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Abstract
Enhanced influenza surveillance was implemented to analyze transmission dynamics par-

ticularly driving force of influenza transmission in a community during 2011/12 and 2012/13

seasons in Odate City, Japan. In these two consecutive seasons, influenza A(H3N2) was

the predominant influenza A subtype. Suspected influenza cases were tested by commer-

cial rapid test kits. Demographic and epidemiological information of influenza positive cases

were recorded using a standardized questionnaire, which included age or age group, date

of visit, date of fever onset, and the result of rapid test kit. Epidemiological parameters in-

cluding epidemic midpoint (EM) and growth rate (GR) were analyzed. In 2012/13 season,

numbers of influenza A positive cases were significantly lower among preschool (212

cases) and primary school (224 cases) children than in 2011/12 season (461 and 538

cases, respectively). Simultaneously, total influenza A cases were also reduced from 2,092

in 2011/12 season to 1,846 in 2012/13 season. The EMs in preschool and primary school

children were earlier than EMs for adult and all age group in both 2011/12 and 2012/13 sea-

sons. The GR in 2012/13 season was significantly lower than that in 2011/12 season (0.11

and 0.18, respectively, p = 0.003). Multiple linear regression analysis by school districts re-

vealed that GRs in both seasons were significantly correlated with the incidence of school

age children. Our findings suggest that preschool and primary school children played an im-

portant role as a driving force of epidemics in the community in both 2011/12 and 2012/13

seasons. The reduction of total influenza A cases in 2012/13 season can be explained by

decreased susceptible population in these age groups due to immunity acquired by infec-

tions in 2011/12 season. Further investigations are needed to investigate the effect of pre-

existing immunity on influenza transmission in the community.
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Introduction
Influenza is an important public health issue not only because a novel influenza virus can cause
a pandemic but also there is a significant impact due to seasonal influenza outbreaks. It is esti-
mated that 250,000 deaths due to seasonal influenza occur every year in the world [1]. It is nec-
essary to understand the epidemiology of influenza including transmission dynamics to
implement more effective prevention and control strategies such as vaccination and social dis-
tancing. Transmission dynamics of influenza in a community can be affected by many factors
including demographic characteristics, immune status of the population, and social contact
patterns [2].

Currently two influenza A subtypes, namely A(H3N2) and A(H1N1)pdm09 are circulating
in human populations. We experienced two consecutive influenza seasons with influenza A
(H3N2) as the predominant influenza A subtype in the 2011/12 to 2012/13 seasons. Predomi-
nant circulation of influenza A(H3N2) for these two seasons were also documented in other
countries such as France [3]. A study from the Netherlands revealed a significant contribution
of depletion of susceptible population to the trend of influenza-like illness epidemics across
seasons [4]. A surveillance study in Italy found a decline of transmissibility in children but an
increase in adults during consecutive seasons with influenza A(H3N2) epidemics [5]. A cohort
study in Hong Kong revealed that prior infections with influenza A(H3N2) reduced the risk of
repeated influenza A(H3N2) infections in subsequent epidemics among school-age children
[6].

School-age children often play an important role as a driving force for transmission of sea-
sonal influenza [7,8] and pandemic influenza [9] in the community. This may be because chil-
dren may not have pre-existing herd immunity [9] or because they have higher intensity of
social contacts [10]. The national influenza surveillance in Japan reports annual total influenza
cases by age groups. According to these reports, school-age children (5–9 years and 10–14
years) comprise around 40% of total influenza cases in normal seasons. However, the propor-
tion of cases in these age groups was significantly lower (27%) in 2012/13 season [11]. There-
fore, we compared the epidemiological characteristics of influenza A between 2011/12 and
2012/13 seasons by analysing the data obtained from an enhanced influenza surveillance in
Odate City, Japan to define transmission dynamics including driving forces of influenza A
transmission in a community within the two consecutive seasons.

