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Background and Objective: Coronavirus disease 2019 (COVID-19) is a highly infectious respiratory
disease caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Risk of COVID-19 is
often assessed in relation to different settings where transmission may occur; for example, in the household,
workplace, or in community or social situations. However, determining the source or specific scenario
resulting in an individual’s infection is quite difficult. Our objective was to evaluate patterns in the literature
regarding the risk of COVID-19 infection in the workplace relative to other settings.

Methods: A PubMed literature search was conducted to identify articles pertaining to the settings and risk
factors associated with COVID-19 infection. A two-step selection process was used to screen articles for
inclusion. For the included studies, quantitative measures [largely risk estimates and attack rates (AR)] were
extracted and compiled in a database to facilitate qualitative comparison across settings.

Key Content and Findings: Thirty-three papers met inclusion criteria and were selected for review.
Inconsistencies in study methods and limitations in some studies (e.g., low case counts) complicated
comparisons across settings, but overall patterns emerged. In studies comparing AR or infection risk across
settings, household settings typically were associated with the highest risk of infection (AR: 9.7-69%).
Community and social settings varied, with unique settings such as cruise ships (similar to household settings)
having the highest ARs, but other settings (e.g., shopping, dining) associated with lower ARs (0-13.9%). Once
preventive measures were established, workplace ARs were often lower than the other settings, but some higher
ARs (up to 59%) were reported in the early pandemic in industries with minimal exposure controls and/or close
quarters. The literature indicates that the specific combination of underlying conditions and risk factors (e.g.,
nature and duration of contact, behaviors, and environmental facts) dictate likelihood of infection in any given
setting, and that these factors overlap between, but also are highly variable within and across settings.
Conclusions: There is a clear interaction between household, community/social, and occupational risk
of transmission of SARS-CoV-2. The infection rates associated with these specific settings correlate with
a multitude of underlying risk factors, and the risk of infection in the workplace initially was high in some
settings but subsequently declined to levels lower than household and comparable with community settings.
This review, paired with occupational risk assessment frameworks, can be used to evaluate the overall
likelihood of transmission of SARS-CoV-2 (or other similarly highly community-spread infectious viruses)

within the workplace, and to design and implement risk management strategies to control infections.
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Introduction

Coronavirus disease 2019 (COVID-19) is a highly infectious
respiratory disease caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), which emerged
in Wuhan province, China, in late 2019 (1). SARS-CoV-2
is largely spread via direct, indirect, or close contact with
infected individuals’ respiratory secretions, respiratory
droplets, or fine aerosol particles from coughs, sneezes, or
talking/singing (2). The transmissibility of SARS-CoV-2
may fluctuate due to changes in viral kinetics, including
the rate of viral replication, peak viral load, and viral
clearance. Viral kinetics also may change with vaccination
status and genetic variation in SARS-CoV-2, including the
emergence of new variants (3). Indeed, Delta and Omicron
variants have been associated with dramatic increases in
transmissibility and infectivity relative to earlier variants of
SARS-CoV-2, and the latter also appears to cause less severe
symptoms resulting in lower case hospitalization rates (4).
In any potential exposure scenario, the likelihood of
infection by SARS-CoV-2 is driven by the virus’ inherent
transmissibility coupled with various exposure parameters,
as well as individual behavioral and environmental risk
factors. Fundamentally, however, given that COVID-19 is
a community-spread disease, the baseline risk of infection
is closely linked to community rates of infection at a given
point in time (quantified using the basic reproduction rate
[R naught (RO)], which reflects the average number of other
people an infected individual will infect) (5). Because each
individual has their own (likely overlapping) network of
community contacts—and each individual in the network
will have their own network of community contacts—
the number of potential sources of infection increases
exponentially with increasing contacts. Complicating this
further are the time-dependent aspects of transmission,
as individuals with COVID-19 are infective for a specific
time period. Furthermore, some proportion of infected
individuals will have no or only mild symptoms (that they
may not associate with COVID-19) but nevertheless be
infective for several days following their becoming infected.
Behavioral factors affecting risk may include, but are
not limited to, modes and pattern of travel, frequency
and duration of time spent outside the home, frequency,

© Journal of Public Health and Emergency. All rights reserved.

duration and characteristics of social interactions, use of
personal protective equipment (e.g., masks, respirators),
and personal hygiene (e.g., handwashing, hand sanitizer
use). Similarly, environmental factors, such as room size,
room ventilation rate and airflow characteristics, as well
as characteristics of the exposure, including duration of
contact with individuals infected with SARS-CoV-2 (with
or without symptoms), number of cases to which one is
exposed, and physical distance from COVID-19 case(s),
affect the probability of transmission.

