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ABSTRACT 

Background 

A decrease in pediatric hospitalizations during the coronavirus disease 2019 

(COVID-19) pandemic has been reported worldwide; however, few studies 

examined areas with a limited number of COVID-19 cases, where influenced by 

viral interference by severe acute respiratory syndrome coronavirus-2 (SARS-

CoV-2) is minimum.  

Methods 

We conducted an epidemiological study of pediatric hospitalizations on Sado, 

an isolated island in Niigata, Japan, that was unique environment with few 

COVID-19 cases and reliable pediatric admissions monitoring. We compared 

numbers of monthly hospitalizations and associated diagnoses for the periods 

April 2016 through March 2020 (pre-pandemic period) and April 2020 through 

March 2021 (pandemic period).  

Results 

Data were analyzed for 1,144 and 128 patients in the pre-pandemic and 

pandemic periods, respectively. We observed only 3 adults and no pediatric 

COVID-19 cases during the pandemic period. The number of monthly 



 
 

admissions was significantly lower in the pandemic period (median [interquartile 

ranges(IQR)]: 11.0 [7.0-14.0]) than in the pre-pandemic period (23.0 [20.8-28.3]) 

(P < 0.001). Similar decreases were observed for hospitalizations due to 

respiratory tract infection (P < 0.01), but not for asthma exacerbation (P = 0.15), 

and gastrointestinal tract infection (P = 0.33).  

Conclusions 

Pediatric hospitalizations during the pandemic significantly decreased on an 

isolated Japanese island where COVID-19 was not endemic and all pediatric 

admissions were ascertainable. This observation highlights the impact of 

decreased travel and increased awareness of infection control measures on 

pediatric hospitalizations due to infectious diseases, not by the SARS-CoV-2 

viral interference.  
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INTRODUCTION 

After the initial report in Wuhan, China, in December 2019, the first case of 

coronavirus disease 2019 (COVID-19), caused by severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2), was reported in Japan on January 16, 

2020. Since then, the number of COVID-19 cases has been increasing, with 

periodic waves. To limit movement of people and promote basic infection 

preventive measures, the Japanese government twice declared a state of 

emergency: from April 7 to May 25, 2020, and from January 8 to March 21, 

2021. 

During the current COVID-19 pandemic, pediatric hospitalizations were reported 

to have decreased worldwide (1, 2). A previous meta-analysis suggested that 

this reduction was due to decreased movement of people and increased 

awareness of hygiene, particularly basic infection prevention measures such as 

hand hygiene, masking, and physical distancing (3). However, most studies 

were conducted in areas where COVID-19 incidence was high (1,4–6). Viral 

interference, a virus-virus interaction in which the infection and/or replication of 

one virus is altered by the presence of another virus within the same host, has 

been shown between SARS-CoV-2 and H3N2 influenza virus in an animal 



 
 

model (7). Thus, SARS-CoV-2 itself might affect incidences of other infectious 

diseases by viral interference (8) or other mechanisms. 

 Sado Island, Niigata Prefecture, is located in the Sea of Japan and is 

one of the largest remote islands in Japan (Supplementary Figure 1). The total 

population was 52,467 in 2020, and the population less than 15 years was 

5,090 in 2020, ie, approximately 10% of the total population of the island. Sado 

Island is a popular tourist destination, and approximately 500,000 tourists 

visited the island annually before the COVID-19 pandemic. The island is only 

accessible by ship; thus, it is easy to count the number of tourists and 

understand the flow of people to/from the island. There are 2 sea routes 

between the island and mainland, and ferries operate approximately 3 to 5 

round trips per day, depending on the season. The island has only 2 hospitals 

(Sado General Hospital and Ryotsu Hospital) that care for inpatient and 

outpatient pediatric patients (Supplementary Figure 1). Therefore, almost all 

children who need medical care visit one of these hospitals, and the combined 

number of pediatric hospitalizations for these 2 hospitals is the total number of 

pediatric hospitalizations on the island. In contrast to other regions of Japan, 

COVID-19 incidence was limited on Sado Island, and no SARS-CoV-2 outbreak 



 
 

was reported until April 2021, 1 year after the first declaration of emergency 

status in Japan. Although no case was reported on Sado Island, a state of 

emergency was declared in Niigata Prefecture, where the island is located, on 

April 21, 2020. 

