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Indiscriminate regional lockdowns aim to prevent the coronavirus disease 2019 (COVID-19) infection by restricting the movement of people; however, this comes with psychological, social, and economic costs. Measures are needed that complement lockdowns and reduce adverse effects. Epidemiological studies, to date, have identified high-risk populations, but not workplaces appropriate for closure. This study was conducted to provide evidence-based measures that used exact and reliable follow-up data of the PCR-positive COVID-19 cases to complement lockdowns. The data are not subjected to selection or follow-up biases, since the Japanese government, by law, must register and follow all the PCR-positive cases until either recovery or death. Direct customer exposure may affect the quantity of viral inoculum received, which, in turn, may affect the risk of the severity of disease at infection. Therefore, the professions of the cases were grouped according to their frequency of direct customer exposure (FDCE) based on subjective observations, which resulted in five workplaces; hospital, school, food service, outdoor service, and indoor office being identified. Analyzing the follow-up data, we obtained precise estimates for the risk of severe disease, defined as intensive care unit (ICU) hospitalization or death, for the workplaces adjusted for age, sex, family status, and comorbidity. Major findings are as follows: hospital and school are the lowest risk, food and outdoor services are, despite higher FDCE, safer than indoor office. Unemployed and unclear are the highest risk, despite low FDCE. These results suggest the following workplace-specific measures complementing the lockdown: school should not be closed and indiscriminate closing of food and outdoor service industries should be avoided, since it would be more effective to reinforce their efforts to promote adherence to public health guidelines among students and customers. These actions would also reduce the adverse effects of the lockdown. This study is the first to address the causality between the workplaces and severe disease. We introduce FDCE and adherence to public health guidelines (APHGs) to associate the workplace characteristics with the risk of COVID-19 severity, which provided the basis for the measures complementing lockdowns.
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INTRODUCTION

The novel coronavirus disease 2019 (COVID-19), first appeared in Wuhan, China at the end of 2019, spread globally and as of March 11, 2021 has resulted in 2,624,677 deaths worldwide (1). In addition to this loss of life, measures to control the spread of the disease have resulted in the severe economic consequences for citizens and countries around the world (2).

Different efforts of the countries to control its spread include a variety of management techniques such as travel bans, quarantines, lockdowns, and mask mandates (3). Versions of these include restrictions, both total and partial on those entering countries from the high COVID-19 rate countries, domestic quarantines for arriving individuals, total and partial lockdowns based on the current situation at the moment, and federal, state, city, town, and private business mask rules (3–11). By April 2020, more than 90 countries were under various forms of lockdowns, resulting in about half of the population of world having been asked or ordered to stay at home by their governments (4). Nevertheless, the pandemic had not abated and the prevalence and mortality due to the COVID-19 in 27 countries failed to show a significant decline 15 days after the lockdown compared to the 15 days before the lockdown (2).

Although lockdowns have, despite other consequences, been effective in reducing the COVID-19 cases in many countries and/or regions during periods of rapid spread of the virus, they have caused mental health issues (5, 6), disrupted social lives (7, 8), decreased access to food and healthcare (9), and resulted in business closures and loss of employment and income (10). School closures have led to an unprecedented negative impact on education (11) with over 200 million students enrolled at primary, secondary, and higher levels of education being affected as of February, 2021 (12). In Japan, as a result of the suspension of operations in much of the service industry, many workers lost their jobs. There has also been an important psychological toll with 6,976 women in Japan taking their lives last year, a nearly 15% increase from 2019 which was the first year-over-year increase in more than a decade (13). While social distancing measures have decreased the transmission rate, they have failed to decrease the number of cases infected with the COVID-19 (14).

Since global deaths from the COVID-19 continue to increase, world governments and agencies are still working toward understanding who is most at risk of death (15). In Sweden, income and education levels were significantly associated with the COVID-19-related deaths (16), while in England, deprivation (essentially a measure of poverty) was positively associated with the COVID-19-related deaths (17). The risk of death for essential workers and healthcare workers (HCWs) has been well documented (18–20). In Britain, the risk of the COVID-19 deaths or intensive care unit (ICU) hospitalization for HCW is estimated to be 7.4 times that of non-essential workers (21). However, since the agreement between job at baseline 2006–2010 and the follow-up period 2014–2019 for a subsample of the cohort was substantially lower, 67% to 92%, their risk estimates would be subjected to biases due to the misclassifications (22).

While these previous findings can help to determine high-risk groups in need of administrative assistance, they are not immediately tied to any effective public health measures reducing the risk of severity of the COVID-19. More detailed results and some insight into the causality between the disease severity and biosocial factors are needed to generalize the results to find the cost-effective preventive measures.

The viral pathogenesis theory states that the severity of disease is proportionate to the viral inoculum received (23) and Gandhi and Rutherford (23) argued that universal masking could become a form of “variolation” that would generate immunity thereby helping reduce the severity of disease and ensuring that a greater proportion of new infections are asymptomatic. The quantity of viral inoculum received is also possibly affected by such measures as the disinfecting of hands and adequate ventilation. Importantly, contact frequency (CF) with others inside of the minimum centers for disease control and prevention (CDC) recommended social distance of 6 feet (24) and the degree of adherence to public health guidelines (APHGs), which the CDC defines as wearing a mask that covers the mouth and nose, staying at least 6 feet apart, washing the hands often, and getting vaccinated where possible (25), may affect the quantity of viral inoculum received, which, in turn, may affect the risk of the severity of disease at infection. Lockdowns that restrict the movement of people or business operations reduce CF, but do not necessarily promote APHG.