Throughout the course of the COVID-19 pandemic,
now in its third year, outbreaks have occurred in virtually
all settings, including household, community, social, and
workplace environments—even in the most remote regions
of the world (6). Our objective was to review the current
evidence regarding the primary risk factors, settings and
scenarios that are associated with SARS-CoV-2 transmission
and COVID-19 risk that also may be informative for
or considered in analyses of the relative probability of
developing COVID-19 for specific exposure conditions.
We present the following article in accordance with the
Narrative Review reporting checklist (available at https://
jphe.amegroups.com/article/view/10.21037/jphe-22-12/rc).

Methods

A literature review was conducted to identify articles
assessing the potential risk of SARS-CoV-2 transmission
among individuals in various household and non-household
settings. Articles were included if they were in the English
language, a human study, peer-reviewed, and reported
a quantitative outcome. Articles were excluded if they
were in vivo or in vitro laboratory studies, case reports,
commentaries, had a model-based outcome, or only
assessed transmission risk in healthcare workers in a clinical
occupational setting.

We performed a literature search in December 2021 using
the PubMed online database using the following search
criteria: (covid-19) AND LitCTRANSMISSION/filter]
AND ((factors) OR (factor) OR (risk) OR (likelihood) OR
(increase) OR (probability) OR (exposure)). Filters for
“English” and “Human” studies were applied to this search,
and no date limits were applied. We also used a special filter
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specific to COVID-19 in PubMed called “LitCTransmission,”
which is shorthand for the following search terms:

“(“COVID-19” OR “COVID-19”[MeSH Terms] OR
“COVID-19 Vaccines” OR “COVID-19 Vaccines”[MeSH
Terms] OR “COVID-19 serotherapy” OR “COVID-19
serotherapy”[Supplementary Concept] OR “COVID-19 Nucleic
Acid Testing” OR “covid-19 nucleic acid testing”[MeSH
Terms] OR “COVID-19 Serological Testing” OR “covid-19
serological testing”[MeSH Terms] OR “COVID-19 lesting”
OR “covid-19 testing”[MeSH Terms] OR “SARS-Col-2” OR
“sars-cov-2"[MeSH Terms] OR “Severe Acute Respiratory
Syndrome Coronavirus 2” OR “NCOV” OR “2019 NCOV”
OR ((“coronavirus”[MeSH Terms] OR “coronavirus” OR
“COV?) AND 2019/11/01[PDAT] : 3000/12/31[PDAT]))
AND (“transmission”[Text Word] OR “transmission”[MeSH
Subbeading] OR “replication”[Text Word] OR “disease
transmission, infectious”[MeSH Terms])”.

Additional articles were identified from cross-referencing
relevant article references, weekly PubMed email listserv
communications, and non-systematic Google Scholar
searches. From these searches, articles were assessed for
eligibility in an initial title and abstract review, followed
by a full text review. If studies were found eligible after
the two-step review process, the data regarding risk and
attack rates (AR) for different settings where SARS-
CoV-2 was transmitted were extracted and reported in the
supplementary table at https://cdn.amegroups.cn/static/
public/10.21037jphe-22-12-1.xIsx.

Results

The PubMed search yielded 9,230 results. A total of
9,147 studies were excluded after reviewing the title and
abstract, and another 51 were excluded after full-text
screening, largely due to a failure to include quantitative
data. An additional 13 potentially relevant studies were
identified through other means, primarily mining of
review article references and weekly PubMed screenings
checked continually throughout this research. A total of
33 studies met inclusion criteria for full-text review and
data abstraction. Most studies reported either secondary
attack rates (SARs) of COVID-19 infection or odds/
risk ratios associated with household, community/social,
and workplace settings, risk factors, and/or behaviors.
The specific types of settings and underlying risk factors
associated with COVID-19 infection risk in the identified
literature in each of these settings are depicted in Figure 1.
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Household settings

Across the studies reviewed, SARs for household settings
ranged from 9.7% to 69% (7-19). Most studies evaluated
the relative importance of several environments, including
the household, healthcare settings, and the workplace;
in some cases, public transportation/travel, dining, mass
gatherings, and other settings. In all studies evaluating
household versus other transmission settings, the AR or
risk of COVID-19 infection was highest in the household
setting (20,21).

The characteristics of the household interactions
with an index case or cases (e.g., contact time, type of
interaction, number of cases in the household) may also
affect likelihood of infection. In a prospective cohort
study of cases in Hubei Province, China, at the start
of the pandemic, Xin et a/. (18) reported that risk of
COVID-19 among household members increased with
the number of effective contact days (i.e., 3—-11 or =11
days, relative to 1-2 days). However, in another study
conducted in early 2020 in Zhuhai, China, Wu ez al. (17)
reported that there was no difference in the likelihood of
infection in those with <72 versus >72 hours of total time at
home with the index case; however, the maximum total time
with the case was not reported.