We conducted an epidemiological survey of pediatric hospitalizations before 

and during the COVID-19 pandemic among children living on Sado Island, 

which had few COVID-19 cases, to clarify the effects of travel limitations and 

increased awareness of infection control. 

 

MATERIALS AND METHODS 

Patients 

This retrospective cohort study investigated the records of pediatric patients 

less than 15 years admitted to Sado General Hospital or Ryotsu Hospital on 

Sado Island before and during the COVID-19 pandemic, ie, between April 1, 

2016 and March 31, 2021. April was set as the beginning of the study period 

because the COVID-19 pandemic started in Japan in April 2020. We counted 

the monthly numbers of pediatric hospitalizations for both hospitals and 

analyzed the number of pediatric hospitalizations in relation to diagnoses 



 
 

associated with common infections and related conditions at admission, namely 

respiratory tract infection (pneumonia, bronchitis, and bronchiolitis, etc.), 

asthma exacerbation, and gastrointestinal tract infection (viral gastroenteritis, 

infectious colitis, etc.) by using the data from the Diagnosis Procedure 

Combination (DPC) under the national health insurance system. In terms of 

indication for hospitalization in two hospitals, a board-certified, senior 

pediatrician in each hospital had been in charge of pediatric hospitalization 

during the study periods. There had been no difference in indications for 

hospitalization in the two hospitals during the study period. 

Data Collection 

To determine the effects of diminished travel and promotion of basic infection 

control strategies attributable to the state of emergency declaration in Japan, 

we classified patients by date of admission as those admitted before and after 

the first declaration, namely, patients admitted from April 1, 2016 through March 

31, 2020 (pre-pandemic period: 4 years) and from April 1, 2020 through March 

31, 2021 (pandemic period: 1 year). We collected the following information for 

these periods: 1) clinical data from the medical records of each facility, including 

age, gender, diagnosis, and days of hospitalization, 2) numbers of positive 



 
 

SARS-CoV-2 PCR and antigen tests in the pediatric departments of the 2 

hospitals, 3) numbers of monthly passengers on ferries traveling between 

mainland Japan and Sado Island during the study period (data obtained from 

the ferry company), 4) numbers of COVID-19 patients in Japan and number of 

school and nursery closures in Sado Island (data obtained from the websites of 

the ministry of Health, Labor and Welfare of Japan and Sado City, respectively) 

(9,10), and 5) numbers of the general population in each age group less than 15 

years in Sado Island, obtained from the Sado City Office. This study used the 

opt-out method and was approved by the Ethics Committee of Sado General 

Hospital (approval number: sgh20211020-0274). No informed consent was 

obtained from patients. 

 

Statistical Analysis  

Monthly mean numbers of total pediatric admissions and disease-specific 

pediatric admissions were compared between the pre-pandemic and pandemic 

periods. Descriptive statistics are reported as medians with interquartile ranges 

(IQR) or as means with standard deviations (SD), as appropriate. Continuous 

variables were compared with the Mann-Whitney U test, and categorical 



 
 

variables were compared with the chi-square test. Total and disease-specific 

hospitalizations per month during the 2 periods were compared by using odds 

ratios (ORs) and 95% confidence intervals (CIs). The ORs were adjusted by 

calculating the number of hospitalization numbers per 1,000 children each year. 

Furthermore, we calculated the ORs for the patients less than 5 years because 

this age group was the majority of the patients. Furthermore, we divided the 

patients less than 5 years into the following; 1) less than 1 year, 2) 1 year, and 

3) 2-4 years. A two-sided, P-value of less than 0.05 was set as the cutoff value 

for a significant difference. Statistical analysis was performed by using EZR on 

R commander software version 1.54 (11). 