Research with the objective of estimating the occupational risk related to the COVID-19 severity is rare and more data are needed to further elucidate the occupation-specific risks to ensure workplace safety (26). Since the COVID-19 is designated a type II infectious disease, Japanese public health centers, by law, must register all the PCR-positive cases and follow them until recovery or death without exception. This follow-up data comprises an ideal cohort with no selection and no follow-up biases. The objectives of this study are to precisely estimate the risk of the severity of the COVID-19 intrinsic to workplaces by using these ideal cohort data and address workplace-specific interventions complementing the lockdowns.



MATERIALS AND METHODS


Subjects

Doctors identifying the COVID-19 PCR test positive cases must fill out a “Notification of Outbreak” form, specified by the Japanese Ministry of Health, Labor and Welfare, and send it to a city public health center. These centers register patient information to share with the government office and the other public health centers, assign patients to home or hotel quarantine, or hospitals, and track them until either recovery or death. With the exception of personal identification such as name and address, these centers publicize all the case information on the internet. For this study, we downloaded this case information for all the patients, regardless of age, registered in Osaka prefecture, population 8.8 million, between February 20th and September 15th, 2020. The data comprise ideal cohort data with no selection and no follow-up biases. Excluding 14 cases whose PCR samples were collected after death, we have 9,690 COVID-19 cases for analysis. Ten cases of those who died of other diseases while hospitalized for COVID-19 treatment were categorized as the COVID-19 deaths, since the COVID-19 was considered to have aggravated the diseases. Provided material in the Supplement, it describes the method for access to the original data and transformation to an EXCEL file.



Outcome

In the COVID-19 follow-up reports, disease severity is classified as asymptomatic and symptomatic but mild or ICU hospitalized and cases are either recovered or deceased at discharge. Our outcome of interest is “the severe COVID-19” defined as either died or hospitalized in the ICU. The proportion of severe cases will be termed as severe rate.



Workplace

Since the risk of the COVID-19 infection increases with the entry of others inside a critical social distance (24), the risk of infection should be different among workplaces where the frequency of direct customer exposure (FDCE) is different. Since it is difficult to obtain a representative value of FDCE for each workplace, we will consider the difference in FDCE between workplaces according to the characteristics of each workplace specialty. We classified the professions of the COVID-19 cases in consideration of FDCE into the following five workplace categories: hospital, school, indoor office (private companies and government offices), food service (restaurants, bars, and supermarkets), and outdoor services (e.g., construction, transportation, and security). Outdoor service is comprised of a profession whose work is conducted mostly outside or interactively with unspecified customers.

Hospitals engulf a greater risk than schools due to higher exposure to symptomatic people with the COVID-19 and due to increased density of exposure. However, hospitals and schools have the following features in common. Hospital and school staff often interact with patients and students inside a critical social distance, respectively. In hospitals, healthcare professionals such as doctors and nurses set an example for observing health regulations to prevent nosocomial infections and hospital staff and patients have regular physically close contact. Schools are similar to hospitals in that faculty and staff set an example for observing health regulations to prevent interstudent transmission and students follow this example. FDCE for food service and outdoor service is relatively higher compared to indoor office.

Table 1 shows the professions, described in the Notification of Outbreak form, grouped by workplace and the frequency of cases. Unemployed in Table 1 includes housewives, pensioners, and those looking for jobs, while unclear consists of those who declined or failed to identify their professions. Unemployed individuals have virtually no customers and, therefore, a relatively lower FDCE than indoor office individuals. FDCE in the unclear workplace is not known because their professions are not clearly specified. FDCE assigned to the workplaces is summarized in Table 1. While FDCE may differ according to country, the data here references Japan.


Table 1. Professions classified according to workplace.
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Stage 0 and 1

Figure 1 shows the number of the COVID-19 cases (A) and severe cases (B) by week since February 20th, 2020. Table 2 shows the date of the first day of each week. The first wave ended at week 12, but began to spread again at week 18. Weeks 0–15 will be denoted by stage 0 and weeks 16–28 by stage 1.


[image: Figure 1]
FIGURE 1. (A) Number of the coronavirus disease 2019 (COVID-19) cases. (B) Number of severe cases by week since February 20th.



Table 2. Date of the first day of each week.
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The objective of this study is to assess the impact of workplace on the severity of disease adjusted for background biosocial factors such as age, sex, family (family members living together), and comorbidity. Table 3 presents the levels and codes of the variables. The frequencies of cases, the number of severe cases, and the proportion of severe cases (rate) are shown by stage. Hereafter, the rate will be referred to as severe rate. Since professions in hospital and school categories rarely developed severe disease, these were combined to create a level termed as hospital/school food and outdoor services were combined to create a level termed as service.


Table 3. Frequency of severe cases and severe rate (%) by stage.
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Statistical Analysis

First, we define the endpoint D/I as D/I = 1 for severe cases and D/I = 0 for otherwise cases. We also define the binary variable stage as stage = 0 for cases in stage 0 and stage = 1 for cases in stage 1. Then, we define age_50 = Max (age-50, 0). In other words, age_50 = 0 while age ≤ 50 and age_50 = age-50 for age > 50. This is a piecewise linear function with one change point at age = 50. Age_60 and age_70 are similarly defined. These functions fit the data better than age only with the least loss of efficiency (27).

