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with low epidemic level of seasonal
influenza in elementary schools: an
observational study in Matsumoto City,
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Abstract

Background: Influenza virus transmission may be prevented by infection control measures, including vaccination,
wearing a mask, gargling with water, and hand washing. It is unclear, however, whether these measures affect
influenza epidemics in school settings.

Methods: A prospective epidemiological survey in all public elementary schools in Matsumoto City, Japan, during the
2014/2015 season evaluated the number of diagnosed patients in each school and calculated the reproduction
number of schoolchildren. At the end of the prospective survey, a cross-sectional survey evaluated the implementation
of infection control measures in these schools. Both results were combined and associations among infection control
measures including vaccination, mask wearing, hand washing, water gargling, and epidemic level were evaluated.

Results: Of the 13,217 schoolchildren in 29 schools, 2548 were diagnosed with seasonal influenza. A significant
negative association was observed between vaccination coverage and reproduction number at each school,
but not between other infection control measures and the reproduction number. A regression curve with exponential
function was most predictive. At 0% vaccination, the reproduction number was estimated to be 1.39.

Conclusion: These findings provide evidence that high vaccination coverage was associated with reduced epidemic
levels in schools and suggest the need for increased vaccination of schoolchildren.
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Background
Seasonal influenza is a common infectious disease that
usually spreads among children. Although several influ-
enza control measures have been implemented in
children to reduce or prevent virus transmission [1], sea-
sonal influenza shows yearly outbreaks and remains a
major disease throughout the world [2]. These yearly
outbreaks are thought to be caused not only by continu-
ous evolution of the influenza virus [3], but by the

behavior and activities of children. Specific contact pat-
terns in children can affect virus transmission [4].
Two categories of influenza control measures are

generally used to prevent influenza virus transmis-
sion: pharmaceutical and non-pharmaceutical inter-
ventions [5]. The primary form of pharmaceutical
intervention is vaccination, which has been shown to
prevent severe outcomes caused by influenza viruses
[2]. Vaccination has a direct effect in individuals,
strengthening their level of immunization, as well as
having an indirect effect in patients, including the
induction of herd immunity [6, 7].
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Non-pharmaceutical interventions (NPIs) are thought
to be useful when vaccination is insufficient or inappro-
priate. NPIs to prevent virus transmission can include
wearing a mask [8, 9], hand washing [10, 11] and garg-
ling with water [12]. While protective effects of NPIs are
expected, studies assessing the efficacy and effective-
ness of these methods have shown inconsistent results
[13, 14], primarily due to differences in sample sizes
and study settings.
Although many experimental and epidemiological

studies have evaluated the association between interven-
tional measures and influenza prevention, fewer studies
have assessed the efficacy and effectiveness of these mea-
sures in school settings. Collective implementation of
these influenza control measures varies among schools,
with these variations possibly affecting the epidemic
level of influenza in these schools. Differences in the epi-
demic level of seasonal influenza among schools may be
clarified by epidemiological studies of all schools within
a specific community, allowing factors affecting these
differences to be determined.
An observational epidemiological study was therefore

performed, involving children enrolled at all schools in
Matsumoto City, Japan, during the 2014/2015 seasonal
influenza period [15, 16]. Information was obtained
about the diagnosis of seasonal influenza and individual
infection control measures among children in all elem-
entary schools. Although these previous studies showed
associations between vaccination and mask wearing and
prevention of influenza symptom onset at an individual
level, the question of whether those measures also pre-
vent epidemic levels in each school remains. In this
study, the associations between collective infection con-
trol measures and the epidemic level at these schools
were evaluated.

Methods
Study subjects
This observational epidemiological study assessed sea-
sonal influenza during the 2014/2015 season among elem-
entary schoolchildren in Matsumoto City, Japan [15, 16].
This suburban city is located in the center of Japan and
has a population of about 240,000 individuals. The city
contains 29 public elementary schools with 13,217 school-
children aged 7–12 years, corresponding to 97% of the
school-aged population. The study subjects include all
these children, not their parents/guardians or teachers.