 

RESULTS 

In Sado Island, the populations of children less than 15 years each year were 

5,765 in 2016, 5,591 in 2017, 5,391 in 2018, 5,228 in 2019, and 5,090 in 2020, 

respectively. The population of children less than 5 years each year has 

decreased year by year; 1,744 in 2016, 1,638 in 2017, 1,558 in 2018, 1,461 in 

2019, and 1,314 in 2020. The number of children less than 5 years significantly 

decreased by approximately 25% in 2020 compared to 2016 (Supplementary 



 
 

Table 1). We collected data from 1,272 pediatric patients hospitalized in the 2 

hospitals during the period from April 1, 2016 through March 31, 2021. Of the 

1,272 patients, 1,144 (89.9%) were hospitalized in the pre-pandemic period 

(median age [IQR], 1.9 [0.7-5.5] years; 610/1,144 males [53.3%]), and 128 

(10.1%) were hospitalized in the pandemic period (median age [IQR], 1.6 [0.3-

5.2] years; 68/128 males [53.1%]). There was no significant difference in age, 

gender, or the number of days of hospitalization between the 2 periods (P > 

0.23) (Table 1, 2). 

 The number of hospitalized patients (Supplementary Table 2) and 

general population (Supplementary Table 1) in each age on Sado Island in the 

pre-pandemic and pandemic periods are shown. These demonstrated that the 

majority of the hospitalization was children less than 5 years in pre-pandemic 

(72.6%) and pandemic periods (71.9%). The average number of monthly 

pediatric admissions was significantly lower in the pandemic period (median 

[IQR], 11.0 [7.0-14.0]) than in the pre-pandemic period (23.0 [20.8-28.3]) 

(adjusted OR (aOR) 0.47, 95% CI 0.29-0.71, P < 0.001). When we classified 

patients by admission diagnosis, the monthly number of hospitalized patients 

with respiratory tract infections was significantly lower in the pandemic period 



 
 

(median [IQR], 6.5 [5.0-9.0]) than in the pre-pandemic period (1.0 [0-1.3]; aOR 

0.20, 95% CI 0.04-0.61, P < 0.01). However, the monthly number of hospitalized 

patients with asthma exacerbation was not significantly lower in the pandemic 

period than in the pre-pandemic period (1.0 [0.8-3.0]/month vs. 0 [0-0.3]/month, 

respectively; aOR 0.23, 95% CI 0.01-1.50, P = 0.15). The trend was similar for 

patients with gastrointestinal tract infections (1.0 [0-2.0]/month vs. 0 [0-

0.3]/month, respectively; aOR 0.29, 95% CI 0.01-1.88, P = 0.33) (Table 1, 

Figure 1-3).  

When we compared the admission rates in children less than 5 years, 

decreases in the number of total hospitalizations (P < 0.001) and 

hospitalizations for respiratory tract infections (P < 0.001) were observed (Table 

2). When we divided the patients 1) less than 1 year, 2) 1 year, and 3) 2-4 

years, the monthly number of hospitalization due to respiratory tract infections 

was significantly lower during the pandemic period in all age groups, especially 

in patients at 1 year (aOR 0.06, 95% CI 0.03-0.13) (Table 2). Other diagnoses 

included urinary tract infections, Kawasaki disease, febrile convulsions, 

epilepsy, and respiratory diseases in newborns such as transient tachypnea of 

the newborn and respiratory distress syndrome, etc. 



 
 

 There were 475,241 COVID-19 cases during the study period in Japan 

(Figure 4) and only 3 adult COVID-19 cases during the study period on Sado 

Island: the first was confirmed in July 2020 and the other 2 in January 2021. No 

COVID-19 patient less than 15 years was reported on Sado Island during the 

study period (Figure 4). The average annual number of passengers on ferries 

between Sado Island and mainland Japan was 1,470,305 in the pre-pandemic 

period and 701,155 in the pandemic period (Figure 4). No school or nursery 

closure was reported on Sado Island during the study period.  

 

DISCUSSION 

During the SARS-CoV-2 pandemic, the total number of pediatric hospitalizations 

was significantly lower in the pandemic period than in the pre-pandemic period, 

although a few COVID-19 cases were reported in Sado Island. The decrease 

was most likely due to reduced travel and increased awareness of infection 

control among the island’s residents. The number of pediatric admissions 

attributable to infectious diseases and related conditions was significantly lower 

in the pandemic period than in the pre-pandemic period. 