In a retrospective cohort study of close contacts of cases
in Singapore (January-April, 2020) sharing a bedroom
(versus not sharing) and speaking to a case >30 minutes
(relative to <30 minutes) were associated with an increased
risk of infection in households (OR =5.38, 95% CI:
1.82-15.84; P=0.0023 for bedroom sharing; OR =7.86, 95%
CI: 3.86-16.02, P<0.0001 for >30 minutes of speaking) (22).
Sharing a toilet, sharing meals, indirect contact (touching
surfaces/objects touched by cases), and sharing of a vehicle
were not associated with significantly increased risk of
infection in multivariable analyses (22). In contrast, Wu
et al. (17) reported statistically significantly increased odds
of COVID-19 infection with shared vehicles, shared meals,
and a shared living room (ORs ranged from 2.54 to 3.49).
Ng et al. (22) reported that contact with more than one
household COVID-19 case was statistically significantly
associated with increased risk of infection, relative to
contact with only a single case. Wu et al. (17) reported
no statistically significant associations between number
of positive cases within the household and secondary
infections.

Two studies evaluated the effect of overcrowding on
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risk of SARS-CoV-2 infection; these studies generally
demonstrated that crowded conditions increase infection
risk. For example, Ghosh et /. (23) conducted a study of
39,923 COVID-19 cases presenting to emergency rooms
in New York City in March of 2020, and investigated
transmission associated with household over-crowdedness
(as defined by more than one occupant per room) and
multigenerational households. Household over-crowdedness
was associated with a modest, but statistically significant,
increase in risk of COVID-19 relative to uncrowded
households, with slight increases in magnitude of risk with
increased overcrowding. Similar findings were reported
for multi-generation households. Burke et 4l. (7) reported
that presumed transmission (based on symptoms where test
results not available) was more common in households with
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>5 members relative to those with fewer than 5 members
(78% versus 39%, P=0.005). In a study of farmworkers,
there was a positive association between crowded housing
and infection, although these results were not statistically
significant (21).

Several studies evaluated whether the specific infected
family member or roommate (e.g., spouse versus a
child, relative versus a non-relative) affected household
transmission (7,17,21,22). Burke er al. (7) reported a
SAR of 54% in households; interestingly, the SARS-
CoV-2 transmission rate from children to their parents
was statistically significantly higher than from an adult to
their spouse. However, in Ng er al. (22), spouses/partners
of COVID-19 cases were statistically significantly more
likely to be infected with COVID-19 relative to non-family
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member contacts in univariable, but not multivariable
analyses. Further, Wu er al. (17) reported statistically
significantly increased risk of transmission in spouses of
index cases, but no significant increase in other first-degree
relatives, compared to more distant relatives. Chaw ez /. (8)
indicated that close contact with infected spouses had the
highest risk of infection with COVID-19, but the risk
was also statistically significantly increased for contact
with children. The risk of infection from close contact
with siblings, parents, housekeepers, or relatives, such
as grandparents and grandchildren, was not statistically
significantly increased. Similarly, Jashaninejad et a/. (24)
reported that, among household close contacts of index
cases, spouses and parents/grandparents were most likely to
be infected, relative to the referent group of grandchildren
(children and sister/brothers showed no significantly
increased risk relative to grandchildren). Mora et al. (21)
found that the relative risk of COVID-19 infection was
slightly higher for farmworkers living with roommates that
were not relatives versus family members (RR =1.40, 95%
CI: 1.19-1.64) and for workers who lived with children
<5 years old versus those that did not (RR =1.40, 95% CI:
1.11-1.76).

Finally, a limited number of studies have evaluated the
effect of symptoms and severity of disease on transmission.
It is theorized that disease severity may be a surrogate
for symptomaticity and duration of illness. Further,
increased severity may be associated with increased
aerosol generation or higher viral load in symptomatic
and severe cases, relative to asymptomatic and mild cases,
respectively. In a cross-sectional study, Kahlert ez /. (12)
evaluated household transmission among hospital workers
in several European countries, reporting a higher risk
of COVID-19 in secondary cases if the close contact
was symptomatic with respiratory symptoms relative to
asymptomatic (OR =3.02, 95% CI: 2.12-4.32, P<0.001).
In contrast, Hu et 4/. (19) found no statistically significant
difference in transmissibility between symptomatic (fever
and coughing were most prevalent) and asymptomatic/
presymptomatic individuals, although there were fewer pre-
symptomatic cases identified (n=43). Similarly, Wu ez a/. (17)
found no association between fever and infection risk,
but there was a borderline significant association between
cough and risk of infection. Finally, Xin ez a/. (18) reported
increased risks of transmission when the index case had
severe disease, relative to less severe disease.