Materials and Methods

Study site and influenza surveillance
The study was conducted in Odate City, which is located in Akita Prefecture in the northeast of
Honshu, the main island of Japan. Odate City is a middle-sized city in a rural area of Japan
with a total population of 78,946 according to the 2010 national census. We used this popula-
tion data in the analysis. The proportions of people aged< 20 and> 65 years old are 15.6%
and 31.7%, respectively. In Odate City, more than 35 clinics and 7 hospitals provide outpatient
care. An enhanced influenza surveillance has been carried out since November 2011 in 22 clin-
ics, one emergency clinic and one outpatient clinic in a general hospital [12]. These 24 outpa-
tient clinics, which can provide diagnosis and treatment of influenza cases, participated in the
study voluntarily. Every patient with a suspected influenza infection was tested using commer-
cially available rapid diagnostic kits, which is a common practice in Japan. Different rapid diag-
nostic kits were used in different clinics but all diagnostic kits used could differentiate
influenza A and B infections. A standardized questionnaire was distributed to the participating
clinics for collecting demographic and epidemiological information from influenza diagnostic
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kit-positive cases. Collected information included patient initials, gender, age or age group,
date of visit, date of fever onset, name of clinic, the result of rapid test kit, affiliation (school
and class) or occupation, address, presumptive source of infection, and influenza vaccination
status. Influenza vaccination status was collected only for 2012/13 season. We excluded influ-
enza positive cases whose residential addresses are outside of Odate City from the analysis.

All data were stored in a database and only influenza A positive cases identified from No-
vember 1, 2011 to October 31, 2013 were analyzed. The 2011/12 season spans the period from
November 1, 2011 to October 31, 2012 and the 2012/13 season from November 1, 2012 to Oc-
tober 31, 2013.

The national surveillance of infectious diseases reported nine strains of influenza A(H1N1)
pdm09 and 3,706 strains of influenza A(H3N2) in 2011/12 season and 152 influenza A(H1N1)
pdm09 and 4,973 influenza A(H3N2) in 2012/13 season, indicating that the majority of influ-
enza A viruses were influenza A(H3N2). Antigenic analysis of influenza A(H3N2) strains in
Japan showed that most strains in 2011/12 season were antigenically similar to the vaccine
strain, A/Victoria/361/2011 [13], and 99% of the strains in 2012/13 season were also similar to
A/Victoria/361/2011 [14].

Defining age group
Patients’ age were distributed into five groups: preschool, primary school, junior high school,
high school, and adults. Preschool group was defined as those aged less than school-age. High
school group included those who were aged between 16 and 18 years old regardless of their ac-
tual status of attending school. In the regression analysis, three groups including junior high
school, high school and adults were merged.

Epidemic midpoint and growth rate
The epidemic midpoint (EM) was defined as the date when cumulative incidence reached 50%
of the total cumulative cases in each season [15]. The EM is considered to indicate the timing
of the peak of influenza activity. To compare the relative timing of peak influenza A activity in
each age group, the lead time was calculated as the difference between the EM of each age
group and the overall EM for seasons. We set EM in 2011–2012 season as day 0 to visualize the
timing of EM of each age group.

In an early phase of an infectious disease epidemic including influenza, increase of cases is
commonly assumed to follow an exponential growth [16]. The growth rate (GR) is a parameter
to express this exponential growth and widely used to estimate a reproduction number, which
is one of the key parameters to express influenza transmissibility [17–19]. In this analysis, the
exponential period for each season was defined between the onset day of the first case detected
in surveillance and the EM of all age. The GR was calculated during this period. The formula
for growth rate (r) of the cumulative number of cases is

CðtÞ ¼ kerðt�tÞ

where C(t) is the cumulative number of cases on day t, r is the growth rate, and τ is date when
an exponential growth is assumed to have started. We defined that τ for each season was the
day when the first influenza A case among all age groups reported fever onset.

Statistical analysis
The area of the city is divided into 18 primary school districts and children who live in sub-dis-
tricts within the school zone usually go to the designated primary school. We obtained the map
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of the school districts from the national spatial planning database [20]. We corresponded the
number of population at sub-district level in national census database to the school district
level by matching the address of sub-districts to school districts. In case that more than one
school district is in one sub-district, the number of population was determined by the propor-
tion of the school districts’ areas.

We assumed that the population at risk in the 2011/12 season was the whole population in
each age group and that those at risk in the 2012/13 season was calculated by subtracting the
total number of influenza A cases in the 2011/12 season from the whole population in each
age group.