Although several studies reported decreases in pediatric 



 
 

hospitalizations during the SARS-CoV-2 pandemic (1,4–6), almost all examined 

pediatric hospitalizations in areas with a high prevalence of COVID-19. A study 

in Kobe, Japan, identified 3,417 COVID-19 cases during the study period, and 

307 (9.0%) of the patients were younger than 20 years (5). In children, the 

prevalence of a viral disease might be affected by the presence of other viral 

diseases, because of viral interference (12–14) or cross-reactivity of existing 

antibodies against related viruses (15). This possibility has been suggested for 

SARS-CoV-2 infection (15–17). In the present study, only a few adults were 

diagnosed with COVID-19, and no pediatric COVID-19 case was reported 

during the study period. Thus, the present results were probably not directly 

affected by the SARS-CoV-2 infection by SARS-CoV-2 viral interference, which 

could have potentially influenced the epidemiologic characteristics of other viral 

diseases.  

This study was unique because it was performed on an isolated island 

with limited medical resources. Almost all pediatric patients visited 1 of the 2 

hospitals studied; thus, all pediatric hospitalizations on the island were 

identified. A study of a tertiary referral hospital in a non-endemic area in Japan 

reported similar results for outpatient and inpatient settings (18); however, the 



 
 

number of pediatric cases identified might not have accurately reflected the 

numbers in the area, as pediatric patients might refrain from visiting a tertiary 

hospital because of fear of exposure to COVID-19 or because they visited 

another pediatric clinic or hospital. Thus, the number of pediatric patients 

identified might be underestimated. 

Interestingly, the influenza endemic has been completely suppressed in 

Japan during the COVID-19 pandemic (19), whereas RSV endemics among 

Japanese children have surged since 2021 (20). The increase started at the 

beginning of 2021 and peaked in June of that year when incidence was roughly 

double that of the highest incidence before the pandemic (Supplementary 

Figure 2). During the previous decade, the peak of the RSV endemic moved 

toward early autumn, so the pattern differs from those of previous years 

(Supplementary Figure 2). In Japan, viral infections other than rhinoviral 

infection in children have been suppressed during the COVID-19 pandemic 

(21). Rhinovirus interferes with the influenza A virus at the host and population 

level (13, 21); thus, this increase in rhinoviral infection is likely attributable to the 

absence of influenza viruses in the population. These interesting, and 

complicated, observations suggest that through a similar mechanism, SARS-



 
 

CoV-2 interacts differently with each virus through viral interference or cross-

reactivity against other viruses. 

There are 2 possible reasons for the decrease in pediatric 

hospitalizations, especially those due to infectious diseases and related 

conditions, on Sado Island during the SARS-CoV-2 pandemic. First, the 

decrease in travel has resulted in a general reduction in infectious disease 

spread. The prevention of infectious disease importation by quarantine was 

reported to be a reason for Hong Kong’s early success in controlling the spread 

of the SARS-CoV-2 pandemic (23), and control of domestic travel may be 

effective in preventing the spread of the SARS-CoV-2 pandemic (24). Thus, 

controlling the flow of people is important in reducing the spread of infectious 

diseases. Like SARS-CoV-2, other respiratory infectious diseases are affected 

by a decrease in travel. In other countries, the number of pediatric infections by 

influenza, RSV, and other respiratory viruses decreased after travel restrictions 

were imposed during urban lockdowns (25,26). Similarly, in Japan, a decrease 

in the number of passengers on domestic and international airlines might have 

contributed to a reduction in RSV cases (27). After the declaration of a state of 

emergency in spring 2020, the number of ferry passengers traveling from 



 
 

mainland Japan to Sado Island decreased (Figure 4), and this restriction in 

travel may have contributed to the reduction in respiratory infections among 

children. 

 Second, increased awareness of infection control may have affected the 

spread of infectious diseases. In addition to declaring a state of emergency, the 

Japanese government requested people to avoid the “3 Cs” (closed spaces, 

crowded places, and close-contact settings) as part of a new lifestyle that 

emphasized physical distance between people, masking, and hand hygiene as 

basic infection control measures (10). Since the first emergency declaration in 

Japan, awareness of infection control among the population has significantly 

improved (10). Besides, in a survey conducted by Sado City regarding changes 

in the health awareness and awareness of infection control measures (28), the 

residents of Sado Island have significantly increased their awareness of 

infection control measures after the start of the COVID-19 pandemic. A previous 

study showed that improved hand hygiene reduced the rate of infections 

requiring hospitalization (29), and a meta-analysis of randomized controlled 

trials of suppression of SARS-CoV-2 infection by masking, hand hygiene, and 

physical distancing showed that these infection control measures helped reduce 



 
 

COVID-19 incidence (3). Thus, a consensus developed that masking and hand 

hygiene are effective ways to prevent the spread of infectious diseases (3,30–

34).  

