influenza cases had been
determined, although exclusion criteria had been established to obtain accurate dates. Third, we used a questionnaire that did not request detailed medical information;
therefore, the answers might not be accurate. However, we

0.78 (0.70-0.87)
0.83 (0.74-0.95)
0.96 (0.84-1.09)
1.00 (0.87-1.15)
0.90 (0.77-1.04)
0.88 (0.73-1.07)
0.96 (0.83-1.11)

0.65 (0.60-0.70)

838/3,561
540/2,148
489/2,028
395/2,130
313/1,579
188/901
260/1,421
0.82 (0.69-0.97)
0.83 (0.68-1.02)
0.85 (0.69-1.05)
1.28 (1.05-1.56)
0.83 (0.66-1.04)
0.97 (0.75-1.25)
0.96 (0.85-1.07)

1,408/8,866
0.86 (0.74-0.99)

Odds ratio
(95% CI)

Influenza infection/
Population, n

Twice

209/853
155/617
138/626
152/675
107/577
90/402
493/2,710
1,068/3,772
872/3,038
786/3,153
649/3,506
689/3,188
508/2,212
1,553/8,229

The reference group was set to children with no vaccination.
CI, confidence interval.

276/1,385
1,578/7,009

Preschool
Elementary school
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5
Grade 6
Junior high school

Influenza infection/
Population, n
School category

Influenza infection/
Population, n

Once
No

Table 4. The number and crude odds ratio of influenza infection among children in each school category (2014-2018).

Odds ratio
(95% CI)
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emphasize that the influenza antigen rapid test is widely
available in Japan, and, in most cases, patients with a fever
who visit an outpatient clinic are routinely assessed using
the test kit to detect the presence and type of influenza. We
are thus confident regarding the diagnosis of influenza,
despite having been based on the questionnaire. Fourth,
despite our best efforts to adjust for independent variables
using multivariate logistic regression analysis, it is likely
that some inherent characteristics of the children, including
recruitment heterogeneity, could not be accounted for due
to pooling of the data across seasons. Furthermore, we
could not exclude duplicated participants across seasons,
given that the information did not enable the identification
of a specific individual for each season. This is a significant
limitation of this type of panel data survey, although similar
studies have assessed the effect of influenza vaccination
based on pooled data without personal identifiers of consecutive seasons (Sofia Arriola et al. 2019). Finally, our survey
was completed in March 2019 and was not affected by the
COVID-19 pandemic and related confounding circumstances. Whether the current estimates regarding the influenza epidemic will be applicable after the COVID-19 pandemic has subsided remains unknown. This issue remains
true for the epidemiology of most infectious diseases.
Additionally, although the restriction of activities before the
COVID-19 pandemic might have affected our results, our
analysis had been adjusted for the frequency of hand washing and mask wearing.
In conclusion, our study on the 2014-2018 influenza
seasons for preschool, elementary school, and junior high
school children in satellite cities of a metropolitan area of
Tokyo in Japan demonstrated the effectiveness of the influenza vaccination, with the trend of vaccinations among preschool and lower grade elementary school children. These
findings support the recommendation by WHO and ACIP
that children aged 6 months to 8 years old, and could help
guide influenza vaccination policies for children in Japan.
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