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Background: School closures are a subject of debate during the present 
coronavirus disease 2019 (COVID-19) pandemic. Because children are not 
the main driver of COVID-19 transmission in the community, school educa-
tion must be prioritized in conjunction with appropriate infection preven-
tion and control measures, as determined by local COVID-19 incidence.
Methods: We investigated the causes and transmission routes of a primary 
school cluster of COVID-19 that occurred during November and December 
2020 in Niigata, Japan.
Results: In the cluster, the virus spread among teachers, then from teachers 
to students, and then to their family members. This primary school cluster 
comprised 26 infected patients and included teachers (13/33, 39%), stu-
dents (9/211, 4%), and family members (4/65, 6%). The secondary attack 
rate from the 3 index teachers to the remaining 30 teachers was 33%; how-
ever, the rate to students was only 4%. Factors contributing to cluster forma-
tion include the fact that 2 of the index teachers continued working while 
symptomatic and that the environment and infection prevention measures in 
the teachers’ room were inadequate.
Conclusions: To open schools safely and without interruption, adequate 
measures to prevent COVID-19 infection in schools should be emphasized 
not only for children but also for teachers and their environment.
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In response to the pandemic of coronavirus disease 2019 
(COVID-19), school closures were implemented worldwide 

in early 2020.1 This intervention was derived from measures to 
reduce peak infection rates in the community during outbreaks of 

seasonal influenza, for which attack rates are higher in children 
than in adults.2 Accumulating evidence suggests that the harms of 
school closures for COVID-19 outweigh their benefits.1 School clo-
sures deprive children of their education and well-being.3 In Japan, 
primary and junior high schools closed nationwide from March 
2 to the end of March (before spring break) and from April 23,  
2020 to the end of May 2020. The closure continued until July in 
large cities where case numbers continued to be high. Thereafter, 
primary and junior high schools have remained open, with inter-
mittent closures when suspected or confirmed COVID-19 cases 
were identified in schools.

Children are not the main driver of COVID-19 commu-
nity transmission.4 Schools reopened with a variable process 
that was not directly correlated with the number of COVID-19 
deaths.1 School reopening had less effect than community-based 
nonpharmaceutical interventions on the number of COVID-19 
patients.5 School attendance was not associated with COVID-19 
incidence, although close contact with COVID-19 patients (fam-
ily members rather than classmates) and inconsistent use of face 
masks at school were risk factors among children in the US.6 
In the United Kingdom, COVID-19 outbreaks at school were 
correlated with regional incidence.7 Similarly, most COVID-19 
cases in Canadian schools resulted from community transmis-
sion, not from transmission within schools.5 Even when a child 
was infected, school transmission was reported to be rare in 
developed countries such as the US,8 France,9 Australia10 and 
Japan.11

The World Health Organization and other authorities have 
published several documents addressing key points for COVID-19  
prevention and control in schools.12 In Japan, the government pub-
lished a manual of COVID-19 infection prevention and control at 
school.11 The principles outlined in these documents are similar. 
They emphasize hand hygiene, respiratory etiquette, mask use, 
physical distancing, environmental cleaning, ventilation, absence 
of sick persons and contact tracing in combination with isolation 
and quarantine. Most importantly, they highlight the need for con-
tinuing education by means of measures that are consistent with 
levels of community transmission of severe acute respiratory syn-
drome-coronavirus-2 (SARS-CoV-2).

Several studies have examined COVID-19 transmission and 
cluster formation at school.7,8,10,13 However, these studies address 
the overall characteristics of COVID-19 incidence at schools in 
a country; few include detailed individual descriptions. Develop-
ing evidence-based COVID-19 recommendations for schools are 
necessary.14 In this report, we describe a primary school cluster of 
COVID-19 that originated in a teachers’ room, a setting that has sel-
dom been discussed in previous studies or guidance for COVID-19  
prevention and control in schools, although the need for infec-
tion prevention among teachers was clearly demonstrated by the 
high secondary attack rate from a previous teacher index case.15 
In Japan, each teacher has their own desk in teachers’ rooms, for 
work or rest, and the teachers’ room facilitates easy communication 
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among teachers. To better understand how to keep schools open 
safely and continuously, we analyzed the present school cluster 
originating in a teachers’ room.

