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Abstract

Objectives: Fragmented industry and occupation surveillance data throughout the

COVID‐19 pandemic has left public health practitioners and organizations with an

insufficient understanding of high‐risk worker groups and the role of work in SARS‐

CoV‐2 transmission.

Methods: We drew sequential probability samples of noninstitutionalized adults (18+) in

the Michigan Disease Surveillance System with COVID‐19 onset before November 16,

2020 (N= 237,468). Among the 6000 selected, 1839 completed a survey between June

23, 2020, and April 23, 2021. We compared in‐person work status, source of self‐

reported SARS‐CoV‐2 exposure, and availability of adequate personal protective

equipment (PPE) by industry and occupation using weighted descriptive statistics and

Rao‐Scott χ2 tests. We identified industries with a disproportionate share of COVID‐19

infections by comparing our sample with the total share of employment by industry in

Michigan using 2020 data from the US Bureau of Labor Statistics.

Results: Employed respondents (n = 1244) were predominantly female (53.1%), aged

44 and under (54.4%), and non‐Hispanic White (64.0%). 30.4% of all employed

respondents reported work as the source of their SARS‐CoV‐2 exposure and 78.8%

were in‐person workers. Work‐related exposure was prevalent in Nursing and

Residential Care Facilities (65.2%); Justice, Public Order, and Safety Activities

(63.3%); and Food Manufacturing (57.5%). By occupation, work‐related exposure

was highest among Protective Services (57.9%), Healthcare Support (56.5%), and

Healthcare Practitioners (51.9%). Food Manufacturing; Nursing and Residential

Care; and Justice, Public Order, and Safety Activities were most likely to report

having adequate PPE “never” or “rarely” (36.4%, 27.9%, and 26.7%, respectively).

Conclusions: Workplaces were a key source of self‐reported SARS‐CoV‐2 exposure

among employed Michigan residents during the first year of the pandemic. To prevent

transmission, there is an urgent need in public health surveillance for the collection of
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industry and occupation data of people infected with COVID‐19, as well as for future

airborne infectious diseases for which we have little understanding of risk factors.

K E YWORD S

COVID‐19, occupational health, PPE, SARS‐CoV‐2 exposure, workplace

1 | INTRODUCTION

Many of the 80 million COVID‐19 infections and 987,000 deaths

recorded in the United States (as of April 22, 2022)1 were caused by

workplace SARS‐CoV‐2 exposure.2–4 The actual number of work‐related

infections and deaths, and the extent to which work fueled the

COVID‐19 pandemic, may never be known. Fragmented industry and

occupation surveillance data and incomplete record‐keeping for employ-

ees infected with COVID‐19 in all industries have impaired public

health's ability to document work‐related exposures, control hotspots,

guide interventions and, ultimately, protect the lives of workers.5,6

Workplaces are known sources of SARS‐CoV‐2 transmission.2,3,7,8

Settings with a high exposure risk are characterized as high‐density,

poorly ventilated spaces where people congregate for long periods of

time or interact with patients and the public.9 Even in high‐risk

workplaces, a combination of engineering (e.g., improved ventilation,

physical barriers) and administrative (e.g., sanitation, training) controls,

and personal protective equipment (PPE) are effective at reducing

transmission.10 Several COVID‐19 outbreaks in food processing and

manufacturing plants, prisons, and nursing homes demonstrated the

devastating consequences of implementing inadequate COVID‐19 safety

protocols in high‐risk work settings.3,7,8,11

Ongoing research has helped identify industries and occupations

with an elevated risk of SARS‐CoV‐2 exposure and workers more

susceptible to worse COVID‐19‐related outcomes (e.g., death). In an

analysis of death records in California, Chen et al.12 compared mortality

rates among working‐aged adults to pre‐pandemic periods and found that

relative excess mortality was highest in food/agriculture (39% increase),

transportation/logistics (31% increase), and manufacturing (24% increase)

occupational sectors. Similarly, Hawkins et al.13 analyzed COVID‐19

death records occurring between March 1 and July 31, 2020, in

Massachusetts and found that 11 occupational groups, notably healthcare

support, transportation and material moving, and food preparation and

serving, had significantly higher mortality rates than workers overall.