Since family has three levels 0, 1, and 2, we define one piecewise linear function family_1 = Max (family-1, 0). That is, family_1 = 0 if family = 0 or 1 and family_1 = 1 if family_2 = 2. The binary variables such as sex, comorbidity, and stage are used. An interaction term age_60 × comorbidity, defined as a multiplication of two variables age_60 and comorbidity, is used to deal with age-dependent effect of comorbidity.

For workplace, we define an indication function Job * k for each level k as follows: Job * k = 1 if level = k and Job * k = 0 otherwise (k = 1, 2, 3, 4). It follows that Job * 1 = Job * 2 = Job * 3 = Job * 4 = 0 if and only if level = 0.

We examined associations between D/I and workplace, age, sex, family, and comorbidity by using a logistic model. It is disadvantageous that the logistic model presents the odds ratio (OR) but not the relative risk (RR), since RR is straightforward to interpret. Therefore, we apply a modified logistic model (28) to obtain a precise estimate of RR as follows: First, an ordinary stepwise logistic model is applied to select significant variables and then a modified logistic model by using the selected variables is applied. The results present precise estimates of RR for the levels of each variable, but do not provide their SDs.

To investigate relationships between the severe rates in 1st stage and 2nd stage, a simple linear regression model y = α + βx + ε, ε ~ N (0, σ2) was applied, where α is a constant, β is a regression coefficient, and x and y take values log (severe rate) in stage 0 and stage 1, respectively.




RESULTS


Severe Rates by Stage

Table 4A shows the frequencies of cases and severe cases and severe rates by workplace and stage. Table 4B shows the frequency of cases and severe cases, odds, OR, risk, and RR for the pooled data.


Table 4. Frequency of cases and severe cases by workplace: (A) By stage. (B) Pooled.
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Figure 2 shows a scatter plot between log (severe rate) in stage 0 and stage 1 in Table 4A. Applying a linear regression model y = α + βx + ε, we have [image: yes] = 1·705 (SE = 0.114, p < 0·001), [image: yes] = 0·18 (SE = 0.321, p = 0.59), and R2, the coefficient of determination adjusted for the degree of freedom, is 0.94. The test for the normality of residuals was 0.208 (p = 0.84). The results suggest it approximately holds that y = 1.7x + ε. Briefly, severe rates in stage 1 are approximately determined by corresponding severe rates in stage 0 plus random errors, irrespective of the levels of the variables. These finding prompted us to pool stage 0 and stage 1 in estimating the risk of severe disease associated with the levels of the variables.


[image: Figure 2]
FIGURE 2. Scatter plot between log (severe rate) in stage 0 and stage 1 with 95% density ellipse.




Naïve OR and RR

Table 5 shows the frequency of severe cases, OR, and RR. RR for age 70–99 years compared to age 30–49 years is extremely high: about 43. RR of unemployed and unclear compared to hospital/school is also remarkably high: about 41 and 36, respectively.


Table 5. Frequency of severe cases and odds ratio (OR) and relative risk (RR).
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Figure 3A displays large imbalances in age among workplaces. On average, hospital/school is the youngest, service is similar to indoor office; unclear is older than indoor office and unemployed the oldest. Figure 3B shows the proportion of comorbidity by workplace: unemployed is by far the highest and hospital/school the lowest, while service, indoor office, and unclear are similar to each other. These figures indicate that the OR and RR in Table 5 are misleading, since they are obtained ignoring the biases due to those imbalances in age and comorbidity. Hereafter, they will be termed as naïve OR and RR.


[image: Figure 3]
FIGURE 3. (A) The distributions of age by workplace. (B) The proportion of comorbidity by workplace.


Table 6 obtained from stratifying by age shows the risks for the workplaces by age. Risks for unemployed and unclear are drastically reduced to 3.51 and 9.34 and 3.07 and 6.9 for age 50–69 and 70–99 years, respectively. The risks though may still be biased due to imbalances in sex, family status, and comorbidity. Since the stratifying method is not applicable to adjust for those confounders simultaneously, we had to resort to a logistic model. We estimate RR adjusted for those confounders by using a modified logistic model (27).


Table 6. The risk for workplace stratified by age.
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Naive OR and RR for Workplace by Using a Logistic Model

First, an ordinary logistic model with one covariate, workplace, is applied. The OR obtained from the model correspond to the naïve OR in Table 5. “Logistic for Odds” in Table 7 shows the results where OR = exp (Estimate). The ORs in Table 7 coincide well with the corresponding ORs in Table 5. A modified logistic model (28) resulted in “Logistic for RR” in Table 7, where RR = exp (Estimate). The naïve RR in Table 5 coincides exactly with the RR in Table 7, indicating a high accuracy of the estimates obtained from the modified logistic model.


Table 7. OR and RR estimated by using logistic models.
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RR Adjusted for Confounders

First, we applied an ordinary stepwise logistic model by using all the variables and stage as covariates to determine a best fit model. The selected variables are shown in “Logistic for Odds” in Table 8, where OR = exp (Estimate). The term age_60 × comorbidity is significant, indicating an age-dependent effect of comorbidity. Then, the modified logistic model (28), by using the selected variables as covariates, was applied. The results are shown in “Logistic for RR” in Table 8 where RR = exp (Estimate). RR for age is calculated by using the estimates exp (0·257 age_50–0·211 age_60) and that for comorbidity is exp (0·874 comorbidity−0·033 age_60 × comorbbidity).


Table 8. Results from ordinary stepwise and modified logistic models.