METHODS

Data Collection
Niigata Prefecture, Japan, had a general population of 

2,199,746 in October 2020, including a population of 267,235 
(12%) younger than 15 years of age.16 There were 450 primary 
schools, with 105,818 students and 10,544 teachers.17 A primary 
school cluster of COVID-19 occurring in Niigata Prefecture dur-
ing the period from the end of November until the beginning of 
December 2020 was investigated by the public health service of 
health centers, under the authority of the Department of Health and 
Welfare, Niigata Prefectural Office, and officially reported by the 
Department.

In Japan, health centers are responsible for promoting public 
health in several municipalities, and for investigating outbreaks and 
contact tracing. We did a further investigation using the informa-
tion from the health centers, which include demographic character-
istics and information on the time course of symptoms and labora-
tory test results of patients and contact tracing, demographic data 
of teachers, maps and layouts of the teachers’ room and classroom 
where COVID-19 transmission was confirmed and progression of 
the school cluster.

We used a database of COVID-19 incidence by prefecture 
in Japan for the cumulative number of patients in Niigata Pre-
fecture.18

Case Definitions
The index case was defined as the first infected person, as 

determined by laboratory diagnosis for COVID-19 and the earliest 
date of symptom onset. The index case group was defined as the 
initially recognized patients with preceding symptoms. The sec-
ondary attack rate was defined as the percentage of persons with a 
laboratory diagnosis of COVID-19 among all contacts surveyed in 
the outbreak investigation.

Viral Analyses
A reverse transcription-PCR (RT-PCR) assay for SARS-

CoV-219 using saliva or a nasopharyngeal swab was performed at 
the Niigata Prefectural Institute of Public Health and Environmental 
Sciences or, in a few cases, at each hospital. Rapid antigen testing 
was performed at each hospital for symptomatic patients. Whole-
genome sequencing of positive RT-PCR samples from each teacher, 
student and family member was performed at the National Institute 
of Infectious Diseases in Japan. The virus was classified by Pango 
Lineage (Ver: 2021.6.5).20 A phylogenetic tree was constructed 
based on whole-genome sequence with virus strains obtained 
in Niigata Prefecture between November 1 and December 31,  
2020, using MEGA7 software.21

Ethics Approval
We used anonymous and public data; thus, the requirement 

for informed consent was waived for this study. This study was 
approved by the Ethics Committee of Niigata University (2020-
0499).

Statistical Analysis
The proportion of symptomatic patients was compared 

between adults and children by using the χ2 test and STATA version 
16.1 (Stata Corp, TX, USA). A two-tailed P value of <0.05 was 
considered to indicate statistical significance.

RESULTS

COVID-19 Cumulative Numbers in Niigata 
Prefecture

The cumulative numbers of COVID-19 patients per mil-
lion of the general population in Niigata were 82.8 and 151.1 on 
November 1, and December 1, 2020, respectively.

A COVID-19 Cluster at School
The primary school had 33 teachers and 211 students (see 

Table, Supplemental Digital Content 1, http://links.lww.com/INF/
E542). The students were wearing masks all the time at school. The 
entrance doors, windows at the corridor side of the classroom and 
facing to outside left open, although the windows of the classroom 
facing to outside were closed (see Figures, Supplemental Digital 
Content 2, http://links.lww.com/INF/E543 and 3, http://links.lww.
com/INF/E543) because of cold temperature. An air conditioner 
and forced flue heater were installed in every room. The students 
sat at their desks arranged not to face each other during classes 
and lunchtime. On Friday, November 20, 2020, 5 teachers (T1–T5), 
who were symptomatic on the day of laboratory diagnosis, were 
diagnosed as having COVID-19 (Fig. 1), which triggered an out-
break investigation and contact tracing. Three (T1–T3) were symp-
tomatic before the diagnosis (T1: the index case and T1–T3: the 
index case group); T3 had fever, and T1 and T2 had been work-
ing with symptoms until their diagnosis. T1 developed sore throat 
on November 9, 2020, and later cough and fever. However, 5 days 
before the laboratory diagnosis, T1 was absent from school for 1 
day and left early for 2 days because of symptoms. T2 worked at 
school with a sore throat and hoarseness during the 3 days before 
laboratory diagnosis. All infected teachers (T1–T5) reported no 
close contact with confirmed COVID-19 cases.