Overall, while there was some inconsistency across
individual studies, certain characteristics of household
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interactions appeared to modestly, if not substantially,
increase risk of COVID-19 infection, particularly prolonged
contact in shared living/sleeping spaces, numerous
infections within one household, and crowded living
conditions. Unfortunately, many studies analyzed household
transmission with different metrics and levels of granularity,
making it challenging to compare the relative importance
of specific household interactions in transmission risk.
For example, some studies simply evaluated AR among
“households” without assessing specific conditions of these
household contact scenarios. Others that collected more
detailed information did so in different ways—for example,
only one study evaluated the effect of “sharing a bedroom”
or estimated risks associated with time spent speaking with
an index case (22). The other two studies assessing the
duration of contact time (of any type) spent with index cases
did so using different duration cutoffs (<3 days compared to
>3 days, relative to 3—11 or >11 days compared to 1-2 days).
It also is worth noting that most of the available studies
evaluated transmission prior to the availability of vaccines
for SARS-CoV-2 and were largely conducted in China and
other Asian countries with specific infection control policies
that affect transmission likelihood, thus potentially limiting
generalizability to other countries.

Community and social settings

Multiple studies were identified that provided information
on SARS-CoV-2 infection rates arising from community
and social activities. Seven studies discussed various aspects
of community-related exposure scenarios (14,20,25-29).

In a retrospective cohort study of 67 clusters and
226 confirmed cases of COVID-19 in Sichuan Province,
China, as of March 17, 2020, Mao et 4l. (14) reported that
18% of cases were associated with public places and 12%
with multiple places.

Marshall et al. 27) conducted a survey of 364 COVID-19
patients diagnosed in Colorado in March 2020; only
99 (27%) patients reported contact with a person with
COVID-19. Among 265 (73%) patients without a known
contact with a laboratory-confirmed COVID-19 patient,
only a third (30%; 79 of 265) noted they had contact with
a person with fever or respiratory symptoms. Commonly
reported activities in the two weeks before being diagnosed
included the following: attending gatherings larger than 10
persons (116; 44%), traveling in the US (76; 29%), working
in a health care setting (75; 28%), visiting a health care
setting not as a health care worker (61; 23%), and using

7 Public Health Emerg 2022;6:35 | https://dx.doi.org/10.21037/jphe-22-12



Page 6 of 14

public transportation (57; 22%).

Ravindran ez al. (29) reported on a retrospective cohort
of 41 wedding attendees in March 2020 in India. 56%
(n=23) of the attendees developed COVID-19 in the two
weeks following the wedding, resulting in a cluster of cases.
Moreover, the authors reported one secondary case in a
household contact of a wedding attendee.

Noh er al. (28) performed a retrospective cohort study
of 76 patients with COVID-19 and 148 close contacts
(n=244) and evaluated various non-household exposure
scenarios. A non-household contact of having a face-to-
face conversation, eating together, or using the same toilet
increased the odds of infection by around seven-fold.

Fisher ez al. (25) conducted a case-control study of
314 symptomatic patients who actively sought testing during
July 1-29, 2020, at 11 health care facilities. The authors
evaluated several community exposure scenarios 14 days
prior to onset of illness, such as shopping, gatherings in
the home, office setting, salon, gym, public transportation,
bar/coffee shop, and church/religious gathering. The only
significant increased odds were found for eating indoors or
outdoors at a restaurant (OR =2.37; 95% CI: 1.49-3.78).
According to the authors, wearing a mask most or all of the
time significantly reduced the odds of infection in restaurant
and bar settings (P=0.03 and P=0.01, respectively), but a
corresponding effect estimate was not provided.

Goncalves et al. (26) performed a population-based case-
control study of 271 cases and 1,396 controls from Porto
Alegre, Brazil, and evaluated transmission associated with
different categories of routine activities. Compared with
going out every day for work or regular activity, going out
every day for some activity, going out from time to time,
going out just for essential tasks, and staying home all the
time all reduced the odds of developing COVID-19 by
~50-70%. Social distancing moderately or more also
reduced the odds of developing COVID-19 by ~70%, while
mask use yielded the greatest odds reduction (by 90%).