Two step survey
Detailed study methods were described previously
[15, 16]. This study utilized a two-step survey. In
brief, the first survey, performed from October 2014
to the end of February 2015 [15], was designed to
evaluate influenza epidemic dynamics in schoolchildren

throughout an entire community. In Japan, the parents or
guardians of schoolchildren who are symptomatic and
have been diagnosed with seasonal influenza at medical
institutions must submit a certified note to the child’s
school. This note is initially given by the school to the par-
ent or guardian when they inform the school that their
child has been diagnosed as influenza. These children are
not allowed to return to school until recovery to prevent
transmission of the virus. The certified note includes in-
formation about the diagnosis at medical institutions. In
this study, schoolchildren diagnosed at medical institu-
tions were defined as having influenza.
At the time the note was distributed to the child’s

household, a questionnaire was also distributed. The
questionnaire included questions about date of fever
onset and duration of fever (description); diagnosis at
medical institution (yes/no) and, if yes, influenza sub-
type (type A, type B, unknown), and number of days
not attending school (description). Responses were
obtained from 2548 children, corresponding to 96.1%
of all children who received a note from school about
influenza diagnosis. Of the 29 schools, one was con-
firmed as having no cases of influenza. According to
this first survey, it gave information of epidemic levels
in respective schools.
The second survey was performed at the end of February

2015 and involved all schoolchildren in Matsumoto City
[16]. This second survey was designed to assess the
implementation of infection control measures re-
ported by children with and without influenza to clar-
ify the factors associated with onset of influenza at
the individual and community level. Questionnaire in
the second survey included questions on experience
with the 2014/2015 seasonal influenza (yes/no), and,
if yes, the data of onset (calendar month) and diagno-
sis by a medical institution (yes/no). A question on
vaccination was included (yes/no), and, if yes, the cal-
endar month. Subjects were regarded as vaccinated if
they received at least one dose of vaccine. Questions
were also asked about the use of NPIs anywhere or
anytime, including habitual mask wearing (yes/no),
habitual water gargling (yes/no) and habitual hand
washing with water (yes/no). Frequencies of NPIs
were not evaluated and only experiential information
was obtained. Questionnaires were returned from
11,390 (86.2%) of the 13,217 children. After excluding
questionnaires with missing data, data from 10,524 chil-
dren were analyzed. The second survey determined the
proportions of each infection control measure applied.
The second-hand data of the above two reports were

combined and divided into school units in this study. In
each school, the association between a proportion of
individual infection control measures and respective epi-
demic level was evaluated.
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Calculation of epidemic levels at individual schools
Influenza is a communicable disease which differs from
other diseases that occur independently. An infection
scale which measures or predicts transmission of the
disease among a population is required to consider the
epidemic level in each school. The infectiousness of a
disease can be determined by calculating its basic
reproduction number (R0), allowing an epidemic level to
be estimated. The R0 of seasonal influenza is generally
around 1.3 [17]. Reproduction number can be estimated
using a mathematical SIR model and the number of in-
fected individuals [18] using the formula:

R0 ¼ − ln 1−pð Þ=p
where p is the proportion of final size of infected
individuals.
Because this study was based on questionnaires, sub-

jects who were asymptomatic or had mild symptoms
and who were not diagnosed at medical institutions were
not evaluated. Moreover, because infection control mea-
sures, such as vaccination or NPIs, were implemented at
the level of individuals, a partially effective reproduction
number, which considers the effect of several infection
control measures, was calculated. A simple reproduction
number (R), based on the number of diagnosed children
was applied.

R ¼ − ln 1−pð Þ=p
where p is the proportion of children diagnosed at each
school.

Herd immunity
Determination of a basic reproduction number allows
calculations of minimal vaccination coverage to prevent
the outbreak of an epidemic. This coverage is generally
associated with herd immunity [6, 19]. A least coverage
“P” of vaccination is usually calculated as:

P ¼ 1–ð1=R0Þ
Furthermore, if vaccine efficacy was imperfect, the for-

mula was divided as efficacious proportion ε.

P ¼ f1–ð1=R0Þg=ε
In this study, the required herd immunity level was

calculated based on R0 and ε.