This study has several limitations that warrant mention. First, because it 

focused on pediatric hospitalizations and not on outpatients, we were unable to 

capture the entire picture of pediatric infectious diseases and related conditions. 

Second, we were unable to assess disease severity. However, the duration of 

hospital stay was similar before and during the SARS-CoV-2 pandemic, which 

suggests that disease severity was similar in these periods. Third, we were not 

able to identify detailed disease conditions and causative microorganisms in the 

respiratory tract and gastrointestinal infections, due to the limited numbers of 

subjects and the use of diagnosis registered for DPC under the national health 

insurance system, which does not provide detailed disease conditions. Fourth, 

the population number of cases was small in the study, and the ORs of 

hospitalizations with bronchial asthma exacerbations and gastrointestinal tract 

infections were not significant due to the beta-error; however, a larger 

epidemiological analysis is impossible in the isolated region. 

 



 
 

Conclusion 

COVID-19 incidence was negligible on Sado Island, and the number of pediatric 

hospitalizations was lower during the pandemic than before it. These findings 

highlight the impact of decreased travel and increased awareness of infection 

control measures on pediatric hospitalization for infectious diseases and related 

conditions, not by the viral interference by SARS-CoV-2. 
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Table 1. Comparison of patients’ characteristics and number of hospitalization between pre-pandemic and pandemic periods 
in children less than 15 years 

 
Pre-pandemic period 

April 2016 - March 2020 

(N = 1,144) 

Pandemic period 

April 2020 – March 2021 

(N = 128) 

 

Patients’ characteristics P-value 

Age, years (median, [IQR]) 1.9 [0.7-5.5] 1.6 [0.3-5.2] P = 0.24† 

Gender, Male, n (%) 610 (53.3%) 71 (53.8%) P = 0.93‡ 

Average numbers of days in hospital 

(median, [IQR]) 
3.0 [1.0-4.0] 2.0 [1.0-5.0] P = 0.58† 

Number of hospitalizations Adjusted Odds Ratio¶ (95%CI, P-value) 

Monthly average number of total 

hospitalizations (median, [IQR] ) 
23.0 [20.8-28.3] 11.0 [7.0-14.0] 

0.47 (0.29-0.71) 

P < 0.001*† 

Monthly average number of 

respiratory tract infection (median, 

[IQR]) 

6.5 [5.0-9.0] 1.0 [0-1.3] 
0.20 (0.04-0.61) 

P < 0.01*† 

Monthly average number of asthma 

exacerbation (median, [IQR]) 
1.0 [0.8-3.0] 0 [0-0.3] 

0.23 (0.01-1.50) 

P = 0.15† 

Monthly average number of 

gastrointestinal infection (median, 

[IQR]) 

1.0 [0-2.0] 0 [0-0.3] 
0.29 (0.01-1.88) 

P = 0.33† 

 



 
 

* Statistically significant. 

†Mann-Whitney U test, ‡Chi-square test 

¶Odds ratio was adjusted by calculation of the hospitalization per 1000 pediatric population on Sado Island. 

Abbreviations: IQR, interquartile range; OR, odds ratio; CI, confidence interval 

  



 
 

Table 2. Comparison of patients’ characteristics and number of hospitalization between pre-pandemic and pandemic periods in children less 

than 5 years 
 

Pre-pandemic period 

April 2016 - March 

2020 

(N = 830) 

Pandemic period 

April 2020 – March 

2021 

(N = 92) 

 

Comparison in subgroups 

Less than 1 year 1 year 2-4 years 

Patients’ characteristics P-value 

Age, years (median, [IQR]) 1.3 [0.3-2.3] 1.0 [0.2-2.2] P = 0.18
†
 P = 0.44

†
 P = 0.51

†
 P = 0.18

†
 

Gender, Male, n (%) 459 (55.3%) 53 (55.2%) P = 1.00
‡
 P = 0.89

‡
 P = 0.48

‡
 P = 1.00

‡
 

Average numbers of days in 

hospital (median, [IQR]) 
3.0 [1.0-5.0] 3.0 [1.0-5.0] P = 0.56

†
 P = 0.44

†
 P = 0.40

†
 P = 0.56

†
 

Number of hospitalizations Adjusted Odds Ratio
¶
 (95%CI, P-value) 