Because non‐Hispanic (NH) Black and Hispanic populations are, in

comparison to White populations, more likely to work in these high‐risk

occupations, research suggests that workplace exposure contributed to

the disproportionate risk of COVID‐19 infection and mortality experi-

enced among people of color in the United States6,14–18

Enforcement by the US Occupational Safety and Health Adminis-

tration (OSHA) is critical to ensure that adequate worker protections

have been implemented and bad actors are penalized. Yet, more than

2 years after the start of the COVID‐19 pandemic, workers continue to

work under less‐than‐safe and stressful conditions, and without legal

protections against COVID‐19.19–22 After two efforts by OSHA to

establish COVID‐19 Emergency Temporary Standards (ETS) for health-

care23 and non‐healthcare workers24 were challenged and largely

derailed in a US Supreme Court hearing,25,26 experts suggested that a

“risk‐based” COVID‐19 rule (rather than a blanket vaccine or testing

standard for all private employers with more than 100 employees) is the

way for OSHA to proceed.27 Such a rule would employ protections

curated for the level of risk a worker faces. Generating industry and

occupation surveillance data for past and current COVID‐19 infections

can support and strengthen this effort.

The Michigan COVID‐19 Recovery Surveillance Study (MI CReSS)

presents a unique opportunity to inform our understanding of high‐risk

workers by industry and occupation. We collected industry and

occupation surveillance data through interviews from a representative

sample of Michiganders who tested positive for COVID‐19 in the first

year of the pandemic (before November 16, 2020). The main objectives

of this descriptive analysis were to (1) identify industry subsectors that

experienced a disproportionate share of Michigan residents infected with

COVID‐19 during the first year of the pandemic; (2) describe “in‐person”

worker status; (3) present self‐reported source of exposure; and (4)

describe the availability of adequate PPE by industry subsector and

major occupation group.

2 | METHODS

2.1 | Sample

In collaboration with the Michigan Department of Health and Human

Services (MDHHS), we drew sequential probability samples of people

infected with COVID‐19 before November 16, 2020, from the

Michigan Disease Surveillance System (MDSS). The sampling

frame included noninstitutionalized adults (18+) with a positive

polymerase chain reaction (PCR) test. Adults who were not alive at

the time of the study, or with missing telephone, zip code, or county

information, were excluded from the sample. Samples were drawn

based on the timing of illness from 13 geographic strata in the state of

Michigan. Based on availability, the COVID‐19 onset date was derived

from the date of symptom onset, collection date of the positive

COVID‐19 test, or date of referral to the MDHHS. After drawing a

base sample from each geographic stratum, the remaining sample was

drawn proportionally for each stratum based on overall case counts.

Between June 16, 2020, and March 8, 2021, we drew five

sequential samples based on the COVID‐19 onset date and selected

6000 cases from the 237,468 eligible adults in the database with

COVID‐19 between January 1, 2020, and November 15, 2020. A
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recruitment letter was sent to each of the potential respondents

requesting their participation to complete an online or telephone

questionnaire. Two to three reminder letters were sent and at least

five phone calls were made to encourage surveillance study

enrollment. Telephone interviews were conducted in English,

Spanish, or Arabic by trained interviewers using a standardized script.

Among the 6000 selected, 1839 participants completed a telephone

or online interview between June 23, 2020, and April 23, 2021, resulting

in a response rate (American Association for Public Opinion Research

Response Rate #6) of 31.8%.28 Among the total respondents, 1248 were

employed for wages or self‐employed immediately before their

COVID‐19 illness. The total sample for this study (N=1244) was

restricted to employed respondents with a self‐reported industry

(n=1161) and/or occupation (n=1212). This secondary analysis of MI

CReSS data was deemed exempt by the University of Michigan

Institutional Review Board.