This school cluster included 26 patients: 13 teachers, 9 stu-
dents and 4 family members. The time course and epidemic curve 
of the patients are shown (Figs.  1 and 2). The school closed on 
Tuesday, November 24, in response to the identification of multi-
ple COVID-19 patients during the weekend and subsequent public 
holiday. The outbreak investigation and contact tracing included 
332 individuals: all 30 teachers, 211 students, the close contacts 
of 65 family members and 27 others. The proportions of patients 
were 39% (13/33) of teachers, including the index case group, 4% 
(9/211) of students, 6% (4/65) of family members and 0% (0/27) 
of other contacts. The secondary attack rate among teachers was 
33% (10/30).

The characteristics of patients are summarized in Table 1. 
Overall, 58% were symptomatic. The proportion of symptomatic 
patients was higher in adults (73%) than in children (44%), but 
the difference was not significant (P = 0.16). All patients with  
COVID-19 were admitted to the hospital, except for 3 students 
who recovered at home; thereafter, 3 teachers and 3 students were 
moved from the hospital to a hotel for recuperation. There were no 
deaths. No further infections among students were identified after 
school closure.

The virus was classified as genetic lineage B.1.1.214 and 
did not possess the representative spike mutations (eg, N501Y or 
E484K). The virus strains obtained from each teacher, student and 
family member in this school cluster made one group independent 
of other virus strains obtained in Niigata Prefecture in the lineage 
B.1.1.214 (see Figure, Supplemental Digital Content 4, http://links.
lww.com/INF/E543).

A possible transmission route was identified after examin-
ing daily contacts, symptom onset and timing of laboratory diagno-
sis (Fig. 3). The cluster seemed to have started from the teachers, 
most likely T1 working while symptomatic. The 9 students with 
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COVID-19 were limited to 2 classes in the third and sixth grades. 
The proportion of patients was 33% in 1 third grade class and 15% 
in 1 sixth grade class (see Figures, Supplemental Digital Content 2,  
http://links.lww.com/INF/E543 and 3; http://links.lww.com/INF/
E543). In total, 6 homeroom teachers (T1, T2, T4, T8, T10 and T12) 
were infected with SARS-CoV-2. The attack rate from infected 
teachers to students was low (4%). Two teachers (T5 and T7)  
provided special support for student S7, who had autism spectrum 
disorder, and student S6, who had attention deficit hyperactiv-
ity disorder (ADHD). Additionally, S5 had ADHD and S9 had a 
developmental disorder. In total, 44% of students requiring special 
educational support developed COVID-19. SARS-CoV-2 initially 
spread among the teachers. It then spread from teachers to students, 
most likely by close contact during individual instruction, and then 
to family members.

The Teachers’ Room as a Potential Source of the 
Cluster

Because the teachers seemed to be the starting point of the 
school cluster, the teachers’ room was further investigated (see 
Figure, Supplemental Digital Content 5, http://links.lww.com/INF/
E544). The median age of the 33 teachers was 47 years (range, 
24–67 years); 33% were male. The teachers’ room comprised the 
principal’s room, printing room and main room. The teachers’ room 
at this school was reported to be the smallest in the city, and teachers 
found it difficult to pass behind the desks. There were no partitions 
between desks. Opposed to strict infection prevention and control 
activities in the classrooms, teachers did not always wear masks in 
the inadequately ventilated teachers’ room (eg, the entrance doors 
and windows at the corridor side left always open, although the 
windows facing to outside were open occasionally). At lunchtime, 
homeroom teachers ate lunch in their own classrooms, but the other 

16 teachers, who did not have their own classes, ate lunch in the 
teachers’ room. As shown in Figure, Supplemental Digital Content 5,  
http://links.lww.com/INF/E544, the infected teachers were not 
located in a single area of the teachers’ room. No specific gath-
ering of teachers was noted between November 9 and November 
20, 2020. The principal had regular contact with the teachers, to 
provide guidance. Teachers supporting students with special needs 
performed their educational activities in the teachers’ room and in 
classrooms. Before the reopening of the school, on December 7,  
2020, an extra teachers’ room was established, partitions were 
placed between desks, and frequent air ventilation was enforced to 
address deficiencies in the teachers’ room.

DISCUSSION
This primary school cluster likely started in the teachers’ 

room, which underscores the importance of infection prevention 
and control among teachers when attempting to protect students 
from COVID-19 and keep schools open. At schools, teachers were 
the main source of COVID-19 clusters,7 and the secondary attack 
rate was higher for teacher index cases than for student index 
cases.15 In the household setting, most index cases are adults; 
children are rare drivers of COVID-19 family clusters.22 In Japan, 
adults were the primary case-patients in more than 96% of famil-
ial clusters of COVID-19,23 and this finding appears applicable to 
educational settings.