[image: Table 8]

The estimates for service and indoor office are not significant due to low frequencies of severe cases. The risk for each case is calculated from the estimates and the levels of the case according to the model equation. A receiver operating characteristic (ROC) curve obtained from the model shows a sensitivity of 0.85 and specificity of 0.9 (Figure 4), indicating a high discrimination ability between the severe and non-severe cases. The adjusted RRs for the workplaces are illustrated in Figure 5. Since the adjusted RRs still vary considerably, there should be unobserved, substantial risk factors intrinsic to workplaces.


[image: Figure 4]
FIGURE 4. Receiver operating characteristic (ROC) curve for the logistic model described in Table 8.



[image: Figure 5]
FIGURE 5. Adjusted relative risk (RR) for workplace.





DISCUSSION


Prioritizing Cases According to the Risk of Disease Severity

The rapidly rising number of the COVID-19 cases in Japan and around the world has led to a shortage of ICU beds, medical staff, and the need to build emergency field hospitals (29). This shortage of ICU beds to treat the severe COVID-19 cases required the prioritization of patients to be hospitalized in ICU (30). The model described in Table 8 was obtained by using the ideal cohort data free from follow-up and selection biases and the ROC curve (Figure 4) demonstrates the high accuracy of the model to predict severe cases. Hence, the model could help to determine the COVID-19 cases at high risk of becoming severe at the initial diagnosis.



Adjusted RR for Workplace

The large variations in the adjusted RR across the workplaces (Figure 5) suggest the existence of substantial, unobserved risk factors intrinsic to workplaces. Here, we consider two possible factors APHG and FDCE in the following discussion.

Adherence to public health guidelines (31) reduced hospitalization by 88% and mortality by 100% in Delaware (32). Since January 2020 in Japan, over 2,000 nurses and doctors of the self-defense forces (33) have supported healthcare efforts for patients with the COVID-19, yet none of them have been infected with the COVID-19. This demonstrates that the COVID-19 infections could be completely prevented or at least greatly reduced by strict APHG. With respect to the association between APHG and the severity of disease, Gandhi and Rutherford (23) argued that facial masking could become a form of “variolation” that may reduce the severity of disease among people who do become infected. As described in the introduction, their theory implies “following the appropriate public health guidelines might help to reduce the severity of disease among the infected cases.” The “variolation hypothesis” well explains the RRs for workplaces in Figure 5.

The risk of severe cases increases in the following order: hospital/school, service, indoor office, unemployed, and unclear. The lowest risk is hospital/school, despite high FDCE. In hospitals, healthcare professions, by virtue of their responsibilities to prevent nosocomial infections, demonstrate the public health guidelines for hospital staff and patients to follow. Schools are similar to hospitals in that faculty and staff set an example for observing health regulations to prevent interstudent transmission for students to follow. The results suggest that school is the safest place for students.

According to the data for the infection status of students summarized by the national government (Supplementary Material 3), school is the lowest risk place (5–7%) for primary and junior high students as compared to home (78–64%) and the other or unclear places (18–28%). The facts suggest that school is the safest place and students would visit higher risk places if schools were closed. This is in line with the above interpretation of the risks based on the variolation hypothesis.

The second lowest risk is, again despite high FDCE, the service industry. Service is not statistically significant (Table 8), since the frequency of severe cases is too low. These data do appear to provide evidence of high APHG usage within the service industry. Incentives for the high APHG in service include: professional courtesy to customers, deep-seated social customs, and the fact that infection would require quarantine or hospitalization without pay.

The risk in service industry is lower than that of indoor office. Indoor office employees have similar incentives to service industry regarding APHG, but with the addition that they are allowed to take paid leave. This paid leave system might have resulted in a lower APHG for indoor office, which, in turn, resulted in a higher risk than service industry. All the Japanese citizens receive benefits from the universal health insurance system regardless of income and income disparities are not very large among regular employees in Japan. Hence, differences in APHG should have a greater impact on risk than income disparity among regular employees. This might explain why service carries a lower risk than indoor office despite service having lower incomes on average than indoor office.

High FDCE should normally result in a potentially higher risk of infection; in fact, a high FDCE associated with a high risk of infection was observed in a cross-sectional study on 104 retail workers in Massachusetts (34). According to the “variolation” hypothesis (23), however, a high FDCE combined with a high APHG, such as in the service industry, should result in generating immunity and helping to reduce the severity of disease among people who do become infected, which it does in our case. This hypothesis may also apply to the low risk in hospital/school.

“Unemployed” has a higher risk than indoor office. This could be because those in unemployed may be less motivated to follow APHG than indoor office. Research to ensure exact reasons and to promote effective measures among any high-risk group is urgent for reducing severe future infections.

Unclear shows the highest severity risk. To the best of our knowledge, no studies have investigated the risk of the severity of the COVID-19 for the unclear category. Normally, requesting occupation when recruiting volunteer participants can result in eliminating or ignoring this category (20, 21), making it generally difficult to study its characteristics. In this study, however, data on the cases of unclear were collected in the same way as the other occupations, since it was obligatory by law.

While age, sex, family status, and comorbidity are confounders that should be adjusted for estimating the risk, income is a so-called “intermediate factor” in epidemiology that should not be adjusted in eliminating risk. Professions affect income and, in turn, income affects the risk. The higher risk for unemployed and unclear might be partly due to low APHG caused by low income. Nevertheless, we should consider effective measures to promote APHG for unemployed and unclear because low income is intrinsically associated with unemployed and unclear.