Monthly average number of 

total hospitalizations 

(median, [IQR] ) 

17.0 [14.0-21.0] 8.5 [4.8-10.5] 
0.50 (0.38-0.65) 

P < 0.001*
†
 

0.52 (0.44-0.62) 

P < 0.001*
†
 

0.34 (0.26-0.43) 

P < 0.001*
†
 

0.50 (0.38-0.65) 

P < 0.001*
†
 

Monthly average number of 

respiratory tract infection 

(median, [IQR]) 

6.0 [4.0-8.0] 1.0 [0-1.3] 
0.20 (0.10-0.39) 

P < 0.001*
†
 

0.27 (0.17-0.43) 

P < 0.001*
†
 

0.06 (0.03-0.13) 

P < 0.001*
†
 

0.32 (0.13-0.70) 

P < 0.01*
†
 

Monthly average number of 

asthma exacerbation  

(median, [IQR]) 

1.0 [0-1.0] 0 [0-0.3] 
0.35 (0.07-1.12) 

P = 0.10
†
 

- - 
0.47 (0.15-1.20) 

P = 0.14
†
 



 
 

Monthly average number of 

gastrointestinal infection 

(median, [IQR]) 

0 [0-1.0] 0 [0-0] 
0.21 (0.01-1.32) 

P = 0.16
†
 

- - 
0.22 (0.01-1.41) 

P = 0.15
†
 

 
* Statistically significant. 

†Mann-Whitney U test, ‡Chi-square test 

¶Odds ratio was adjusted by calculation of the hospitalization per 1000 pediatric population on Sado Island. 

Abbreviations: IQR, interquartile range; OR, odds ratio; CI, confidence interval 

 



 
 

Figure Legends 

Figure 1. Average monthly numbers of pediatric hospitalizations on Sado 

Island, Niigata, Japan, by diagnosis at admission, before and during the 

pandemic.  

The pre-pandemic period indicates the period from April 1, 2016 through March 

31, 2020, and the pandemic period indicates the period from April 1, 2020 

through March 31, 2021. Error bars indicate 95% confidence intervals. The 

monthly numbers of A) total pediatric hospitalizations, B) respiratory tract 

infections, C) asthma exacerbations, and D) gastrointestinal tract infections are 

shown. 

 

Figure 2. Annual change in the number of pediatric admission by 

diagnosis. 

Annual change in the number of pediatric admission by diagnosis are shown. 

The number of pediatric inpatients was corrected per 1,000 pediatric population 

in each year.  

 

Figure 3. Monthly numbers of pediatric hospitalizations on Sado Island, 



 
 

Niigata, Japan 

The number of pediatric hospitalizations started to decrease in early 2020, even 

though the first case of coronavirus disease 2019 on the island was confirmed 

in July 2020.  

 

Figure 4. Monthly cumulative numbers of ferry passengers to/from Sado 

Island, Niigata, Japan, and numbers of newly infected cases of 

coronavirus disease 2019 in Japan 

During the study period, only 3 cases of coronavirus disease 2019 were 

diagnosed on Sado Island. 

 

Supplementary Figure 1. Map of Sado Island 

Sado Island is located in the Sea of Japan and is part of Niigata Prefecture. On 

the island, Sado General Hospital and Ryotsu Hospital are the 2 hospitals 

responsible for managing pediatric outpatients and inpatients. There are 2 sea 

routes to reach Sado Island from mainland Japan. 

 

Supplementary Figure 2. Cases of influenza and respiratory syncytial 



 
 

virus (RSV) reported in the Japan Infectious Disease Weekly Report  

The numbers of cases of influenza and RSV reported in the sentinel weekly in 

Japan are shown. Reporting of the number of RSV cases began in 2018. The 

data are from the Infectious Disease Weekly Report Japan (IDWR) of the 

Ministry of Health, Labour and Welfare/National Institute of Infectious Diseases. 
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