We then conducted linear regression analysis to investigate the association of the GRs of
each primary school district with the incidences of influenza infection of different age groups
and with the depletion of susceptible population in primary school for the 2012/13 season. We
simply assumed the number of the primary school children cases that were positive for influen-
za A in 2011/12 season illustrated a majority of the depletion of susceptibles in that age group.
As described before, GR is a parameter of transmissibility in exponential phase of epidemics
and previous study [8] as well as our study showed relative accumulation of both primary
school and preschool children in that phase so that we set this regression analysis. With our lin-
ear regression model, where GRs calculated in each school district were a dependent variable
and the incidences of age groups were independent variables, we first applied the model with
incidences of preschool, primary school, and other age groups as independent variables for
each season (model 1 for 2011/12 season and 2012/13 season). Additionally, we included the
total number of influenza A cases in 2011/2012 season as one of the independent variables for
GR in the 2012/2013 model (model 2 for 2012/13 season). Model 1 was a single year reproduc-
tion model. Model 2 was a consecutive year reproduction model especially for primary school
children. All 18 primary school districts in Odate City were included in both models. The vari-
ance inflation factor (VIF) of variables in these models were calculated for the quantification of
multicollinearity among those independent variables. A VIF of more than 10 was set as a
significant multicollinearity.

Chi-square test was used to compare proportion of influenza A positive cases to the total
population. The analysis was done with JMP pro 11 (SAS Institute Japan) and R 3.1.0 (R Devel-
opment Core Team).

Ethical consideration
We distributed the statement of the study that include the details of our contact to all study
participants. For those aged less than 18 years, the written informed consent was obtained
from their guardians. For participants of over 18 years, the consent was initially obtained ver-
bally. After obtaining consent, the standardized questionnaire was filled. In case of the refusal
to participate, that questionnaire was discarded and never included in the database. This study
was approved by the Ethics Committee of Tohoku University Graduate School of Medicine
(ID 2011–268).

Results
There were a total of 2,092 and 1,846 influenza A cases in 2011/12 and 2012/13 seasons, respec-
tively. The proportion of influenza A positive cases in the total population in the 2011/12 sea-
son was significantly higher than that in the 2012/13 season (p<0.001). The daily number of
influenza A cases by age group was plotted against the days from the epidemic midpoint for
the two seasons (Fig 1). Overall temporal trends of influenza A positive cases in the 2011/12
and the 2012/13 seasons were similar. However those in different age groups showed apparent
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Fig 1. Daily number of Influenza A positive cases by age group in 2011/12 (1A) and 2012/13 (1B) seasons in Odate City, Akita, Japan. * The day of
epidemic midpoint was set as Day 0. Those dates were February 8, 2012 and February 2, 2013, respectively.

doi:10.1371/journal.pone.0125642.g001
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differences between seasons. In the 2011/12 season, numbers of cases in preschool and primary
school were high almost throughout the epidemic period. But in the 2012/13 season, higher
numbers of cases in these age groups were seen only until day -10 from EM and they occupied
small portion of total cases during the peak period. Number of cases in high school was quite
low throughout the 2011/12 season but they formed a clear peak in the 2012/13 season on the
day of EM. Temporal trends of adult cases in the two seasons were similar.

The percentage of positive influenza cases in preschool was 22.0% and the percentage in pri-
mary school was 25.7% in the 2011/12 season (Table 1).

However, their respective proportions declined significantly to 11.5% (p = 0.002) and 12.1%
(p<0.001) in the 2012/13 season. On the other hand, the total numbers of positive cases in
adults and high school were 1.29 and 1.96-fold higher in the 2012/13 season than in the 2011/
12 season (p< 0.001, both). The numbers of cases in junior high school was similar between
the two seasons.

The growth rate (GR) of 0.179 in the 2011/12 season was significantly higher than the GR of
0.106 in the 2011/12 season (p = 0.003) (Fig 2). The exponential period for the 2011/12 season
and the 2012/13 season were 48 and 53 days, respectively. There was more influenza A positive
cases within the exponential period in preschool and primary school children in the 2011/12
season than in the 2012/13 season (Table 2) while in junior high school and high school stu-
dents, and adults there were more cases in the 2012/13 season than in the 2011/12 season.