2.2 | Measures

2.2.1 | Industry and occupation

Respondents who indicated they were employed before their

COVID‐19 symptom onset reported their industry (or job setting

for healthcare workers) and job title in an open‐ended text box. The

self‐reported industry was classified into 2017 North American

Industry Classification System (NAICS) industry subsectors.29 Self‐

reported occupation was coded into the 2018 Standard Occupation

Classification (SOC) major occupation groups.30 Industry subsector

and major occupation group were chosen over more detailed levels

of classification to avoid small cell sizes. Industry and occupation

coding was performed through the National Institute of Occupational

Safety and Health (NIOSH) Industry and Occupation Computerized

Coding System (NIOCCS).31 NIOCCS generates a match probability

for each of the automated industry and occupation designations. All

industry and occupation designations with a match probability of less

than 0.9 were manually checked, and approximately 5% of the

reviewed designations were recoded.

2.2.2 | In‐person worker status and statewide
shutdown period

“In‐person” workers included all respondents who indicated that their

“physical presence was required at work” before the start of their

COVID‐19 illness. Respondents classified as “not in‐person” com-

prised employees able to perform their jobs remotely and those who

were temporarily laid off due to statewide restrictions on all

nonessential businesses and activities. It is possible that some “not

in‐person” respondents worked in‐person some or all of the time

even though their physical presence was not “required” at work. The

governor of Michigan issued the “Stay Home, Stay Safe” executive

order on March 23, 2020, suspending all activities “not necessary to

sustain or protect life.”32,33 In Michigan, critical infrastructure sectors

and workers were identified using the US Cybersecurity and

Infrastructure Security Agency (CISA) “Guidance on the Essential

Critical InfrastructureWorkforce” (Version 1, March 19, 2020).34 The

“shutdown” period lasted with few modifications until June 1, 2020.

By June 1, 2020, most restrictions on nonessential businesses,

including noncritical construction, transportation equipment manu-

facturing, retail, and restaurants, had been lifted.35

2.2.3 | Self‐reported source of exposure

Respondents were asked if they knew the source of their coronavirus

infection (yes/no) and, if so, how were they exposed. We classified

the source of into three categories: “work‐related,” “unknown

exposure source,” and “not work‐related” (e.g., household member,

social gathering, travel, etc.).

2.2.4 | Availability of adequate PPE

Thinking about the time directly before their illness, respondents

were asked “how often did you have adequate equipment to protect

yourself from contracting COVID‐19 at work?” Responses were

recorded on a 5‐point Likert scale ranging from “Never” to

“Always.” To avoid small cell sizes, the 5‐point Likert scale was

collapsed into three categories: “Never‐Rarely,” “Sometimes,” and

“Often‐Always.”

2.2.5 | Additional variables

Sociodemographic characteristics were collected for age (18–34,

35–44, 45–54, 55–64, 65+), sex at birth (male, female), race/ethnicity

(NH White, NH Black, Hispanic, another NH race/ethnicity),

education (high school or less, some college, college degree or more),

and income (<$25,000, $25–49,999, $50–74,999, $75,000+).

2.3 | Statistical analysis

All analyses accounted for the complex sampling design using strata

and individual sample weights calibrated to be representative of the

population size within the geographic stratum, overall, and by sex and

age. We generated weighted descriptive statistics and evaluated

missing data for all key variables. Income was imputed for the 11.4%

of respondents with missing income data using hot deck imputation

under the missing at random assumption.36 Industries and occupa-

tions with fewer than 30 respondents were collapsed into an “other”

category to avoid small cell sizes.

