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Abstract

IMPORTANCE Policy makers have relaxed restrictions for certain nonessential industries, including
construction, jeopardizing the effectiveness of social distancing measures and putting already at-risk
populations at greater risk of coronavirus disease 2019 (COVID-19) infection. In Texas, Latinx
populations are overly represented among construction workers, and thus have elevated rates of
exposure that are compounded by prevalent high-risk comorbidities and lack of access to
health care.

OBJECTIVE To assess the association between construction work during the COVID-19 pandemic
and hospitalization rates for construction workers and the surrounding community.

DESIGN, SETTING, AND PARTICIPANTS This decision analytical model used a mathematical model
of COVID-19 transmission, stratified by age and risk group, with construction workers modeled
explicitly. The model was based on residents of the Austin–Round Rock metropolitan statistical area,
with a population of 2.17 million. Based on 500 stochastic simulations for each of 15 scenarios that
varied the size of the construction workforce and level of worksite transmission risk, the association
between continued construction work and hospitalizations was estimated and then compared with
anonymized line-list hospitalization data from central Texas through August 20, 2020.

EXPOSURES Social distancing interventions, size of construction workforce, and level of disease
transmission at construction worksites.

MAIN OUTCOMES AND MEASURES For each scenario, the total number of COVID-19
hospitalizations and the relative risk of hospitalization among construction workers was projected
and then compared with relative risks estimated from reported hospitalization data.

RESULTS Allowing unrestricted construction work was associated with an increase of COVID-19
hospitalization rates through mid-August 2020 from 0.38 per 1000 residents to 1.5 per 1000
residents and from 0.22 per 1000 construction workers to 9.3 per 1000 construction workers. This
increased risk was estimated to be offset by safety measures (such as thorough cleaning of
equipment between uses, wearing of protective equipment, limits on the number of workers at a
worksite, and increased health surveillance) that were associated with a 50% decrease in
transmission. The observed relative risk of hospitalization among construction workers compared
with other occupational categories among adults aged 18 to 64 years was 4.9 (95% CI, 3.8-6.2).

CONCLUSIONS AND RELEVANCE The findings of this study suggest that unrestricted work in high-
contact industries, such as construction, is associated with a higher level of community transmission,
increased risks to at-risk workers, and larger health disparities among members of racial and ethnic
minority groups.
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Key Points
Question Is construction work

associated with increased community

transmission of coronavirus disease

2019 (COVID-19) and disproportionate

morbidity among construction workers

in US cities?

Findings This decision analytical model

of COVID-19 found that resuming

construction work during shelter-in-

place orders was associated with

increased hospitalization risks in the

construction workforce and increase

transmission in the surrounding

community. Based on COVID-19

hospitalization data through August 20,

2020, construction workers had a nearly

5-fold increased risk of hospitalization

in central Texas compared with other

occupational categories.

Meaning The findings of this study

suggest that enacting workplace safety

policies and providing paid sick leave

could protect essential workers in high-

contact industries and prevent further

widening of disparities in COVID-19

morbidity and mortality.
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Introduction

During March 2020, cities across the United States enacted stay-at-home orders to combat the
emergence of the coronavirus 2019 (COVID-19) pandemic. Essential industries, such as health care,
transportation, energy, and food, were kept open, while nonessential industries, such as restaurants
and entertainment, were largely prohibited. However, policy makers were divided on construction
work. Boston, New York, and San Francisco severely restricted allowable projects.1,2 Other cities and
states deemed commercial and home construction essential.3 Most of the nation’s 7.3 million
construction workers remained employed throughout April and May of 2020, representing 4.5% of
the labor workforce, ranging from 1.8% in the District of Columbia to 10.5% in Wyoming.4 The risk of
viral transmission on construction worksites is amplified by the physical proximity required for many
tasks.5 Latinx populations are overly represented among construction and essential industries,6 and
thus have elevated rates of exposure that are compounded by prevalent high-risk comorbidities and
lack of access to health care.7 These overlapping risks likely contribute to the disproportionate
burden of COVID-19 infections and deaths reported within Latinx communities.8

On March 24, 2020, the city of Austin, Texas enacted a Stay Home–Work Safe order that limited
construction work to projects designated as critical infrastructure. This excluded commercial and
residential construction.9 A week later, the Texas governor overruled this restriction, declaring all
construction work permissible statewide.10 At the time, the authors of this study conducted a risk
assessment per a request from the mayor of Austin and judge of Travis County. It was determined
that construction work might undermine the efficacy of the stay-home order, accelerating spread
and amplifying risk in a workforce with overlapping risks.11 The early projections were corroborated
by heightened hospitalization rates within the Austin construction workforce between March 13 and
August 20, 2020.