The results of this study suggest that promoting APHG would be the most effective measure in preventing the disease severity irrespective of FDCE. Therefore, we conclude that measures for promoting APHG should be coupled with lockdowns to mitigate both the disease severity and the negative impact of lockdowns. In addition, since the food industry seems to be taking effective measures to promote APHG, it should not be targeted indiscriminately by lockdowns. Rather, it would be more effective to help reinforce their efforts to prevent infection; for example, by installing CO2 concentration measuring devices (35) for assessing their efforts to prevent droplets infections or by providing financial reinforcementso that they can advance their own measures for prompting customers to follow APHG. In addition, the higher likelihood that lower ventilation rates are associated with higher infection risks (36) could help explain higher risk for indoor office than service, since many high-rise offices cannot open windows and the air is only filtered for quality and not pathogens; therefore, providing adequate ventilation would be in many cases a low technology, low cost way to reduce transmission rates. The evidence-based workplace-specific measures should be tested and corroborated in order to effectively control the infection with fewer negative effects.



Study Limitations

Our data is not subjected to the biases that are usually associated with cohort studies such as follow-up biases, selection biases, and biases due to misclassifications in outcome or covariates. However, since our data were published by the Osaka Prefecture, which strictly follows the common privacy rules, there are limitations in available information. To gather information on the background of individuals in unclear, we must submit a study protocol based on the results of this study to the Institutional Review Board. If approved, the Osaka Prefecture government will help us conduct the study.

Frequency of direct customer exposure and APHG are assumed to be the major variables causing the large differences in the workplace-specific risks. FDCE for a workplace is evaluated based on the subjective observations. It is a study limitation for FDCE to be currently assessed subjectively, not objectively. For example, the questionnaire used by Lan et al. to evaluate FDCE of employees is also based on the subjective evaluation of the employees. Nevertheless, we feel that FDCE is a key concept to understand the relationship between the risk and workplaces. Mission of epidemiology is to discover effective countermeasures based on uncertain observational information. We hope that this research will recognize the importance of FDCE and devise future objective measurement methods.

While the workplace-specific severe disease risks that we have obtained might not be in line with the beliefs of some policymaking, lockdown planners, these risks are facts obtained by applying standard statistical methods to cohort data of the PCR-positive COVID-19 infected cases of Osaka, which were, without exception, confirmed as either recovered or dead on the day of discharge.




DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



AUTHOR CONTRIBUTIONS

YN and TN designed the cohort study. HM organized a team for collecting data for analysis as described in Supplementary Material. TN and HM performed statistical analysis. TN and TS wrote the draft and HM elaborated tables and figures. HC reviewed literature and discussed the results from a medical point of view. All authors approved the final manuscript for submission.



ACKNOWLEDGMENTS

We are grateful to Toshio Makie, Kohei Akazawa, Koshi Kataoka, and Tomoko Maeda for help in collecting and organizing the data. We also thank the Osaka Prefecture for helping us understand the treatment procedure and the data publication policy for the COVID-19 cases.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2021.731239/full#supplementary-material



REFERENCES

 1. WHO. Coronavirus Disease (COVID-19) Dashboard. Available online at: https://Covid19.who.int/Table 

 2. Meo SA, Abukhalaf AA, Alomar AA, AlMutairi FJ, Usmani AM, Klonoff DC. Impact of Lockdown on COVID-19 prevalence and mortality during 2020 pandemic: observational analysis of 27 countries. Eur J Med Res. (2020) 25:56. doi: 10.1186/s40001-020-00456-9

 3. Li W, Gong J, Zhou J, Zhang L, Wang D, Li J, et al. An evaluation of COVID-19 transmission control in Wenzhou using a modified SEIR model. Epidemiol Infect. (2021) 149:e2. doi: 10.1017/S0950268820003064

 4. Euronews. Coronavirus: Half of Humanity now on Lockdown as 90 Countries Call for Confinement. (2020). Available online at: https://www.Euronews.com/2020/04/02/Coronavirus-in-Europe-Spain-S-Death-Toll-Hits-10-000-After-Record-950-New-Deaths-in-24-Hou (accessed May 19, 2020). 

 5. Pandey D, Bansal S, Goyal S, Garg A, Sethi N, Pothiyill DI, et al. Psychological impact of mass quarantine on population during pandemics—the COVID-19 Lock-Down (COLD) Study. PLoS ONE. (2020) 15:E0240501. doi: 10.1371/journal.pone.0240501

 6. Fiorillo A, Sampogna G, Giallonardo V, Del Vecchio V, Luciano M, Albert U, et al. Effects of the lockdown on the mental health of the general population during the COVID-19 pandemic in Italy: results From the COMET Collaborative Network. Euro Psychiatr. (2020). 63:1–11. doi: 10.1192/j.eurpsy.2020.89

 7. Arenas-Arroyo E, Fernandez-Kranz D, Nollenberger N. Intimate partner violence under forced cohabitation and economic stress: evidence from the COVID-19 pandemic. J Public Econ. (2021) 194:350. doi: 10.1016/j.jpubeco.2020.104350 

 8. Wright L, Steptoe A, Fancourt D. Are we all in this together? Longitudinal assessment of cumulative adversities by socioeconomic position in the first 3 weeks of lockdown in the UK. J Epidemiol Commun Health. (2020) 74:683–88. doi: 10.1016/S2468-2667(20)30288-7