The total share of employment by industry subsector in Michigan

during 2020 was calculated using data reported by the Quarterly

Census of Employment and Wages (QCEW) series from the US
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Bureau of Labor Statistics (BLS).37 We calculated the numerator (i.e.,

the number of active employees for each industry subsector) by

taking the 12‐month average of monthly employee counts (from

private and federal, state, and local government establishments) for

each industry subsector. The denominator (i.e., the total number of

active employees in Michigan during 2020) was calculated by

summing the average counts for all industry subsectors. Data from

<1% of the total number of establishments in Michigan were not

disclosed and, therefore, not included in this analysis. Pearson χ2

tests were used to compare the weighted proportion of sample

respondents in each industry subsector with the corresponding

proportion for the state of Michigan. Design‐adjusted, Rao‐Scott χ2

tests were used to compare differences in in‐person work status,

source of exposure, and PPE availability by industry subsector and

major occupation group. For descriptive purposes only, we tabulated

differences in in‐person status, source of exposure, and PPE

availability stratified by time (pre‐ and post‐Michigan's statewide

shutdown). Statistical significance was set with an alpha level of 0.05.

Data were analyzed using Stata version 16 and figures were made

using RStudio version 4.1.2.

3 | RESULTS

Weighted descriptive statistics of the analytic sample are presented

inTable 1 (N = 1244). The sample included 53.1% female respondents

and was predominantly aged 44 and under (54.4%), and NH White

(64.0%). Approximately three‐quarters of the sample (78.8%) were in‐

person workers. Work was the reported source of SARS‐CoV‐2

exposure in 30.4% of all cases. Among in‐person workers (n = 972),

18.4% reported having adequate PPE “never or rarely.”

The proportion of in‐person workers varied significantly by

industry subsector (p < 0.001) and occupation group (p < 0.001)

(Figure 1A,B). The share of in‐person respondents was highest in

TABLE 1 Descriptive statistics of employed respondents
(N = 1244) (Michigan COVID‐19 Recovery Surveillance Survey)

Unweighted
N

Weighted %
(95% CI)

Sex

Male 517 46.9 (43.8, 50.0)

Female 727 53.1 (50.0, 56.2)

Age

18–34 357 32.7 (29.9, 35.7)

35–44 259 21.7 (19.3, 24.4)

45–54 297 23.0 (20.5, 25.6)

55–64 257 17.8 (15.6, 20.1)

65+ 74 4.8 (3.7, 6.2)

Race‐ethnicity

Non‐Hispanic White 818 64.0 (61.1, 66.8)

Non‐Hispanic Black 150 11.2 (9.6, 13.1)

Hispanic 118 11.6 (9.7, 13.9)

Another NH race/ethnicity 132 11.0 (9.2, 13.0)

Missing 26 2.1 (1.4, 3.2)

Income

$0–24,999 194 16.1 (14.0, 18.5)

$25k–49,999 282 22.8 (20.3, 25.5)

$50k–74,999 220 17.7 (15.5, 20.2)

$75,000+ 548 43.3 (40.3, 46.3)

Education

High school or less 284 24.1 (21.5, 26.8)

Some college 430 33.0 (30.3, 36.0)

College 522 42.4 (39.4, 45.4)

Missing 8 0.5 (0.2, 1.2)

In‐person worker status

In‐person 972 78.8 (76.3, 81.2)

Not in‐person 264 20.6 (18.3, 23.1)

Missing 8 0.6 (0.3, 1.2)

Self‐reported source of exposure

Work 390 30.4 (27.7, 33.3)

Other 390 32.6 (29.8, 35.6)

Unknown 434 34.2 (31.4, 37.1)

Missing 30 2.8 (1.9, 4.0)

Adequate PPE availabilitya

Never‐rarely 176 18.4 (15.8, 21.2)

Sometimes 120 12 (9.9, 14.4)

Often‐always 669 68.9 (65.6, 72.0)

Missing 7 0.8 (0.4, 1.7)

TABLE 1 (Continued)

Unweighted
N

Weighted %
(95% CI)