In general, subgroups that engage in activities that increase their exposure to the virus are likely
to experience a disproportionate burden of disease and, if socially connected to the surrounding
community, cause a disproportionate degree of community spread. In this study, we quantified these
risks for the construction industry in Austin, Texas, during the early months of the COVID-19
pandemic as a data-driven demonstration of this general phenomenon.

Methods

A data-driven model of COVID-19 transmission was used to estimate the association between
construction work and the effective reproduction number (Re) of the virus. The model captures
age-specific high-risk proportions and contact rates between the general public and Austin’s
approximately 50 000 construction workers. The projections hinge on the efficacy of measures to
protect health and safety at worksites, such as health monitoring and wearing face masks.

The hospitalization data analyzed in this study were provided in deidentified files by the City of
Austin. This study qualifies for an exemption of informed consent per the Common Rule with an
approval by the institutional review board of The University of Texas at Austin currently pending. This
analysis adheres to the Consolidated Health Economic Evaluation Reporting Standards (CHEERS)
reporting guideline, where applicable.

Transmission Model
The stochastic age-structured and risk-structured compartmental model used in this study describes
the epidemiological transmission dynamics of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) within and between 217 metropolitan areas in the United States. In each metropolitan
area, the model includes 5 age groups,12 each with 3 risk groups (ie, low risk, high risk, and pregnant)
derived from data on high-risk comorbidities available through the US Centers for Disease Control
and Prevention (CDC) 500 Cities Project13 as well as on the local prevalence of HIV,14 morbid
obesity,15,16 births,17 and abortions18 (eAppendix 1 in the Supplement). The transmission of the virus
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is represented by equations that track the movement of individuals among several disease states:
susceptible, exposed, presymptomatic, asymptomatic, symptomatic, hospitalized, and recovered
(eAppendix 2 in the Supplement).

For this analysis, the submodel for the Austin–Round Rock metropolitan statistical area (MSA)
was modified to explicitly include Austin’s construction workforce. There are an estimated 50 000
construction workers in the Austin metropolitan area, representing more than 4% of the labor
force,19 not accounting for undocumented workers. The model assumes that all construction workers
are aged 18 to 49 years with the same high-risk proportion as in the general population in the
base case.

The start date and transmission rate (β) of the model are calibrated simultaneously by statistical
fitting to local hospitalization rates, finding the parameters that generated forecasts of the number
of hospitalizations for the entire population that most closely matched the actual data by May 3
(Figure 1). The model assumes a constant transmission rate before the declaration of the stay-at-
home order on March 24, 2020, and a constant reduction in contacts after the order that directly
reduced the transmission rate. The details of the fitting method are provided in eAppendix 2 in the
Supplement. Using the transmission rate, the implied basic reproductive number and doubling time
prior to intervention are computed using a next-generation matrix.20

Simulations begin with 5 presymptomatic cases in individuals aged 18 to 49 years on February
29, 2020, and update at 2.4-hour intervals. For each combination of construction workforce size (0%
to 100% in 25% increments) and relative worksite transmission risk (half, mean, or double), 500
stochastic simulations were run and the medians and interquartile ranges based on daily data are
reported.

As a base case, the risk of transmission at construction worksites was assumed to be equal to
the overall workplace transmission rate, estimated for all individuals aged 18 to 49 years. As a high-
risk scenario, the transmission rate was double the base case. This might occur if construction work
generally entails more frequent or extended physical contact or if interactions are elevated by
workers migrating from nonessential worksites that are closed during stay-home orders to a smaller
number of essential worksites. As a low-risk scenario, the workplace transmission was reduced by
50%, which might result from precautionary measures, including thorough cleaning of equipment
between uses; wearing of protective equipment, such as gloves and masks; limits on the number of
workers at a given worksite; and increased health surveillance on worksites, including daily
temperature readings, rapid COVID-19 testing for workers with symptoms, contact tracing, and

Figure 1. Reported and Projected Coronavirus Disease 2019 Hospitalizations in the Austin–Round Rock
Metropolitan Area
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isolation of cases and known contacts of workers who test positive for COVID-19. The model assumed
that Austin’s stay-home order reduced transmission overall by 73.3% until mid-August, when schools
were scheduled to reopen. Model structure and a complete list of parameters are provided in
eAppendix 2 in the Supplement.