Among educational institutions in the United Kingdom, 
the risk of COVID-19 outbreaks is highest for primary schools, 
although rates have been very low and the size of COVID-19 out-
breaks has been small. The median number of secondary cases was 
1 (interquartile range 1–4) in 27 primary school outbreaks during 
the early summer of 2020.7 In Japan, there were 1996 COVID-19 

FIGURE 1.  Time course of symptoms and laboratory diagnosis of patients with coronavirus disease 2019 in a school 
cluster during November and December 2020 in Niigata, Japan. SARS-CoV-2 indicates severe acute respiratory syndrome 
coronavirus 2.
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cases at schools (primary through high school) between August and 
November 2020. Among them, no transmission was confirmed in 
78%, and 5 or more secondary transmissions was observed in only 
3%. The highest rate of COVID-19 outbreak with 5 or more infected 

persons was at high schools (0.75%), compared with the lowest rate 
at primary schools (0.06%).11 A similar trend was also observed 
in Italy.24,25 Thus, older children seem important to determine  
COVID-19 transmission. The present primary school cluster was 
one of the largest; it affected 23 contacts, and the high secondary 
attack rate of 33% is notable, as it is higher than the household 
secondary attack rate (17%).26 In contrast to the high secondary 
attack rate among teachers (33%), the transmission rate from 
infected teachers-to-students was low (4%). Among the 6 class-
room teachers, 4 (67%) did not infect students. The probable trans-
mission of COVID-19 in 55 school outbreaks in the UK occurred 
from teachers-to-teachers in 47% and from teachers-to-students 
in 15%, from students-to-teachers in 29%, and from students-to-
students in 9%.7 In the present study, transmission was most likely 
from teachers-to-teachers, followed by teachers-to-students, and 
teachers/students-to-their family members (Fig. 3). No student-to-
student transmission was identified. The main transmission from 
teachers-to-teachers might contribute to a significant large outbreak 
at a primary school.

The main trigger of this cluster was teachers who continued 
working while symptomatic. The shortage of teachers in Japan has 
long been a problem, and we assume that the symptomatic teacher 
hesitated to take sick leave because of the difficulty in finding a 
substitute teacher. Flexible attendance and sick leave policies are 
needed to ensure safe school openings.11,12 Lowering the threshold 
for COVID-19 laboratory testing of school teachers might be pru-
dent because adults are drivers of COVID-19 transmission to chil-
dren.22 Actually, the teachers were the main source of the COVID-19  
clusters at primary schools in the US.27 A prospective study of 
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FIGURE 2.  Epidemic curve of a school cluster. The figures illustrate symptom onset (A) and laboratory diagnosis (B). COVID-19, 
coronavirus disease 2019.

TABLE 1.  Characteristics, Symptoms and Laboratory 
Diagnosis of Patients in a School Cluster of COVID-19

 
Total  

(n = 26)
Teachers  
(n = 13)

Students  
(n = 9)

Family  
members  

(n = 4)

Age median (range) 37 (8–67) 48 (26–57) 9 (8–12) 55 (32–67)
Male sex 14 (54) 5 (38) 7 (78) 2 (50)
Asymptomatic 11 (42) 5 (38) 5 (56) 1 (25)
Symptomatic 15 (58) 8 (62) 4 (44) 3 (75)
  Fever 12 (46) 6 (46) 3 (33) 3 (75)
  Sore throat 7 (27) 4 (31) 1 (11) 2 (50)
  Cough 4 (15) 2 (15) 0 (0) 2 (50)
  Nasal congestion 2 (8) 2 (15) 0 (0) 0 (0)
  Headache 2 (8) 0 (0) 0 (0) 2 (50)
  Hoarseness 1 (4) 1 (8) 0 (0) 0 (0)
  Abdominal pain 1 (4) 0 (0) 1 (11) 0 (0)
  Joint pain 1 (4) 1 (8) 0 (0) 0 (0)
  Taste dysfunction 1 (4) 1 (8) 0 (0) 0 (0)
Diagnostic assay
  RT-PCR 24 (92) 12 (92) 8 (89) 4 (100)
  Rapid antigen test 2 (8) 1 (8) 1 (11) 0 (0)