Sample wave

On or before April 15, 2020 462 35.7 (32.9, 38.6)

4/16/20–5/31/20 176 14.5 (12.4, 16.8)

6/1/20–7/31/20 218 17.6 (15.4, 20.1)

8/1/20–9/30/20 175 13.7 (11.8, 16.0)

10/1/20–11/15/20 213 18.5 (16.2, 21.0)

Survey mode

Telephone 568 46.0 (43.0, 49.1)

Online 676 54.0 (50.9, 57.0)

Abbreviations: NH, non‐Hispanic; PPE, personal protective equipment.
aPPE availability was only measured among in‐person employees (n=972).
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F IGURE 1 In‐person work status by (A) industry subsector (n = 1127) and (B) major occupation group (n = 1175) (Michigan COVID‐19
Recovery Surveillance Survey). P‐values are derived from design‐adjusted Rao‐Scott χ2, which tested whether the share of in‐person
employees was the same (null hypothesis) or different across any of the industry or occupation categories. [Color figure can be viewed at
wileyonlinelibrary.com]
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critical infrastructure industry subsectors, including Justice, Public

Order, and Safety Activities (98.0%); Nursing and Residential Care

Facilities (94.5%); Hospitals (93.8%); and Food Manufacturing

(90.6%). In‐person work status was lowest among respondents in

the Professional, Scientific, and Technical Services (48.7%)

industry subsector and for the Computer and Mathematical

Occupations occupation group (43.3%). As expected, the share

of in‐person workers increased in nonessential industry subsec-

tors (i.e., Food Services and Drinking places) and those with a

remote option (i.e., Educational Services) after the “Stay Home,

Stay Safe” executive order was rescinded (June 1, 2020)

(Supporting Information: Table I).

Several industry subsectors contained a disproportionate

share of MI CReSS participants infected with COVID‐19

before November 16, 2020, compared to their share of Michigan's

total employed individuals in 2020 (Figure 2). In descending order

of proportion of employed MI CReSS respondents, the difference

in the proportion of MI CReSS respondents in an industry

subsector compared to the proportion of total employed indivi-

duals in Michigan was 8.3 percentage points in Hospitals; 7.1

percentage points in Nursing and Residential Care Facilities;

4.0 percentage points in Justice, Public Order, and Safety; 3.8

percentage points in Ambulatory Healthcare; and 3.1 percentage

points in Food Manufacturing and Transportation Equipment

Manufacturing (p‐values were <0.001 for all two‐way compari-

sons) (Figure 3).

Source of self‐reported SARS‐CoV‐2 exposure varied by industry

subsector (p < 0.001) and major occupation group (p < 0.001)

(Figure 3A,B). Work‐related exposure was most prevalent among

critical infrastructure industry subsectors, including Nursing and

Residential Care Facilities (65.2%); Justice, Public Order, and Safety

Activities (63.3%); Food Manufacturing (57.5%); and Hospitals

(55.6%) (Figure 3A). After the “Stay Home, Stay Safe” executive

order was rescinded (June 1, 2020), the share of work‐related

exposure decreased among workers in Hospitals (during

shutdown: 65.6% [95% CI: 56.4%–73.9%], postshutdown: 27.4%

[15.6%–43.6%]) and in Nursing and Residential Care Facilities (during

shutdown: 72.3% [61.2%–81.2%], postshutdown: 48.2% [31.1%‐

65.8%]) (Supporting Information: Table II).

Over 50% of respondents with Protective Services (57.9%),

Healthcare Support (56.5%), and Healthcare Practitioners and

Technical (51.9%) occupations cited work as the source of their

exposure (Figure 3B). An unknown source of exposure was most

common among respondents in Educational Instruction (51.4%),

while nonwork‐related exposure was most common among Com-

puter and Mathematical occupations (57.5%) (Figure 3B).