In addition to running simulations, an analytic method was used to estimate the association of
construction work with the Re of the virus in the surrounding community. As described in eAppendix
3 in the Supplement, an equation for the mean number of secondary infections from an infected
construction worker was derived; it decomposes transmission events into those occurring at work
and not at work. Based on the value of R0 estimated from hospitalization data during the Austin stay-
home order, the level of transmission risk at construction worksites that would be expected to
elevate the reproduction number to greater than 1 was determined.

Estimating Relative Risk of Hospitalizations
To track risks in the construction workforce and other high-risk industries, Austin Public Health
collects occupation information for patients hospitalized with COVID-19. Deidentified COVID-19
hospitalization line-list data were provided for this study by the 3 major hospital systems in the Austin
metropolitan area (ie, Seton Healthcare Family; HCA Healthcare; and Baylor, Scott, and White
Health). As of August 20, 2020, the 3 systems reported a total of 3536 COVID-19 hospitalizations,
including 2267 patients between the ages of 18 and 64 years. This analysis was restricted to the 515
case reports (22.7%) in this age group that included occupation information. Of these, 77 (15.0%)
reported working in construction.

Assuming a construction workforce of 50 000 in the Austin MSA and 1 380 000 total
individuals between the ages of 18 and 64 years in Austin who are not construction workers, the
confirmed cumulative hospitalization rate (ri) in each group can be estimated as ri = hi / ni where hi

corresponds to the number of hospitalized individuals in each group (ie, 77 for construction workers
and 438 for the main population) and ni corresponds to their respective population sizes.

The relative risk (risk ratio; RR) of COVID-19 hospitalizations among construction workers is
given by:21

RR =
rc

rm

where rc and rm denote the cumulative COVID-19 hospitalization rates among construction workers
and nonconstruction workers aged 18 to 64 years, respectively. Given the natural log of the RR is
approximately normally distributed, the 95% CI for RR is given by:

RR · e±1.96 ·√ (nc – hc)/hc
nc

(nm – hm)/hm
nm

+

Statistical Analysis
The relative risk of hospitalization of construction workers is computed using the methodology
described earlier, following section 2 in the article by Katz et al.21 The mean and 95% confidence
interval are reported. The analysis was conducted in Python version 3.7.6. Statistical significance was
set at P < .05, and all tests were 2-tailed.

Results

Fitting the COVID-19 transmission model to Austin area hospitalization data through May 3, 2020,
suggests that when SARS-CoV-2 first emerged in Austin in February or March of 2020, the virus had
a basic reproductive number of 4.14 (95% CI, 3.15-6.13) and a doubling time of 2.53 days. The March
24, 2020, stay-home order was associated with an estimated 73.3% (95% CI, 60.0%-80.0%)
reduction in the local transmission rate to an Re of 0.96 (95% CI, 0.72-1.44) (Figure 1). Under these
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conditions, construction work would be expected to force the citywide reproduction number to
greater than 1 if worksite transmission risk was just 14.2% higher than a typical workplace.

From the city of Austin’s COVID-19 hospital case reports through August 20, 2020, the median
cumulative hospitalization rate was estimated at 1.5 per 1000 residents overall and 6.8 per 1000
construction workers (Figure 2). Based on model projections through the summer of 2020, it was
estimated that allowing unrestricted construction work would be associated with an increase in the
COVID-19 hospitalization rate from 0.38 per 1000 residents to 1.5 per 1000 residents overall. In the
construction workforce, the risk would increase from 0.22 per 1000 construction workers to 9.3 per
1000 construction workers (Figure 3). Both the size of the workforce and the risk of infection at
worksites were varied, and then the hospitalization risk among construction workers was estimated
(Figure 3; eAppendix 4 in the Supplement). For each scenario, the RR of COVID-19 hospitalization
was also calculated, ranging from 0.70 when no construction work was allowed to 8.65 when 100%
of construction workers continued work with mean worksite transmission risk. Safety measures
associated with at least a 50% decrease in worksite transmission were estimated to fully mitigate this
increased risk. Similarly, reducing worksite transmission by at least 50% was associated with less
transmission and fewer COVID-19 hospitalizations in the broader community. On the other hand, if
worksite transmission risk was increased to 200% of its baseline level, construction work would be
associated with an increase in hospitalizations (Figure 4). In general, reducing the number of workers
and worksite risk through measures such as personal protective equipment, physical distancing, and
generous sick leave act similarly, suggesting that strict worksite protocols could be used to
counterbalance the risks of expanding the workforce.