 9. Yocum AK, Zhai Y, McInnis MG, Han P. Covid-19 pandemic and lockdown impacts: a description in a longitudinal study of bipolar disorder. J Affect Disorders. (2021) 28:1226–33. doi: 10.1016/j.jad.2021.01.028

 10. Prochazka J, Scheel T, Pirozek P, Kratochvil T, Civilotti C, Bollo M, et al. Data on work-related consequences of COVID-19 pandemic for employees across Europe. Data Brief. (2020) 32:74. doi: 10.1016/j.dib.2020.106174

 11. Kapasia N, Paul P, Royc A, Sahac J, Zaveric A, Mallick R, et al. Impact of lockdown on learning status of undergraduate and postgraduate students during COVID-19 Pandemic in West Bengal, India. Child Youth Serv Rev. (2020) 116:194. doi: 10.1016/j.childyouth.2020.105194

 12. UNESCO. COVID-19 Impact on Education. Global Monitoring of School Closures Caused by COVID-19. (2019). Available online at: https://en.Unesco.org/Covid19/Educationresponse 

 13. The New York Times. As Pandemic Took Hold, Suicide Rose Among Japanese Women. (2021). Available online at: https://www.Nytimes.com/2021/02/22/World/Asia/Japan-Women-Suicide-Coronavirus.Html 

 14. Wagner AB, Hill EL, Ryan SE, Sun Z, Deng G, Bhadane S, et al. Social distancing merely stabilized COVID-19 in the United States. Stat Newslett. (2021) 4:32. doi: 10.1101/2020.04.27.20081836

 15. University of Minnesota Center for Infectious Disease Research Policy. Global Cases Stabilizing, but COVID Deaths Continue to Climb. (2020). Available online at: https://www.Cidrap.umn.edu/News-Perspective/2020/12/Global-Cases-Stabilizing-Covid-Deaths-Continue-Climb 

 16. Drefahl S, Wallace M, Mussino E. A population-based cohort study of socio-demographic risk factors for COVID-19 deaths in Sweden. Nat Commun. (2020) 11:5097. doi: 10.1038/s41467-020-18926-3

 17. Williamson EJ, Walker AJ, Bhaskaran K. Factors associated with COVID-19-related death using open safely. Nature. (2020) 584:430–6. doi: 10.1038/s41586-020-2521-4

 18. Patelarou A, Mechili EA, Galanis P, Zografakis-Sfakianakis M, Konstantinidis T, Saliajet A, et al. Nursing students, mental health status during COVID-19 quarantine: evidence from three European countries. J Ment Health. (2021) 18:75420.

 19. Kim R, Nachman S, Fernandes R, Meyers K, Taylor M, LeBlanc D, et al. Comparison of COVID-19 Infections among healthcare workers and non-healthcare workers. PLoS ONE. (2020) 15:241956. doi: 10.1101/2020.08.13.20174482

 20. Nguyen LH, Drew DA, Graham MS, Colaneri M, Novelli V, Cutti S, et al. Risk of COVID-19 among front-line health-care workers and the general community: a prospective cohort study. Lancet Public Health. (2020) 5:E475–83. doi: 10.1016/S2468-2667(20)30164-X

 21. Mutambudzi M, Claire N, Ewan Beaton M, Alastair L, Frances M, Anderson J, et al. Occupation and risk of severe COVID-19: prospective cohort study of 120 075 UK biobank participants. Occup Environ Med. (2020) 0:1–8. doi: 10.1136/oemed-2020-106731

 22. Nakamura T, Yamada T, Kataoka K, Sera K, Saunders T, Takatsuji T, Makie T, Nose Y. Statistical resolutions for large variabilities in hair mineral analysis. PLoS ONE (2018) 20:8816. doi: 10.1371/journal.pone.0208816

 23. Gandhi M, Rutherford GW. Facial Masking for Covid-19 — Potential for “Variolation” as We Await a Vaccine. N Engl J Med. (2020) 383:E101. doi: 10.1056/NEJMp2026913

 24. Centers for Disease Control Prevention. Social Distancing. Centers for Disease Control and Prevention (2021). Available online at: https://www.cdc.gov/Coronavirus/2019-Ncov/Prevent-Getting-Sick/Social-Distancing.Html 

 25. Centers for Disease Control Prevention. How to Protect Yourself & Others. Centers for Disease Control and Prevention (2021). Available online at: https://www.cdc.gov/Coronavirus/2019-Ncov/Prevent-Getting-Sick/Prevention.Html 

 26. Larochelle MR. “Is It Safe for Me to Go to Work?” risk stratification for workers during the Covid-19 pandemic. N Engl J Med. (2020) 383:e28. doi: 10.1056/NEJMp2013413

 27. Akazawa K, Nakamura T, Palesch Y. Power of logrank test and cox regression model in clinical trials with heterogeneous samples. Statistics Med. (1997) 16: 583–597. doi: 10.1002/(SICI)1097-0258(19970315)16:5<583::AID-SIM433>3.0.CO;2-Z

 28. Diaz-Quijano FA. A simple method for estimating relative risk. BMC Med Res Methodol. (2012) 12:14. doi: 10.1186/1471-2288-12-14

 29. The New York Times. Covid Overload: U.S. Hospitals Are Running Out of Beds for Patients. Available online at: https://www.Nytimes.com/2020/11/27/Health/Covid-Hospitals-Overload.Html 

 30. Los Angeles Times,. Paramedics Having Some Patients Stay Home as Hospitals Struggle With COVID-19 Wave. (2020). Available online at: https://www.Latimes.com/California/Story/2020-12-30/Paramedics-Patients-Stay-Home-Hospitals-Covid-19 

 31. WHO Coronavirus Disease (COVID-19) Advice for the Public. (2020). Available online at: https://www.who.int/emergencies/diseases/novel-coronavirus-2019/advice-for-public (accessed 8 December 2020). 