The patterns among different age groups were compatible with those for the whole season
(Table 1) except for junior high school students. The proportions of cases in preschool and pri-
mary school to the total number of cases in the exponential period were 26.0% and 31.4% in
the 2011/12 season, and 15.0% and 15.8% in the 2012/13 season, respectively. These percent-
ages were higher than the percentages of total cumulative numbers of both age groups in the
two seasons as shown in Table 1.

The epidemic midpoint (EM) for the 2011/12 season was February 8, 2012 and that for the
2012/13 season was February 2, 2013 (Fig 3). The EM of all ages shifted by -6 days in 2012/13
without statistical significance (p = 0.49). When the epidemic midpoint of each age group was

Table 1. Demographic and epidemiological characteristics of influenza A positive cases in 2011/12 and 2012/13 seasons.

Categories Population 2011/12 season 2012/13 season

No. (%) AR (%) No. (%) AR (%)

Total 78,980 2,092 (100) 1,846(100)

Age group*

Preschool 3,636 461 (22.0)1 12.6 212(11.5) 1 5.8

Primary School 3,664 538 (25.7)2 14.7 224(12.1) 2 6.1

Junior High School 2,032 169 (8.1)3 8.3 160(8.7) 3 7.9

High School 2,179 91 (4.3) 2 4.2 178(9.6) 2 8.2

Adults 67,469 833 (39.8) 2 1.2 1072(58.1) 2 1.5

Sex

Female 42,112 1010 (48.3) 2.4 913 (49.5) 2.2

Male 36,868 1082 (51.7) 2.9 933 (50.5) 2.5

* The size of population in each age group was estimated with data of September, 2012

The p-value was calculated based on the chi-square distribution.

1. p = 0.002

2. p < 0.001

3. p = 0.507

doi:10.1371/journal.pone.0125642.t001
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compared with the overall EM, the differences for preschool, primary school, junior high
school, high school, and adults were -2, -3, 4, 0 and 5 days, respectively, in the 2011/2012 sea-
son, and -11, -4, -2, 4 and 2 days, respectively, in the 2012/13 season. Epidemic midpoints for
both preschool and primary school groups were observed prior to the overall EM in the 2011/
12 and the 2012/13 seasons, while EM for adult group was observed after the overall EM for

Fig 2. Cumulative number of influenza A cases and growth rate (r) in 2011/12 (A) and 2012/13 (B) seasons. * The first days of the season were
December 23 in 2011 and December 12 in 2012.

doi:10.1371/journal.pone.0125642.g002
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both seasons. Except for preschool in the 2012/13 season, those differences were observed with-
in ±5 days.

Multiple linear regression analysis was conducted to investigate the association between
GRs and incidences in preschool, primary schools and others by primary school district as
shown in Table 3.

The estimated coefficient for the incidence of primary school was 0.378 (95% C.I. 0.015 to
0.741) in 2011/2012 season and 0.331 (95% C.I. 0.081 to 0.581) in 2012/13 season but the

Table 2. The number of Influenza A positive cases by age group in the exponential period of each
season.

2011/12 season 2012/13 season
No. (%) No. (%)

Age Categories

Preschool 272 (26.0) 139 (15.0)

Primary School 329 (31.4) 146 (15.8)

Junior High School 69 (6.6) 104 (11.2)

High School 47 (4.5) 60 (6.5)

Adults 329 (31.5) 478 (51.6)

Total 1046(100) 927(100)

doi:10.1371/journal.pone.0125642.t002

Fig 3. The distributions of Epidemic Midpoint (EM) by age groups in 2011/2012 and 2012/2013 seasons. *Day 0 was set as February 8.

doi:10.1371/journal.pone.0125642.g003
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coefficients for incidence of preschool and others were not significant in the model. Further,
we included the number of primary school cases in the 2011/12 season into the linear regres-
sion model of 2012/13 season but that variable did not contribute to the improvement of the
fitness (Adjusted R2 = 0.37). And all of VIFs were less than 10. Therefore, significant multicolli-
nearity was not found in those variables.