As of mid-May, Austin Public Health had identified 19 clusters of at least 3 co-occurring
confirmed COVID-19 cases in the construction industry, and by mid-July, 23 more had emerged.22

Based on COVID-19 hospital case reports through August 20, 2020, 77 of 515 hospitalized individuals
(15.0%) aged 18 to 64 years with known occupation reported working in construction. Construction
workers in Austin thus have an RR of COVID-19 hospitalization of 4.9 (95% CI, 3.8-6.2) compared
with other occupational categories in the same age group, which is consistent with the projections
made to support decision-making by the city of Austin in late March. Figure 3 suggests that this
relative risk could correspond to multiple possible scenarios, including a small workforce (less than
50%) coupled with high worksite risk (ie, 200%) or large workforce (75%-100%) coupled with
moderate worksite risk. Given that all construction was permitted following the Texas governor’s
March 31, 2020, executive order,10 the latter scenario is a more plausible explanation for the
observed data.

It was assumed that the proportion of construction workers with high-risk conditions was equal
to that of the general population in the same age group. However, documented socioeconomic,

Figure 2. Projected Coronavirus Disease 2019 Hospitalizations in the Austin–Round Rock Metropolitan Area
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occupational, and health susceptibilities among US construction workers suggest that the high-risk
proportion may be elevated.23,24 A sensitivity analysis (eAppendix 4 in the Supplement) suggests
that such disparities would amplify the disproportionate hospitalization risk among
construction workers.25

Figure 3. Projected Coronavirus Disease 2019 Hospitalization Rates in the Austin–Round Rock Metropolitan
Statistical Area Under All Construction Work Scenarios
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Discussion

In March 2020, as US cities and states rapidly enacted shelter-in-place orders to mitigate the
emerging threat of COVID-19, local policy makers scrambled to determine which essential and semi-
essential industries to exempt, without clear guidelines from state or federal authorities.
Construction in Austin, Texas, was initially halted by a local order but then, 1 week later, deemed
essential by a state order that allowed it to continue. Using a mathematical model to estimate the
risks of maintaining key industries during the COVID-19 pandemic to both the industry workforce and
surrounding metropolitan area, it appears that construction work in Austin during the spring 2020
lockdown was associated with a 5-fold greater COVID-19 hospitalization risk among workers and
exacerbation of the local epidemic. However, stringent workplace safety measures could significantly
mitigate these risks. These projections—which were originally made in response to a city request in
March 2020—are borne out by an almost 5-fold higher COVID-19 hospitalization rate among
construction workers relative to nonconstruction workers through mid-August (Figure 2).

This study demonstrates the feasibility of data-driven COVID-19 projections to inform local
mitigation strategies and anticipate health care needs. It also provides evidence that opening
industries that require daily contact between workers, especially indoors,26 can jeopardize the health
of the workforce and community during waves of the COVID-19 pandemic. These findings prompted
Austin to issue specific requirements for worksite management, including regular cleaning of shared
equipment and common areas, management of the number of people on worksites, daily monitoring
for symptoms, and record-keeping of individuals on every site for contact tracing.9 Cities throughout
the United States have likewise specified guidelines, mandating COVID-19–specific training in
multiple languages and worksite requirements beyond minimums from the Occupational Safety and
Health Administration.27 Fully implementing and enforcing paid sick leave and protections from job
loss related to COVID-19 could further improve containment.