Statistical analysis
If the R0 is stable, greater implementation of infection
control measures may decrease the epidemic level at a
school and lower the R. Although our previous study
showed that some NPIs had slight correlations with each
other at the individual level [16], in the present study,
we aimed to determine whether there was any association

between the proportion of these measures adopted in each
school and the epidemic level. Therefore, the association
between infection control measures and R was assessed by
correlation independently. Because data were not distrib-
uted normally, Spearman’s correlation analysis was used,
with p < 0.05 defined as statistically significant, with sig-
nificant correlations further analyzed by regression ana-
lysis. Three types of regression curves were drawn. Linear
models were calculated with the least squares method. In
addition, a maximum log-likelihood method was used to
develop a generalized linear model (GLM) with exponen-
tial function. In the latter method, the R for gamma distri-
bution was fitted for estimation. Akaike’s Information
Criterion (AIC) values were calculated for prediction and
regression curves, with the most predictive model de-
fined as that with the lowest AIC. Statistical analyses
were performed using SPSS ver22.0 (CA, USA) and R
software (ver. 3.3.0).

Results
The descriptive epidemiology of the epidemic has been
reported previously [15]. In brief, the seasonal influenza
epidemic started at the end of November 2014 and fin-
ished at the end of February 2015. The first peak oc-
curred at the end of December 2014, and after winter
recess, second peak occurred in the fifth week of 2015.
In first survey, responses were received for 2548 chil-
dren. Almost all of these children were diagnosed at
medical institutions using rapid diagnostic kits, with a
few diagnosed by having symptoms of an influenza like
illness. None was diagnosed by laboratory confirmation.
Of the infected patients, 95.0% were diagnosed with type
A influenza, in agreement with a national report that in-
fluenza AH3 had spread throughout this influenza sea-
son in Japan [20]. The vaccine used in Japan during this
season was directed against three strains: A/California/
7/2009(H1N1)pdm09, A/New York/39/2012(H3N2) and
B/Massachusetts/2/2012 [20]. Although some classes
were closed due to the epidemic, entire schools were not
closed. Rs and the proportions of infection control mea-
sures at each school were calculated (Table 1). As one
school had no affected students, Rs were calculated for
the other 28 schools [15]. These Rs ranged from 1.04 to
1.39. Consequently, the proportions of infection control
measures were calculated in each school according to
the second survey. When correlations between Rs and
each infection control measure were calculated (Fig. 1a-d),
a significant negative correlation was observed between
vaccination coverage and R (ρ (rho) = − 0.413, p = 0.029).
In contrast, Rs did not correlate significantly with the
other infection control measures, including wearing
masks (ρ = − 0.056, p = 0.776), hand washing (ρ = 0.105,
p = 0.594) and gargling (ρ = 0.257, p = 0.187).
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Regression model was used to show the relationship
between vaccination coverage and Rs (Fig. 2). The re-
gression curve with the solid line was obtained from ob-
served data, showing a negative association between
high vaccine coverage and Rs. Using the GLM method, a
regression curve with an exponential function (y =
exp(0.3314–0.452×)) was most predictive, with the
lowest AIC (− 74.55). Other predictive curves using a
quadratic equation y = 0.9764 × 2–1.2861× + 1.5091 (AIC
-73.48) or a linear equation y = − 0.5445× + 1.383 (AIC
-73.14) were inferior. The regression curve showed that,
if none of the schoolchildren at a school was vaccinated
(vaccination rate 0%), the R at that school would be
1.39. Additionally, required vaccine coverage lines were
plotted in the figure. The vaccine efficacy “ε” was hy-
pothesized with 1.0, 0.75 and 0.5. When the efficacy
value became lower, the dashed line was pushed down

and a cross point between the regression curve and
the required vaccine coverage curve moved right-
wards. If the efficacy was 0.5, the required vaccine
coverage was indicated as around 35%.