We collected the influenza vaccination status only for 2012/13 season cases. In that season,
overall vaccination rate against influenza was 28.3%. The rates were 41.4% for preschool chil-
dren, 47.3% for primary school children and 36.3% for junior high school children. Those
among high school students and adults were 23.3% and 21.4%, respectively.

Discussion
Enhanced influenza surveillance was implemented in Odate City, Japan in the 2011/12 and the
2012/13 seasons. In these two consecutive seasons, influenza A(H3N2) with similar antigenic
properties was the predominant influenza A subtype. We compared the epidemiological char-
acteristics especially transmission dynamics in the two seasons. Consecutive A(H3N2)-pre-
dominant influenza seasons might cause a significant difference in epidemiological
characteristics between the two seasons.

A significant decline in the total number of cases was observed in the 2012/13 season. This
decreasing trend was also reported at the national level in Japan [13,14]. The analysis by age
groups revealed a significant decline in the number of cases in preschool and primary school
children while the number of cases in the high school and adult age group increased. In these
two seasons, influenza A(H3N2) was the predominant influenza A subtype and there were no
major antigenic changes reported among the circulating influenza A(H3N2) strains between
the two seasons [13, 14]. The subtype-specific immunity against influenza A(H3N2) in which
immunity from infections in previous seasons can reduce the risk of H3N2 re-infection in sub-
sequent seasons [6,21–25]. A study in the Netherlands found a significant contribution of de-
pletion of susceptible population to the trend of influenza-like illness epidemics across seasons
[4]. In our study population, the outbreak of influenza A(H3N2) in the 2011/12 season might
have led to the depletion of susceptible population in the 2012/13 season, which resulted in dif-
ferent epidemiological patterns in 2012/13. The decrease in the total number of influenza A
cases in the 2012/13 season was mainly due to the decline in the number of cases in preschool
and primary school children. In these age groups in the 2011/12 season, the attack rates (AR)

Table 3. Result of multiple linear regression analysis between growth rate (GR) and the incidence of influenza cases in age group (preschool, pri-
mary school and others) by school districts (all 18 primary school districts in Odate City were included in the model).

Season;model Adjusted R2 Variables Estimated Coefficient (95% C.I.*)

2011/12;model 1 0.20 Incidence of preschool cases 0.043 (-0.447, 0.532)

0.20 Incidence of primary school cases 0.378 (0.015, 0.741)

0.20 Incidence of cases in other groups 0.047 (-0.44, 0.534)

2012/13;model 1 0.24 Incidence of preschool cases -0.102 (-0.606, 0.402)

0.24 Incidence of primary school cases 0.331 (0.081, 0.581)

0.24 Incidence of cases in other groups -0.01 (-0.311, 0.290)

2012/13;model 2 0.37 Incidence of preschool cases in 2012/13 season -0.037 (-0.538, 0.464)

0.37 Incidence of primary school cases in 2012/13 season 0.454 (0.145, 0.762)

0.37 Incidence of cases in other groups in 2012/13 season -0.002 (-0.295, 0.291)

0.37 Number of primary school cases in 2011/12 season 0.0008 (-0.00006, 0.002)

* C.I.: Confidence interval.

doi:10.1371/journal.pone.0125642.t003
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were much higher than the other age groups (Table 1). This also supports a possibility that de-
pletion of susceptible population, especially in preschool and primary school children might be
responsible for the decreased trend of overall influenza A infection in the 2012/13 season. The
depletion of susceptible population might cause the decrease in the influenza A cases of pre-
school and primary school children in the exponential period (Table 2), then led to the signifi-
cant reduction of GR in the 2012/13 season.

The epidemic midpoint is a simple estimation of the timing of maximum activity of an epi-
demic [15,26]. The observed earlier EM of preschool and primary school-age groups (Fig 3) in-
dicate earlier peaks of influenza A activity in these age groups compared with the others.
Earlier EM for preschool children in the 2012/13 season might be attributable to the final size
of influenza cases among preschool children in 2012/13 season, which was smaller than that in
2011/12 season (Table 1). But the cause of this discrepancy was unclear. With an assumption
of an equal growth rate in different age groups, EM is theoretically affected by the timing of
case introduction as well as the final size of population. Fig 1B showed the earlier introduction
of influenza A in preschool and primary school children while the number of cases decreased
rapidly during the period of -10 to 0 days from the epidemic midpoint. This implied that the
spread of influenza among those populations did not connect to other populations.