Among in‐person employees, availability of adequate PPE varied

by industry subsector (p = 0.051) and occupation groups (p = 0.047)

(Figure 4A,B). The same three industry subsectors with the highest

work‐related exposure—Food Manufacturing; Nursing and Residen-

tial Care; and Justice, Public Order, and Safety Activities—were most

likely to report having adequate PPE “never” or “rarely” (36.4%,

F IGURE 2 Proportion of employed Michigan COVID‐19 Recovery Surveillance Survey (MI CReSS) respondents with COVID‐19 by industry
subsector (n = 1161) compared to the proportion of all active employees in Michigan during 2020 by industry subsector. Michigan COVID‐19
Recovery Surveillance Survey. P‐values for Pearson's χ2 tests, which tested whether the proportion of sample respondents in each industry
subsector (counts were enumerated using sampling weights) was the same as the corresponding proportion for the state of Michigan, were all
<0.001. Percentages for the MI CReSS sample are weighted. The figure only shows industry subsectors with ≥30 MI CReSS respondents,
therefore, the percentages do not add up to 100%. Data used to calculate the average share of employment by industry subsector in Michigan
come from the US Bureau of Labor Statistics' Quarterly Census of Employment and Wages series for the year 2020. [Color figure can be viewed
at wileyonlinelibrary.com]
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F IGURE 3 Self‐reported source of SARS‐CoV‐2 exposure by (A) industry subsector (n = 1134) and (B) major occupation group
(n = 1182) (Michigan COVID‐19 Recovery Surveillance Survey). P‐values are derived from design‐adjusted Rao‐Scott χ2, which tested whether
the distribution of self‐reported exposure is the same (null hypothesis) or different across any of the industry or occupation categories.
[Color figure can be viewed at wileyonlinelibrary.com]
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F IGURE 4 Availability of adequate personal protective equipment (PPE) by (A) industry subsector (n = 900) and (B) major occupation group
(n = 938) among in‐person respondents (Michigan COVID‐19 Recovery Surveillance Survey). p‐values are derived from design‐adjusted Rao‐
Scott χ2, which tested whether the distribution of self‐reported exposure is the same (null hypothesis) or different across any of the industry or
occupation categories. [Color figure can be viewed at wileyonlinelibrary.com]
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27.9%, and 26.7%, respectively) (Figure 4A). Among in‐person

healthcare workers, 22.4% of Health are Support and 15.2% of

Healthcare Practitioners and Technical occupations reported having

adequate PPE “never” or “rarely” during the first year of the pandemic

(Figure 4B). We observed improvements in reported PPE availability

among all industry subsectors over time, however, 11.3% of Food

Manufacturing and 9.9% of Nursing and Residential Care Facilities

still reported having adequate PPE “never” or “rarely” after June 1,

2020, when national supplies were improving (Supporting Informa-

tion: Table III).

4 | DISCUSSION

Using industry and occupation surveillance data collected from

surveys among a representative sample of Michigan residents

infected with COVID‐19 before November 16, 2020, we identified

industry subsectors that experienced a disproportionate share of

COVID‐19 infections and described patterns of work‐related

exposure and PPE availability by industry subsector and occupation

group. The results established work as a key source of self‐reported

SARS‐CoV‐2 exposure in 30.4% of all cases among employed

Michigan residents with COVID‐19. Self‐reported work‐related

exposure was highest among respondents in Nursing and Residential

Care Facilities (65.2%); Justice, Public Order, and Safety Activities

(63.3%); and Food Manufacturing (57.5%). Occupations with a high

prevalence of work‐related exposure included Protective Services

(57.9%); Healthcare Support (56.5%); Healthcare Practitioners

(51.9%); and Production workers (39.8%). Respondents in the three

industry subsectors with the highest levels of work‐related SARS‐

COV‐2 exposure were also most likely to report limited availability of

adequate PPE. These findings provide needed data on work‐related

SARS‐CoV‐2 exposure and offer insight into criteria that can be used

to identify high‐risk industries and worker groups. Moreover, this

study demonstrated the usefulness of industry and occupation

surveillance data to help target the allocation of needed supplies

and detect strengths and weaknesses in existing prevention methods.