Discussion
Although seasonal influenza infection was common
among schoolchildren, the reasons underlying differ-
ences in the influenza epidemic level among schools
have been unclear. We previously showed that the num-
ber of schoolchildren at each school did not correlate
significantly with epidemic level [15]. As a follow-up, we
assessed whether implementation of infection control
measures correlated with influenza epidemic level at
each school. Implementation of infection control mea-
sures by children was included in questionnaires, allow-
ing the proportion of children implementing these

Table 1 Relationship between reproduction number (R) and infection control measures in 29 schools in Matsumoto City, Japan

School Number Number of Children Number Infected R Vaccination Wearing mask Hand washing Gargling

1 382 30 1.04 0.47 0.48 0.77 0.64

2 931 107 1.06 0.48 0.53 0.80 0.65

3 37 6 1.09 0.34 0.41 0.75 0.72

4 167 56 1.22 0.44 0.39 0.73 0.66

5 14 7 1.39 0.11 0.22 1.00 0.89

6 410 86 1.12 0.44 0.44 0.75 0.68

7 662 98 1.08 0.47 0.45 0.80 0.71

8 791 187 1.14 0.40 0.53 0.79 0.69

9 890 173 1.11 0.50 0.47 0.81 0.71

10 305 48 1.09 0.54 0.43 0.79 0.67

11 904 91 1.05 0.47 0.60 0.80 0.71

12 154 57 1.25 0.34 0.48 0.73 0.68

13 453 61 1.07 0.62 0.53 0.82 0.73

14 663 106 1.09 0.55 0.55 0.77 0.66

15 338 54 1.09 0.53 0.51 0.78 0.72

16 602 139 1.14 0.46 0.48 0.77 0.67

17 650 120 1.11 0.50 0.47 0.80 0.69

18 259 55 1.12 0.52 0.76 0.76 0.70

19 423 53 1.07 0.57 0.48 0.78 0.66

20 127 51 1.28 0.46 0.49 0.83 0.77

21 30 0 N/A 0.52 0.41 0.70 0.52

22 352 29 1.04 0.41 0.37 0.76 0.70

23 889 259 1.18 0.47 0.75 0.80 0.71

24 335 91 1.17 0.48 0.67 0.81 0.72

25 364 46 1.07 0.47 0.64 0.77 0.65

26 438 134 1.19 0.40 0.51 0.77 0.64

27 508 100 1.11 0.41 0.38 0.84 0.74

28 703 210 1.19 0.50 0.51 0.80 0.71

29 436 94 1.13 0.54 0.43 0.82 0.68
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measures to be calculated for each school. Of the
four infection control measures analyzed, only vaccin-
ation showed a significant negative correlation with
reproduction number, whereas the other measures, in-
cluding mask wearing, hand washing, and gargling
with water, were not.
Many studies have found that seasonal influenza vac-

cines is efficacious in children [21]. Although seasonal in-
fluenza was researched in school settings, the association

between vaccination and influenza epidemic level in all
schools of a specific community had not been determined.
This lack of information may hamper the implementation
of a vaccination policy at the school level. Our findings,
showing a negative association between vaccine coverage
and influenza epidemic level at schools, may help to pro-
mote a vaccination plan.
Two hypotheses may explain the negative association

between vaccine coverage and influenza epidemic level.
First, vaccine coverage may simply reduce the size and
spread of an epidemic. Second, higher vaccine coverage
may tend to induce herd immunity [6, 19] in school
organization. Herd immunity should always be consid-
ered when evaluating communicable diseases epidemio-
logically. Especially, a large sample size study is more
likely to show any strong effects of herd immunity [22].
Although this study, being cross-sectional in design,
could not determine the contribution of herd immunity,
this large sample size study found that high vaccination
coverage was associated with low reproduction number.
In general, the accuracy of reproduction number R0 is

only precise if it is calculated for a large homogeneous
population, and since the known population of school-
age children in our study is also surrounded by an
unknown population of peers, neighbors and family
members among whom influenza transmission is pos-
sible, our reproduction number may over or underesti-
mated, compared with such a number in a controlled
experiment. However, especially in epidemiological [15]
and mathematical modeling fields [23], this use of the
reproduction number at schools is accepted practice in

Fig. 1 Association between infection control measures and reproduction number. a The proportion of subjects vaccinated showed a significant
negative correlation with reproduction number (ρ = −0.413, p = 0.029). However, b mask wearing, c hand washing and d gargling with water were
not significantly associated with reproduction number