Studies about epidemic midpoints of seasonal influenza epidemics documented the earlier
EM among school-age children but the earliest was found in slightly different groups such as
children aged between 10−19 years in Canada [15] and 12−18 years in the U.S [26]. The differ-
ence between this study and previous studies may be due to study methods and final size of in-
fluenza cases, which can explain the differences of age groups with the earliest EM. Specifically,
only 2 consecutive seasons with H3N2 were included in this study while previous studies in U.
S. and Canada analyzed the data for more than 5 seasons. The final size of cases was approxi-
mately 2,000 per season in this study while more than 5,000 cases in the Canadian study.

Our regression analysis indicated that incidence of primary school children was a significant
determinant for the overall GR in the 2011/12 and 2012/13 seasons. This suggests that school
children have an important role in the influenza transmission during the exponential period.
We thought that the decrease in the influenza A cases in the 2012/13 season might be due to
the depletion of susceptible population by infection in the 2011/12 season especially in primary
school children. But the total number of primary school cases in the 2011/12 season did not
improve the fitting of linear model with the GR in the 2012/13 season. The unimproved fitting
might be explained by the heterogeneity of influenza A introduction and transmission among
different school districts, rather than excluding a possibility that depletion of susceptible popu-
lation was associated with decreased transmission in 2012/13 season. But it is not clear why the
incidence of preschool was not significantly related with GR by school districts. A further in-
vestigation on the mixing pattern between preschool and primary school children may provide
a clue for such a pattern.

All of these findings suggested that children play a major role in both introducing and/or
spreading influenza infection into the community during the exponential period. It should be
noted that Odate City has highly ageing population. The proportion of those aged> 65 years is
30.4%, which is higher than the national average (21.9%) and the proportion of those< 20
years is 15.0%, which is lower than the national average (17.9%). Even in such ageing commu-
nity, school-age children are playing an important role in influenza transmission. In 2012/13
season, majority of influenza A cases occurred in adults (58%) (Table 1). But our data indicated
that school-age children were also a driving force for community transmission of influenza A
during early phase of epidemic in this season. Although our study indicated that children in
preschool and primary school might have an important role for community transmission of in-
fluenza, there are several limitations to our datasets. First, we assumed all influenza A positive
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cases were due to influenza A(H3N2) without laboratory confirmation. Influenza diagnosis
was based on the rapid diagnostic assays, which showed 66.7 to 95% of sensitivity and 88 to
95% of specificity [27, 28]. There were 2 influenza A (H1N1)pdm09 out of 40 influenza A posi-
tive samples reported in the 2012/13 season in Akita Prefecture where Odate city is located. It
is possible that some of influenza A positive cases were infected with influenza A (H1N1)
pdm09, however the number was believed to be minimal. Second, we could not include the en-
tire data of seasonal vaccination among residents. Seasonal vaccination status and the immu-
nogenicity of seasonal dominant influenza strain can affect the epidemiological characteristics
of influenza in the community. Complete data on vaccination status in study population may
provide a more precise model to investigate the effect of vaccination, but the vaccine coverage
data for whole population was not available in this study. Third, we analyzed the data from en-
hanced surveillance which potentially misses some cases. Although we included 22 out of 36
outpatient clinics in Odate City, some patients might have visited clinics which did not partici-
pate in the study or some might not have visited any health facilities. The consultation rates
might be particularly low in adults and elderlies [12] and this may affect the analysis of this
study. We also did not consider asymptomatic infections which may account for as high as
33% of all influenza A infections [29].

Despite those limitations, our surveillance consisted of majority of clinics. It was also shown
that more than 95% of patients with influenza-like symptoms sought consultation within 2
days [12] when the viral load is supposed to be high enough to be detected by rapid kits. Thus,
this dataset provided a good representative of influenza A cases among the study population.

In conclusion, our findings strengthen the evidence that school-age children play an impor-
tant role as a driving force for community transmission of influenza A(H3N2).This informa-
tion is useful for influenza control and prevention in the community.
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