According to data provided by MDHHS, Michigan sustained

numerous COVID‐19 outbreaks, defined as “two or more cases with a

link by place and time” in long‐term care facilities, prisons, and food

processing plants during the first year of the pandemic.38–40 In

concordance with these outbreak events, Nursing and Residential Care

Facilities; Justice, Public Order, and Safety Activities; and Food

Manufacturing industry subsectors were most likely to report work‐

related exposure and the least likely to report having adequate PPE

“often” or “always” in comparison to the other subsectors. Despite

numerous COVID‐19 clusters in K‐12 schools throughout Michigan,40

the share of COVID‐19 cases in Educational Services within the study

sample was 2.2 percentage points less than their share of Michigan's

total employed individuals. This may be attributed to the fact that the

study period covered summer months during which many employees in

Educational Services have off and were less likely to have been exposed

at school. At the same time, teachers, like employees with a high level of

public interface, may also have a harder time isolating their exposure

source; 51.4% of respondents in Educational Instruction and Library

occupations reported not knowing their source of exposure and only

16% described it as being work‐related.

A key contribution of this study is a population‐based estimate of

self‐reported work‐related COVID‐19 infections in the United States.

Our finding that 30.4% of COVID‐19 infections among employed

Michigan residents before November 16, 2020, were work‐related is

in support of the few available, albeit international, estimates

published since the start of the pandemic. Based on the review of

COVID‐19 workers' compensation claims in Italy submitted before

May 15, 2020, covering approximately 85% of the national work-

force, Marinaccio et al.41 estimated that 30.0% of working‐age

people infected with COVID‐19 had work‐related exposures.

Similarly, in the Netherlands, reports of occupational COVID‐19

(between March and September 2020) accounted for 33.0% of all

reported occupational diseases.42 And in Canada, using a combina-

tion of partial public health surveillance data on industry and

occupation and workers' compensation claims from workers who

tested positive for COVID‐19 (accepted claims only), an estimated

20% of all cases among working‐aged adults between March and

August 2020 were considered work‐related.43 While workers'

compensation claims may be subject to some bias related to the

financial needs of a worker or the claim adjudication process, they

provide powerful insight into the long‐term impacts of the COVID‐19

pandemic on occupational health.

Our results mostly support existing methods of classifying

occupational risk of SARS‐CoV‐2 exposure based on work character-

istics.9,14 For example, respondents in jobs with direct patient contact

(e.g., Healthcare Support and Healthcare Practitioners) and jobs with

close proximity to others (e.g., Production workers) were more likely

to report work‐related exposure than respondents in sectors less

likely to have these features (e.g., Business and Financial Operations

and Computer and Mathematical occupations). However, we found

that respondents in occupations with a high likelihood of public

interface were more likely to report not knowing their source in

comparison to work‐related or not work‐related sources: 40.6% of

Food Preparation and Serving and 41.3% of Sales and Related

occupations reported not knowing the source of their SARS‐CoV‐2

exposure. It may be hard for a worker with frequent contact with the

public and co‐workers to feel confident in knowing their source of

exposure. This finding may have implications for how occupational

COVID‐19 and related workers' compensation laws are defined.

