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Abstract 

Purpose. The 2009 worldwide influenza A/H1N1 pandemic particularly affected 

younger people, including schoolchildren. We assessed the effects of class/school 

closure during the pandemic on the spread of H1N1 infection in Japan. 

Methods. We prospectively monitored 2141 schoolchildren in 57 classes at 2 elementary 

schools and 2 junior high schools in Japan, and we evaluated the effects of class/school 

closures on the spread of H1N1 using descriptive epidemiological methods. 

Results. The cumulative rate of H1N1 infection among these children was 40.9% (876 

children). There was a total of 53 closures of 40 classes, including school closures, 

during the pandemic. Time-course changes in the epidemic curve showed that school 

closure reduced the following epidemic peak more than class closure. A Poisson 

regression model showed that a longer duration of closure was significantly related to 

decreased H1N1 occurrence after the resumption of classes. 

Conclusions. School closure more effectively inhibits subsequent epidemic outbreaks 

than class closure. Longer school closures are effective in reducing the spread of 

infection, and school closure should be implemented as early as possible. 

Keywords: Influenza; H1N1; School closure; Transmission  
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Introduction 

 

 The influenza A/H1N1 (H1N1) pandemic first broke out in several countries in April 

2009 [1]. The first infection case in Japan was reported at the quarantine facility of 

Narita airport in early May 2009, and the epidemic spread to the urban areas of western 

Japan in the middle of May 2009. Governmental infection control measures were 

implemented over a broad urban area, and the epidemic ended by the end of May. The 

H1N1 epidemic resumed in various areas of Japan from August to September, and the 

epidemic spread to Nagano prefecture, where this study was performed. The pandemic 

affected almost 15 million people between May 2009 and March 2010, with 200 deaths 

ascribed to this disease in Japan [2]. 

 At the end of the pandemic, it became clear that H1N1 had spread more among 

younger people than older people [3-8], and there were many infections among 

schoolchildren [9-11]. Measures instituted to prevent the transmission of H1N1 included 

school closures [12-15]. The effects of school closures were evaluated in simulation 

models [14-16] and some reports have shown the effects of actual closures [17, 18]. 

However, there have been few reports indicating the optimal length and timing of 

closure for effective control of infection spread [19] and comprehensive effects of these 

closures remains unclear. Therefore, further study is required to clarify these issues.  

 Four schools affiliated with Shinshu University in Japan experienced the H1N1 

pandemic and implemented short-term class/school closures in 2009 and 2010. 

Although we have reported an overview of the pandemic in these schools and the 

possible effects of these closures [7], we have not described the effects of these closures 

in detail or analyzed effects of these closures on the spread of H1N1. In this study, we 

therefore determined how these closures inhibited the spread of H1N1 using descriptive 

epidemiological methods.  

 

Methods 

 

Subjects 

 

 The study subjects included students at 4 schools, 2 elementary schools and 2 junior 

high schools, affiliated with Shinshu University in Nagano Prefecture, Japan. These 

schools are located in 2 districts, each containing one elementary school and one junior 

high school, that are 70 km apart. Education of children at this age is compulsory, and 

each class unit contains 35-40 children. Students attending the elementary schools are 
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7-12 years old and those attending the junior high school are 13-15 years old. In district 

A, there were 422 children in 12 classes at the elementary school and 464 children in 12 

classes at the junior high school. In district B, there were 598 children in 16 classes at 

the elementary school and 657 children in 17 classes at the junior high school. We 

prospectively monitored the total number of 2141 schoolchildren attending 57 classes 

during the H1N1 pandemic from August 2009 to March 2010. Staff members, including 

teachers and administrators, were excluded from this investigation because this study 

focused only on schoolchildren.  

  

Precautions and Records 

 

 All children attending the 4 schools were encouraged, verbally and in writing, to be 

aware of personal hygiene and to take precautions, including washing their hands, 

gargling and wearing masks [7]. These precautions were initially implemented in 

September 2009, when school resumed after the summer recess. Moreover, it was 

recommended that all events at which schoolchildren gather together be suspended. The 

supply of H1N1 vaccine in the area was insufficient during this period; thus, few 

children were vaccinated.  

Schoolchildren who had influenza-like symptoms, as determined by their parents, were 

required to visit a hospital or clinic. Immediately after a child was diagnosed with 

confirmed, probable or suspected H1N1 influenza, the child’s parents were instructed to 

call the school. These children were defined as H1N1 patients in this study. Each such 

phone call was responded to by the teacher responsible for that child. The teacher 

confirmed the name, sex, school, grade of each child and the date of onset of H1N1 

influenza and instructed the parents to keep the child at home until 2 days after his/her 

body temperature had returned to normal. All data were recorded on a prescribed form, 

and the designated teacher immediately faxed the form to headquarters and to the 

Center for Health, Safety and Environmental Management of Shinshu University. From 

the data obtained, we confirmed that all patients reported by parents to the school 

teacher by phone had been diagnosed as H1N1 by a physician. The data were gathered 

and entered anonymously into a computer for statistical analysis.  