Data are shown as number (percentage) unless otherwise indicated.
COVID-19 indicates coronavirus disease 2019; RT-PCR, reverse transcription poly-

merase chain reaction.
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Norwegian primary schools revealed minimal child-to-child (1%) 
and child-to-adult (2%) transmission, suggesting that children 
are not drivers of COVID-19 transmission at school.13 It was also 
reported that a symptomatic COVID-19-infected child with close 
contacts in 3 different schools did not transmit the disease.9 These 
facts are in contrast to the equivalence of pediatric viral load and 
shedding in the upper respiratory tract in adults.28,29 It is advisable 
to establish a system in which symptomatic teachers will not hesi-
tate to remain home and can receive support from other teachers or 
teach their classes online. Infection prevention among teachers is 
crucial in preventing school clusters of COVID-19. Such measures 
should focus on avoiding any risks by teachers and on identifying 
teachers with mild symptoms during the COVID-19 pandemic.

The inadequate environmental conditions and infection 
control procedures in the teachers’ room spurred COVID-19  
transmission among teachers. The “three Cs”, that is, closed 
spaces with poor ventilation, crowded places and close-contact 
settings, are the main components for a SARS-CoV-2 super-
spreader event.30 Such events have had a major role in COVID-19 
transmission; in fact, 19% of patients were responsible for 80% 
of all transmission events in Hong Kong, while 69% of patients 
did not infect others.31 The teachers’ room of this school cluster 
met all of the “three Cs”. SARS-CoV-2 is primarily transmitted by 
respiratory droplets during face-to-face contact; thus, a face mask 
can reduce transmission.32 Inadequate use of face masks might 
have contributed to further transmission of COVID-19 in this 
school cluster. The exemption of face masks due to an extreme 
heatwave at a high school in Israel combined with crowded classes 
with symptomatic students caused a large COVID-19 outbreak.33 
Notably, the infected teachers were not located in a specific 
area of the room (see Figure, Supplemental Digital Content 5,  

http://links.lww.com/INF/E543). Epidemiologic observation indi-
cates that airborne transmission of SARS-CoV-2 is possible, espe-
cially when ventilation is inadequate.34 Insufficient ventilation of 
the teachers’ room might explain the scattered positioning of the 
infected teachers. To address the problem of crowded, close-con-
tact settings, schools should ensure adequate teacher distancing or 
put partitions between desks, to avoid droplets from nearby teach-
ers, or arrange the desks to avoid face-to-face interaction in teach-
ers’ rooms. A prospective study of Australian schools found that 
teachers and students did not significantly contribute to COVID-19  
transmission at schools with effective case-contact testing and epi-
demic management strategies.10 Likewise, secondary COVID-19  
transmission was extremely rare at a US school with in-person 
instruction.8 In Sweden, schools have been kept open during the 
COVID-19 pandemic. The incidence of severe COVID-19 in stu-
dents has been low, and the relative risk for teachers was lower 
than for other occupations, excluding healthcare workers.35

Notably, nearly half of the students with COVID-19 in this 
school cluster needed special educational support. Frequent close 
contact is inevitable for teachers who provide special support for 
children. Nevertheless, the principles of infection control for teach-
ers in this situation remain the same, namely, to reduce student 
direct exposure to droplets by the correct use of face masks and 
avoidance of face-to-face talking and loud speaking with students.

This cluster was caused by lineage B.1.1.214, which does 
not have currently spreading mutations in the spike protein, such as 
N501Y and E484K. The phylogenetic tree analysis suggested that 
4 strains including B.1.1, B.1.1.214, B.1.1.284 and R.1 were circu-
lating in Niigata Prefecture and that the independent virus strain 
in B.1.1.214 caused the school cluster (see Figure, Supplemental 
Digital Content 4, http://links.lww.com/INF/E543).

FIGURE 3.  Possible transmission and relationships between patients with coronavirus disease 2019 in a school cluster. 
Teachers T5 and T7 provided individualized support for student S7, who had autism spectrum disorder and S6, who had 
attention deficit hyperactivity disorder.
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This study was limited by the nature of the study design. We 
were unable to enroll patients prospectively and genotype all the 
virus strains. We were also unable to clarify the actual transmission 
routes in school, and the reasons why some teachers were infected, 
and some were not.

In conclusion, because children with SARS-CoV-2 are usu-
ally infected by adults, teachers are the key not to spread the virus 
in school. Our experience with a school cluster originating in a 
teachers’ room has yielded important information on the safe open-
ing of schools.
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