Fig. 2 Generalized linear regression model between vaccination coverage
and reproduction number in schools. A generalized linear regression model
(solid line) was more predictive of reproduction number (AIC=−74.55) than
other regression curves. High vaccine coverage was associated with lower
reproduction numbers among schools. Required vaccine coverage was
determined in three vaccine efficacy levels (ε=1.0, 0.75 and 0.5). As efficacy
became smaller, the cross point between the regression curve and the
dashed line moved rightwards, indicating that lower vaccine efficacy
requires higher vaccine coverage in elementary schools
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assessing epidemic levels. Moreover, further research is
required to determine the reliability and validity of using
reproduction numbers in such public health studies.
Then, we estimated that the reproduction number

when vaccination coverage was 0% would be 1.39, simi-
lar to the basic reproduction number (1.3) of seasonal
influenza [17]. The reproduction number of 1.39 was
based on symptomatic and diagnosed patients in school
settings. This number may be useful in schools when
only diagnosed patients are evaluated. In addition, the
required vaccine coverage which was calculated by the
reproduction number was determined in 3 levels of vac-
cine efficacy. Influenza vaccine sometimes does not fully
match the actual seasonal influenza strain. In fact, the
strain which had spread in Japan was not matched with
the vaccine used in this season [20]. If the efficacy be-
comes smaller, the required vaccine coverage should be
increased. As a result of this study, the required vaccine
coverage which was calculated by estimated regression
curve was around 35% when efficacy was 0.5. This sug-
gests that not only vaccine coverage but vaccine efficacy
are important factors to determine vaccine policy in
school settings.
NPIs are generally used to prevent influenza transmis-

sion [1]. Some experimental studies have shown that
NPIs, including wearing a mask, gargling and hand
washing, were effective [11, 12, 24]. We investigated the
effects of NPIs at the individual level in our previous ob-
servational study and found some protective effects in
face mask and vaccination with influenza diagnosis
among subjects using a regression model [16]. However,
the association between collective NPI implementation
proportion and epidemic levels in schools remains un-
clear. To evaluate associations between epidemic level
and these measures, R was calculated in this study. Some
studies have reported that public health emphasis [25],
and social networking may affect influenza transmission
[23]. In the present study, we investigated the associ-
ation between several NPI proportions and epidemic
level in school settings, however, we did not find any evi-
dence. This disparity may be because NPIs might have
more protective effects at the individual level with these
effects difficult to show herd effect in epidemic levels in
schools than vaccination. Moreover, NPIs in this study
were evaluated by questionnaire, therefore, a more
subjective answer could be obtained than vaccination.
Future studies should attempt to quantitatively evalu-
ate the use of NPIs.
This study had several limitations. First, utilization of the

reproduction number is a limitation to the extent that its
accuracy or precision is not assured as discussed above. Be-
cause this study was based on a self-administrated ques-
tionnaire, blood samples were not obtained and recall bias
could not be ruled out. A high proportion of patients

infected with influenza virus are asymptomatic [26]. Fur-
ther, the number of schoolchildren was not uniform so the
reproduction number might not be stable. Because these is-
sues may affect its accuracy, the reproduction number
should be treated with caution. Second, in Japan, children
< 13 years old are required to be vaccinated twice during
each influenza season [27]. However, the number of vacci-
nations was not evaluated in this study. Further, because
NPIs were not evaluated quantitatively, but only qualita-
tively, the rates of implementation may be inaccurate.
Third, because this study was conducted among elementary
schoolchildren in one season, epidemic diversity could not
be evaluated in other generations or during other seasons.

Conclusions
Seasonal influenza was investigated by an observational
study in all 29 elementary schools in Matsumoto City,
Japan. High vaccine coverage was significantly and nega-
tively correlated with low level of influenza epidemic
among school units. However, we could not find any
protective NPI effects among mask wearing, hand wash-
ing, and water gargling in this study. The results of this
study may contribute to informing vaccine promotion in
schoolchildren. Moreover, a longitudinal study is re-
quired to evaluate the protective effects of NPIs.
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