The decision to close a class or school was made by the principal of each school based 

on the number of children infected. The date for the resumption of classes was also 

decided by the principal after discussion of each closure case. All closure data, 

including the start date, the duration of closure and the date of resumption of classes, 

were recorded. All durations were expressed in calendar days. 
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Because the data were collected in a computer database and because this 

epidemiological study would not cause any harm to any of the subjects, written 

informed consent was not required. The study design and procedure were reviewed and 

approved by the Committee for Medical Ethics of Shinshu University (approval number 

1616). 

 

Statistical analysis 

 

 Continuous variables included the grade of the children, the number of patients and the 

closure duration. For analysis, we used the date of the onset of infection, not the date 

that the infection was reported. The new cases of H1N1 after a class/school closure 

were recorded starting on the date classes were resumed. Because the estimated 

incubation period for H1N1 virus is 1-7 days [20] and because viral shedding almost 

completely ceases 7 days after infection [21], the H1N1 cases in each class were 

recorded during the 7 days following the resumption of classes. Only the first closure of 

each class was utilized for H1N1 cases analysis to avoid the effect of increased 

immunization of children in classes closed more than once. We also used a dummy 

variable for school closure, where 0 represented “no closure” and 1 represented 

“closures performed.” The number of patients and the closures were recorded every day 

and expressed using a time-course descriptive epidemiological method. Further, the 

number of patients at each school was summed and used to express time-course 

cumulative rate of infection.  

For categorical variables, the percentages of patients in each category were calculated, 

and the proportions were compared using the Chi-squared test. A Poisson regression 

model was used to analyze the effects of several factors on H1N1 cases after the 

resumption of classes. All statistical analyses were performed using PASW 18 software 

for Windows (SPSS, Chicago, USA), with P < 0.05 indicating statistical significance. 

 

Results 

 

Numbers of patients and class/school closures 

 

 Among the 2141 children attending the 4 schools, the cumulative H1N1 case rate was 

40.9% (876 subjects). There were no differences in the cumulative rate between boys 

and girls at each school. Only 2 children who had underlying respiratory illnesses were 

hospitalized, and none died. The median duration of absence from school was 5 days 
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(range 2–16 days).  

 

Time course of the number of patients 

 

 Figure 1 shows the time course of the epidemic and the closures of the elementary 

schools, and Figure 2 shows the curves and closures of the junior high schools. Forty 

classes were closed a total of 53 times for a median duration of 4 days (range, 1–10 

days). Although these 2 districts are located at a distance of 70 km from each other, the 

epidemic in schoolchildren occurred simultaneously. In district A, H1N1 spread rapidly, 

and both the elementary school and junior high school were closed in the middle of 

November 2009 (Figures 1a and 2a). In district B, however, H1N1 infection spread 

more slowly, and only classes, not entire schools, were closed throughout this period 

(Figures 1b and 2b). 

 In both districts, the number of patients at the elementary school and junior high 

school peaked during the middle of November 2009. At the elementary schools, both 

the school closures in district A (Figure 1a) and the class closures in district B (Figure 

1b) had similar effects on subsequent peaks throughout the study period. Some classes 

in district A were closed more than once, whereas each class that was closed in district 

B was closed only once. In addition, class closures in district B were sequential, not 

simultaneous (Figure 1b). Closure of the junior high school in district A had significant 

effects, and there were few subsequent infection peaks (Figure 2a), whereas class 

closures in the district B junior high school were followed by another large peak in 

December 2009 (Figure 2b).  

 Figure 3 shows the cumulative rate of H1N1 patients in all schools. For both the 

elementary schools and junior high schools, the cumulative rate was higher in district A 

than in district B. This difference was likely related to the initial steep upward curve in 

district A, which indicates that the spread of infection was explosive.  

 

H1N1 cases after resumption of classes 

 

 To evaluate the effect of closures, we evaluated the number of H1N1 cases after the 

resumption of classes. We assessed the first closure of each class (40 closures) and the 

cases of H1N1 infection that occurred within 7 days after the resumption of classes. We 

also calculated the effects of possible related factors, including class grade of the 

children, the duration of the closure and the type of closure (class or school), using a 

Poisson regression model for each factor and the number of infections after the 
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resumption of classes.  