In addition to work characteristics, job status may contribute to a

worker's SARS‐CoV‐2 exposure risk. Existing evidence suggests that job

status, defined as “the proportion of workers within each occupation

with at least some college education,” is a contributing factor to an

employee's level of access to workplace COVID‐19 risk mitigation

measures, such as PPE.16 Although we observed differences in the

availability of PPE between Healthcare Support occupations, a low‐

status job in the healthcare industry, and Healthcare Practitioners, a

high‐status job, the confidence intervals were wide and the difference

did not reach statistical significance. It may be, however, that there are
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larger differences in COVID‐19 prevention methods that are higher up

on the hierarchy of controls, such as improved ventilation and social

distancing, when comparing workers across job status. In the future,

larger studies are needed to better understand the intersection between

workplace COVID‐19 prevention methods and job status on work‐

related SARS‐CoV‐2 exposure. This is especially important given our

knowledge that workers in low‐status jobs may be more susceptible to

worse COVID‐19‐related outcomes due to higher rates of comorbidities

and less access to medical insurance.6,44,45

This study has limitations. The MI CReSS study only collects data

among PCR‐confirmed COVID‐19 positive individuals, limiting our ability

to calculate the risk of COVID‐19 infection among all employed

individuals by industry and occupation. However, using data from the

BLS to calculate the total number of employees by industry subsector

during the same timeframe as the study, we were able to describe

industries that experienced a disproportionate number of Michigan

residents infected with COVID‐19. Additionally, the use of a self‐

reported source of exposure is subject to bias. Respondents in high‐risk

settings, such as healthcare workers, may be more likely to report work

as the source of their exposure even if they are unsure. Respondents

were not given guidance on the type of PPE necessary to “adequately”

protect them from SARS‐CoV‐2 exposure at work given differences in

appropriate levels of PPE for specific occupations and at different times

throughout the pandemic. Therefore, interpretations of what constitutes

adequate PPE may have differed among respondents within the same

occupation depending on their level of PPE awareness and the period of

the pandemic during which they were infected. Given the sample size of

employed MI CReSS respondents, we were unable to make comparisons

across more specific industry and occupation classifications, such as

industry groups and minor occupation groups. Lastly, the data source for

the sampling frame, MDSS, only includes individuals who tested positive

for COVID‐19 and likely does not reflect all individuals who contracted

COVID‐19 during the relevant period, given the limited access to

COVID‐19 testing for qualifying individuals at the start of the pandemic.

Testing limitations were more severe among NH Black and Hispanic low‐

income populations,46 which may have resulted in an under‐

representation of occupations more commonly held by individuals of

lower socioeconomic status in our sample. Moreover, we were unable to

account for race/ethnicity when constructing the sample weights

because of its high level of missingness in the testing data reported to

the MDHHS. Nevertheless, due to our population‐based sampling and

weighting by age and sex within geographic strata, our sample is

representative of noninstitutionalized adults with a positive PCR test for

COVID‐19 in Michigan who survived, unlike clinical or convenience

samples.

5 | CONCLUSION

Fragmented industry and occupation surveillance throughout the

COVID‐19 pandemic, and incomplete record‐keeping of workplace

infections and deaths, have left the public health community with an

insufficient understanding of high‐risk worker groups and the role of

work in SARS‐CoV‐2 transmission. Using industry and occupation

surveillance data from surveys from a representative sample of Michigan

residents with PCR‐confirmed COVID‐19 before November 16, 2020,

we found a substantial share of infections to be work‐related (according

to self‐report) and identified high‐risk jobs and job settings. The results of

this study support the need for workers' compensation laws for COVID‐

19 in Michigan and across the United States and the implementation of a

risk‐based COVID‐19 standard to protect workers in all industries. The

results demonstrated how state‐level systems for industry and occupa-

tion surveillance can help: detect patterns of workplace exposure,

identify strengths and weaknesses in workplace mitigation measures,

target health and safety inspections and the distribution of PPE, and

examine the impacts of policy changes (e.g., reopening of nonessential

services) on viral transmission. Multidisciplinary collaborations between

public health departments, epidemiologists, and occupational health and

safety officials, for example, can maximize the usefulness of these data.

We recommend the inclusion of open‐entry industry and occupation

fields in all public health surveillance of people infected with COVID‐19

or future airborne infectious diseases, for which we have little under-

standing of risk factors and preventing transmission is critical.
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