 32. Kanu FA, Smith EE, Offutt-Powell T, Hong R. Declines in SARS-CoV-2 transmission, hospitalizations, and mortality after implementation of mitigation measures-delaware. MMWR. (2020) 69:1691–4. doi: 10.15585/mmwr.mm6945e1

 33. Self-Defense Forces in Japan,. Self-Defense Forces Engagement in Response to COVID-19. (2019). Available online at: https://www.mod.Go.jp/en/d_act/Disaster/Covid/Siryo2.pdf 

 34. Lan F-Y, Suharlim C, Kales SN, Young J. Association between SARS-CoV-2 infection, exposure risk and mental health among a cohort of essential retail workers in the USA. Occupation Environ Med. (2020) 78:106774. doi: 10.1136/oemed-2020-106774

 35. Dietrich F, Chen J, Voggenreiter B, Aigner B, Nachtigall N, Reg B. MUCCnet: munich urban carbon column network. Atmos Meas Tech. (2021) 14:1111–26. doi: 10.5194/amt-14-1111-2021 

 36. Julian LM, Tang W, Bahnfleth W, Bluyssen PM, Boerstra A, Buonanno G, et al. How can airborne transmission of COVID-19 indoors be minimised? Environ Int. (2020). 142:105832. doi: 10.1016/j.envint.2020.105832

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Nakamura, Mori, Saunders, Chishaki and Nose. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpubh-09-731239-t006.jpg
Age

20:0-29

40: 30-49

60:50-69

80: 70-99

Workplace

o
1
2
3,
4;
¢
1

2
3
4
o;
1

2
3,
4:
¢
1

2
3,
4

Hosp./Sch.

+ Service

Indoor Office

: Unemployed

Unclear

: Hosp./Sch.

Service

: Indoor Office
: Unemployed

Unclear
Hosp./Sch.
Service
Indoor Office

: Unemployed

Unclear

: Hosp./Sch.

Service
Indoor Office
Unemployed

: Unclear

Freq.

1,202
998
796
301
514
382
818
837
245
481
218
476
510
279
326
26
106
33
905
237

Severe

©NM MO OO OOOOoOo

so-Bog

107
63

Rate (%)

oo oo o

o

0.24

0.42
0.92
1.89
256
323
850
3.85
8.49
12.12
11.82
26.58

RR

25

175

205
277
351
9.34

221
3.15
3.07

6.9





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Impact of Workplace on the Risk of Severe COVID-19



		Introduction



		Materials and Methods



		Subjects



		Outcome



		Workplace



		Stage 0 and 1



		Statistical Analysis







		Results



		Severe Rates by Stage



		Naïve OR and RR



		Naive OR and RR for Workplace by Using a Logistic Model



		RR Adjusted for Confounders







		Discussion



		Prioritizing Cases According to the Risk of Disease Severity



		Adjusted RR for Workplace



		Study Limitations







		Data Availability Statement



		Author Contributions



		Acknowledgments



		Supplementary Material



		References

















OPS/images/fpubh-09-731239-t005.jpg
Variable

Age

Sex

Family

Workplace

Comorbidity

o
o
8
&

~“oswnvm-omM-O0O-0888NK

Level

0-29

30-49
50-69
70-99
Female
Male

With

No

Unclear
Hosp./Sch.
Service
Indoor Office
Unemployed
Unclear

No

With

Severe

61

184
83
171
107
7
70

20
22
116
93
164
90

Freq.

3811
2,763
1,809
1,307
4,229
5,459
6,107
2,676
907
1,828
2,398
2,176
1,730
1,668
8,716
974

0Odds

0.0033
0.0349
0.1,638
002
0.0823
0.0178
0.0296
0.0836
0.0016
0.0084
0.0102
0.0719
0.0635
0.0192
0.1018

Risk

0.003
0.034
0.141
0.02

0.031
0.018
0.029
0.077
0.002
0.008
0.01

0.067
0.06
0.019
0.092

OR

107
50.1

1.62

1.66
4.69

5.12
6.21
437
386

5.31

RR

104
432

16

1.64

44

6.16
409
36.4

4.91






OPS/images/fpubh-09-731239-t008.jpg
Variable

Stage 0
Age_50

Age_60

Sex

Famiy_1

Senvice
Office/Gov.
Unemployed
Unclear
Comorbidity
Age_60 x Comorb

Estimate

—1.24
0273
-0.218
0878
0.488
0.896
1.133
1.265
1.886
0.935
—0.035

95% Cl

—-1.54
0.22
-0.28
0.67
0.31
-0.34
-0.1
0.07
0.7
0.45
—0.07

Logistic for Odds

OR

-0.94
0.32
-0.16
1.18
0.67
2.14
237
2.46
3.07
1.42

95% Cl

0.29

2.41
1.63
2.45
311
3.54
6.59

Estimate

021

1.77
1.36
0.71
09
1.07
201

RR

0.39

325
1.95
85
107
"7
215

Logistic for RR
~1.059 035
0778 218
0.396 1.49
0928 253
1.192 3.29
1.351 386
1.779 5.92





OPS/images/fpubh-09-731239-t007.jpg
Workplace

Level

Hosp./Sch.
Senvice
Indoor Office
Unemployed
Unclear

Job*1
Job*2
Job*3
Job*4

Logistic model for Odds

Estimate

1.63
1.83
378
3.65

P-value

0.0085
0.003
<0.0001
<0.0001

OR

1
511
6.22
43.7
386

Model for RR
Estimate  RR

- 1
1626 508
1818 6.16
371 409
3504 364





OPS/images/fpubh-09-731239-t004.jpg
(&)

Workplace

Hospital
School
Food
Outdoor
Company
Government

Unemployed
Unclear

®)

Workplace

Hospital
School

Food
Outdoor
Company
Government
Unemployed
Unclear

Freq.