 Table 1 shows the results of the Poisson regression model of the effects of these 3 

factors on infected cases. We confirmed that closure duration (Incidence Rate 

Ratio=0.702; 95% confidence interval 0.561 to 0.880, P=0.002) was significantly 

related with the number of cases within 7 days after the resumption of classes.  

  

Discussion 

 

 We investigated the effect of short-term class/school closures due to the H1N1 

epidemic on subsequent infection in schools affiliated with Shinshu University. 

Although the study sample was very small, including only 40 classes in 4 schools, the 

time course of the epidemic showed that school closure was more effective than class 

closure in decreasing the number of infections, especially among children attending 

junior high school. In addition, a longer duration of closure was significantly related to 

a lower number of cases of infection after the resumption of classes. 

School and class closures were implemented after the first wave of the H1N1 epidemic. 

Previous reports based on actual school closures showed that whole school closures 

decreased H1N1 reproductive number [17] or halved the transmission rate among 

school-age children [18]. These reports showed that school closure is effective against 

infection spread. In this study, the time course of patient numbers showed the effects of 

class or school closures and we evaluated the effect of not only whole school closure 

but also class closure. In district A, the epidemic did not recur after closure of the junior 

high school, whereas there was a small increase in the number of infections following 

the reopening of the elementary school. H1N1 transmission was likely inhibited by 

school closures. Because H1N1 transmission risk increased among individuals who live 

in households with younger members [22], it was more difficult to stop the H1N1 

epidemic among elementary school children than among junior high school children. 

Furthermore, children in the junior high school may have better implemented the 

precautions (e.g., hand washing, gargling) than children in the elementary school 

because the older children could better understand the importance of these precautions. 

In addition, a previous report showed that some schoolchildren still met each other 

during school closure [23], and this potentially facilitated H1N1 transmission regardless 

of school closure. Although the contact patterns of children were not investigated in this 

study, extraschool socialization with classmates might have occurred especially among 

the elementary schoolchildren due to less stringent implementation of the measure, 

which might have induced epidemic recurrence regardless of school closure. On the 
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other hand, in district B, where class but not school closures were implemented, the 

epidemic peaked a second time in both the elementary school and the junior high school 

because class closure alone did not completely inhibit H1N1 transmission. The 

epidemic curves indicate that continuous transmission among school children in district 

B likely resulted in a repeat of the epidemic in both the elementary school and the junior 

high school. These findings suggest that school closure was superior to class closure in 

reducing the likelihood of a subsequent epidemic, especially among older children. 

Furthermore, class closure alone may result in a repeat epidemic of a strongly 

transmissible infectious disease such as H1N1. In addition, further measures of not only 

school closure but also instructions that children avoid school friends during closure 

periods will be necessary to strengthen the effect of school closures.  

Because the toxicity of H1N1 was recognized to be weak from the start of the 

pandemic and fatalities were fewer than expected, it could be argued that school closure 

might not be an essential measure. However, further evolution of the strain might occur 

without such closures. And because individuals with underlying severe illnesses become 

critical or even die due to H1N1 infection [5], and the incidence rate of patients with 

critical illnesses might have increased if the school closure measure had not been 

applied, we concluded that the school closure measure was necessary to reduce 

transmission regardless of low virus toxicity. While vaccination is shown to be the most 

important infection control measure [24], epidemic control measures without vaccine 

must be taken when insufficient vaccine is available. Because these closures can 

decrease and slow the epidemic peak, many more uninfected children may have an 

opportunity to receive vaccination. Thus, closure measures should be effective when 

new infections occur in the future. If herd immunity measures are employed to inhibit 

infectious epidemics, further interventions such as transmission interception and 

vaccination at not only school level but also in the wider community will be necessary 

[13, 15]. 

In general, classes and schools are closed to control the epidemic transmission of 

infectious viruses shed by patients. However, the optimal duration of closure is unclear, 

and to date, there is no standardized method to evaluate the effect of these closures. 

Simulation models have shown that several weeks of school closures are necessary to 

reduce the cases of H1N1 [14, 15], but the minimum number of closure days necessary 

to minimize the cases of influenza infection has not been determined. Longer closures 

will interfere with the education of children, with the occupations of their parents, and 

with social or economic activity [16, 25-27]. Our findings suggest that short-term 

closures, even closures of a few days, effectively decrease the number of infections after 
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the resumption of classes. Our findings also showed that the effects of closure were 

related to the duration of the closure. Because an epidemic may be influenced by several 

factors, such as transmission within households [22, 28], the severity or transmissibility 

of the strain of influenza [15] or weather [18], further detailed investigations that 

include these factors are required to clarify the effects of school closure.  