The risk of infection on construction worksites is compounded by overlapping exposures in the
construction workforce, which includes roughly 1 million undocumented workers across the United
States.28 Nearly 30% of the construction workforce in the United States are Latinx individuals, 7%
are Black individuals, and 5% belong to other minority groups; in Austin, 66% are Latinx individuals;
4%, Black individuals; and 3%, other minority groups.29 For these workers, occupational hazards are
compounded by the increased risk of COVID-19 infection, hospitalization, and mortality among Black
and Latinx individuals in the United States.30 Approximately 24% of all construction workers and
nearly 48% of Latinx construction workers do not have health insurance23 and thus lack access to

Figure 4. Projected Association of Construction Work With Coronavirus Disease 2019 Hospitalizations Through August 2020
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preventative care, have disproportionate comorbidities,31 and are less likely to seek timely and safe
treatment for COVID-19 infections.32 Hospitalization risk may also be elevated by high rates of
smoking and exposure to hazardous materials at worksites.33 Finally, transmission may be amplified
by symptomatic cases continuing to work out of economic desperation and above-average sized
households.29,34 The elevated risks and bleak projections hold broadly for low-paying industries with
high-contact workplaces, such as the food processing plants and warehouses that have sustained
devastating outbreaks in Texas, Indiana, and Delaware.35-37

Of note, these quantitative findings specifically pertain to COVID-19 risks associated with
construction work in Austin, Texas, during the spring and summer of 2020. Extrapolating to other
industries, communities, or periods requires a careful look at workforce size, workplace conditions,
and the social network connecting the industry to the surrounding community. Nonetheless, the
qualitative conclusions can be more broadly generalized. Opening industries with large locally
integrated workforces that face higher than average workplace risk of infection can be risky. For any
industry in any city, if an infected worker is likely to infect at least 1 coworker, then opening the
industry will make containment impossible, unless the workforce is essentially cordoned off from the
rest of the community. The excess disease burden among workers and their families and the spillover
into the city may be substantial and exacerbated by overlapping risks in low-income communities.
Industry-specific analyses, like those presented herein, can provide critical information for policy
makers struggling to balance competing public health and economic needs during the COVID-19
pandemic. Moreover, they reflect the downstream benefits of providing resources and regulations to
reduce exposure risks, including access to personal protective equipment, cohorting, and physical
distancing at worksites as well as incentives for workers with underlying conditions or symptoms to
stay home.

Limitations
This study has limitations. The compartmental susceptible-exposed-infected-recovered model of
COVID-19 transmission used to project construction-related risks makes several simplifying
assumptions. The population is broken into 12 subgroups: 2 subgroups representing the construction
workforce for 12 different age-specific and risk-specific groups. Although the transmission rates
within and between subgroups vary widely, all individuals within a single subgroup are assumed to
have identical infection rates. However, construction workers may face very different exposure risks
depending on the type and size of their projects. More granular compartmental or agent-based
models of COVID-19 transmission38 could provide sub–industry-level insights to inform staged
reopenings and effectively targeted mitigation strategies.

In addition, the model assumes that the number of construction workers and the citywide
contact patterns remain constant throughout the period of analysis. Although Texas has among the
lowest seasonality in construction employment,39 extrapolating these findings to other cities or
seasons should be done cautiously. The size of the construction workforce and worksite risk factors
may depend on local pandemic mitigation strategies, which have varied considerably,40 and on
seasonal conditions that impede outdoor construction, such as extreme heat, cold, or precipitation.41

Furthermore, the Austin hospitalization data includes occupation information for 515 of 2267
patients with COVID-19 aged 18 to 64 years. The reported estimates could be biased if construction
workers were more or less likely to provide occupational data than other working adults. Data
indicating whether hospitalized cases live in households with construction workers could provide
further insight into the indirect associations of essential workforces with transmission rates in local
communities.

Additionally, it was assumed that the risk of COVID-19 transmission at construction worksites
was between half and twice that of the average worksite. For some types of construction and other
industries, the risks could be outside of this range, depending on the number and nature of close
contacts in the workplace and COVID-19 mitigation efforts.42,43
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Conclusions

The findings of this study suggest that the continuation of construction work in central Texas since
the emergence of the pandemic was associated with increased transmission in the surrounding
community and a 5-fold increased risk of hospitalization due to COVID-19 in a workforce with high
proportions of workers who belong to racial and ethnic minority groups. As the United States
navigates relaxing and enacting policies to mitigate the COVID-19 pandemic, communities should
recognize the disproportionate burden of illness already experienced by workers in low-paying, high-
contact industries. Temporarily closing semi-essential industries during pandemic waves, enhancing
workplace safety policies, and providing paid sick leave could offset these risks and prevent further
widening of disparities in COVID-19 morbidity and mortality.
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