157

97
138
313

30
210
466

Freq.

786

1,254
1,188
2,036
145
1,730
1,559

Stage 0

Severe

1
1
3
8

3
2
30

Severe

20

116
93

Rate (%)  Freq.

0.64 629
12 909
3.09 1,167
58 1,050
4.15 1,728
6.67 1185
14.29 1,620
12.45 1,098
Pooled
Odds OR
0.0026 1
0.001 04
0.004 157
00128 501
0.0099 3.89
0014 5.48
0.0719 282
0.0634 249

Stage 1

Severe

Risk

0.0026
0.001
0.004

00126

0.0098

0.0138

0.0671

0.0597

Rate (%)

0.16
0
0.17
0.67
0.41
0
5.66
32

RR

04
16
504
392
5.52
26.8
239





OPS/images/fpubh-09-731239-t003.jpg
Stage 0 Stage 1

Variable ~ Code:level  Freq. Severe Rate (%) Freq. Severe Rate (%)

Age 20:0-29 351 o 0 3460 O 0
40: 30-49 511 8 167 2252 1 0.04
60: 50-69 364 30 824 1,445 31 215
80: 70-99 268 78 291 1,089 106 10.2

Sex 0: Female 674 41 6.08 3555 42 1.18
1: Male 820 75 915 4,639 96 2.07
Family 0: With 879 51 58 5228 56 1.07
status
1:No 249 19 763 2427 58 239
2: Unclear 366 46 1257 541 24 4.44
Workplace ~ 0: Hosp./Sch. 240 2 0833 1538 1 0.065
1: Service 236 11 4681 2207 9 0.408
2: Indoor Office 343 15 4373 1838 7 0.381
3: Unemployed 210 30 1429 1,620 86 5.66
4: Unclear 466 58 1245 1,083 35 32
Comorbidity 0: No 1,320 83 626 7387 81 11
1: With 165 33 20 809 57 7.05
oA 0: No 1,378 092 8058 0.98
1: Yes 116 008 138 0.02









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Public Health





OPS/images/fpubh-09-731239-g005.gif
1

1

Hosp/Sch.  Service  Indoor  Unemployed  Unclear
Office





OPS/images/fpubh-09-731239-i001.gif





OPS/images/fpubh-09-731239-g003.gif
Unclear

|
|

Unemployed | 20
3049

Indoor Off
door Office | | ity
Service | | #7089

Hosp./Sch. : ;
0% 2% % % s 10%

Hosp/Sch.  Service  Indoor Office Unemployed  Unclear






OPS/images/fpubh-09-731239-g004.gif
1.00
0.90
0.80 -
0.70
0.60
Sensitivity 0.50 -|
0.40
0.30+
0.20-

0.104

0.00 T T T T T T T T T
0.00 0.20 0.40 0.60 0.80 1.00
1-Specificity






OPS/images/fpubh-09-731239-t002.jpg
Week 0 1 2 3 4 5 6 T 8 9

istDay 2/20 2/27 3/5 38/12 819 3/26 4/2 49 4/16 4/23
Week 10 11 12 13 14 15 16 17 18 19
istDay 4/30 57 5/14 521 528 6/4 6/11 6/18 6/25 7/2
Week 20 21 22 23 24 25 26 27 28 29
istDay 7/9 7716 7/23 7/30 8/6 813 820 827 9/3 910





OPS/images/fpubh-09-731239-i002.gif





OPS/images/fpubh-09-731239-t001.jpg
Workplace

Hospital

School

Indoor Office

Food Service

Qutdoor Service

Unemployed
Unclear

Profession

Medical staff
Nursing care staff
Elderly care staff
Hospital chef

Weffare staff
Nutitionist

Student

Teacher

Monk

Private company employee
Government employee
Restaurant and bar employee
Supermarket employee
Self-employed

Day Laborer
Construction worker
Retail sales
Salesperson

Factory worker

Driver

Transporter

Delivery

Real estate employee
Security guard
Instructor

Cleaning

Demolition

Painter

Home helper
Contractor

Advertising

Welding

Unemployed

No description

Freq.

539
168
49
22

838
153

2,086
145
1,260

539
180
113
87
76
49

25
17
13
13
12
10

-~ w e o

1
1,730
1,559

Total

786

992

2,181

1,254

1,188
1,730
1,569

FDCE

High

High

Medium

High

High

Low
Unknown





OPS/images/cover.jpg
, frontiers
in Public Health

Impact of Workplace on the Risk of
Severe COVID-19





OPS/images/fpubh-09-731239-g001.gif
o
DU by ek
»
N
o
0 2 0 12 14 16 18






OPS/images/fpubh-09-731239-g002.gif
InStagel

5 45 -4 35 3 25 2 15 -1 05 0

InStaged