We found that the cumulative rate of H1N1 infection was higher in district A than in 

district B because the initial epidemic spread explosively in district A, as shown by the 

steep upward epidemic curve in November 2009, and the cumulative rate was likely 

dependent on the initial epidemic spread. These results indicate that the prevention of 

the spread of the primary infection may reduce the total number of H1N1-infected 

individuals, as reported by Collins et al. [29]. In addition, an explosive spread was 

observed when the cumulative rate exceeded approximately 5% of students in these 

schools. Pandemics may be inhibited if precautions are implemented when 

approximately 2% of the population is infected but could not be inhibited when 

approximately 10% of the population is infected [29]. Accurate comparison was 

difficult because the report is old and social systems might be different, however, the 

measure of early intervention to intercept transmission and to slow the epidemic was 

substantially essential and effective. Thus, interventions such as school closures should 

be implemented as soon as possible after the outbreak of an epidemic such as H1N1, 

before the cumulative rate exceeds 5% of the population at a school.  

This study has several limitations. First, the study sample, consisting of 57 classes at 4 

schools, was small, and therefore, the results may be only suggestive. Larger samples 

are needed to determine the detailed effect of class/school closures and to further 

generalize these results. However, the method we used, recording information correctly 

at the onset of infection, both before and after closures, is better implemented with 

small samples. Future research should include larger samples with correct records. 

Second, the effects of closure were determined without considering weekend effects. In 

Japan, children do not generally attend elementary school or junior high school on 

Saturdays and Sundays, and the lack of child-to-child contact on these days may have 

influenced their overall rate of H1N1 infection. Third, children were monitored by not 

medical specialists but their parents, and therefore, there might be children who were 

not identified as patients due to oligosymptomatic during the study period. Thus, the 

patient number might have been underestimated. Fourth, our study was based on 

self-reports of patients diagnosed with influenza at a hospital or clinic. Although it 

would have been more accurate to evaluate H1N1 infection by laboratory methods, such 

as RT-PCR or viral culture, as suggested in WHO and CDC guidelines, this was 
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practically impossible. Thus, a few patients diagnosed with H1N1 may have been 

infected with seasonal influenza or other respiratory diseases with similar symptoms, 

and we may have overestimated the number of H1N1-infected patients. Because the 

self-report system of this study involved the judge of parents and medical diagnosis at a 

hospital without laboratory methods, potential biases might have arisen. However, 

because almost all influenza patients in Japan in 2009 were infected with H1N1 [30], it 

is likely that all patients in this study were infected with H1N1. Fifth, subclinical 

infections may have altered the effects of class/school closures. An increase in the 

number of subclinical infection may increase the number of immunized children relative 

to those absent, thus reducing epidemic spread. A previous report, however, showed that 

the rate of subclinical infection was low in Japan in 2009 [31], indicating that the 

influence of subclinical infection was small. 

 

Conclusions 

 

In this study, we investigated the effect of short-term class/school closures in 

elementary schools and junior high schools affiliated Shinshu University in Japan. Our 

findings suggest that school closures, rather than class closures, better inhibit 

subsequent epidemics among older children, that closures of longer duration were more 

effective and that school closure should be implemented as soon as possible after the 

start of an outbreak.  
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Figure legends 

 

Figure 1 Time-course of the number of patients and the closures in the elementary 

schools.  

a) The elementary school (all 12 classes) in district A was closed in the middle of 

November 2009, but a small epidemic was observed after the resumption of classes, 

leading to the closure of some classes. A gray box indicates a class closure for 1 day. 

b) In the elementary school in district B, classes were closed one by one, and H1N1 was 

seemingly transmitted from class to class. The epidemic peak became greater with 

time. 

 

Figure 2 Time-course of the number of patients and the closures in the junior high 

schools.  

a) In the junior high school in district A, there was no subsequent epidemic after the 

resumption of classes. 

b) In the junior high school in district B, the epidemic continued, and classes were 

closed in November and December 2009.  
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Figure 3 Cumulative rates of H1N1 in children attending the elementary schools and 

junior high schools.  

In both a) elementary schools and b) junior high schools, the initial steep upward curves 

seemed to be related to the higher cumulative rates. For each type of school, the 

upward curve occurred when approximately 5% of the students became infected. 
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Table 1 Factors related to the number of H1N1 cases after the resumption of 40 

classes 

      

  Incidence Rate Ratio 95% CI P* 

Closure duration 0.702 0.561 - 0.880 0.002 

Class grade 0.926 0.801 - 1.071 0.300 

School closure implementation 0.903 0.445 - 1.833 0.777 

*Poisson regression model, Variables are adjusted for each other in the model 
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