Sami et al. (20) conducted a cross-sectional study that
evaluated work- and community-related factors for 466 staff
who worked in a FEMA building. None of the community-
related factors resulted in a significant difference between
COVID-19-positive and -negative participants. The
community factors included traveling by bus, train, or
subway, traveling by taxi or rideshare, attending social
gatherings of more than 50 persons, and visiting a
healthcare facility.

Two studies included information from a school setting.
In a prospective cohort study of 181 volunteers (53 children
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and 118 adults) conducted by Meuris ez a/. (30), 45 positive
cases occurred, and there was no statistically significant
difference in the infection rate between adults and children.
A reconstruction of the transmission of infection suggested
that a majority of infection transmission events were
between teachers and between children within the school.
Fontanet et al. (31) reported on a retrospective cohort study
of 661 participants among pupils, parents, siblings, and staff
in Oise, France, between March 29 and April 4, 2020. The
study evaluated the SARS-CoV-2 AR in various groups
according to their status at the high school. The AR was
highest in school staff (59.3%; 16 of 27 infected), teachers
(43.4%; 23 of 53 infected) and students (38.3%; 92 of
240 infected), while parents (11.4%) and siblings (10.2%)
had the lowest ARs.

Three additional studies were identified that evaluated
infection scenarios in airline passengers. Zhang et al. (32)
conducted a retrospective cohort study of 4,492 passengers
and crew bound for Beijing Capital International Airport in
March 2020 that were screened upon arrival for symptoms
or COVID-19 infection. Approximately 130,000 total
passengers arrived at the airport in the month. Of the
4,492-person screening cohort, 161 confirmed cases of
COVID-19 were documented. The masked per person
infection risk was reported as 0.56% (0.41-0.72%) for a
13-hour flight in economy class and 2.2% (no CI reported)
for a 13-hour flight in first class. Blomquist ez /. (33)
conducted a retrospective cohort study of 2,313 aircraft
passengers on 45 international flights from England during
the first quarter of 2020. The authors evaluated sitting
within two seats of an index case, household, or other travel
contact with an index case. The AR for contact-traced cases
within two-seats of flight-only contacts was 3.8% compared
to 50% for multiple-exposure contacts sitting within two
seats. Hu et al. (34) evaluated 175 COVID-19 cases among
5,797 passengers on 177 airplanes traveling from Wuhan
before the lockdown on January 23, 2020. The AR ranged
from 0.33% to 0.60% for traveling from Wuhan. Increasing
travel time and sitting in seats adjacent to the index cases
increased the AR (e.g., AR of 1.30% for adjacent seats vs.
0.04% for 3 rows away).

One additional study was identified on infection rates
in cruise ships. Plucinski et 4. (35) conducted a survey of
229 American passengers on the Diamond Princess
cruise ship. One hundred fourteen (n=114) of the total of
437 American passengers (26%) tested positive for COVID-19.
Of the 229 participating in the survey, the AR was highest
among those with a symptomatic infected cabinmate (81%),
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63% for those with an asymptomatic infected cabinmate, and
18% for those without an infected cabinmate.

Opverall, while the number of studies was limited and the
analyses used varying metrics for exposure, six of the seven
studies found that community-related exposure scenarios
led to higher SARS-CoV-2 infection rates than other
scenarios (14,25-29). Both of the studies in school settings
suggested the majority of the transmissions occurred within
the school (30,31). The single study on the occurrence in
a cruise ship resulted in the highest infection rate in those
with a symptomatic cabinmate (35), a scenario that is similar
to and consistent with a household exposure scenario.
Finally, the three studies on transmission during flights
indicated very low infection rates (10,32-34).

Occupational settings

The majority of studies in the literature that have evaluated
work-related transmission of SARS-CoV-2 have focused
on occupational exposure among healthcare workers,
where contact with SARS-CoV-2 and other infectious
agents can be expected due to the occupational interaction
with infected individuals. However, as previously noted,
healthcare settings and other occupations at the “front
lines” where encounters with individuals infectious with
any microbial agent (possibly unrecognized or unknown)
and where protective equipment and specific precautions
should be in place, were outside of the scope of this review.
Of the studies reviewed, a small number directly provided
information regarding the probability or risk of transmission
of COVID-19 within a non-healthcare workplace, and very
few attempted to quantify these risks.

During the early phases of the pandemic, certain industries
experienced outbreaks more frequently than others,
particularly those that either chose to remain open or were
deemed essential. For example, in a study that analyzed 199
workplace outbreaks by industry sector in Ontario, Canada,
from January to June 2020, it was reported that 68% of the
outbreaks (and 80% of cases) occurred in just three industry
sectors: (I) manufacturing, (II) agriculture, forestry, fishing,
and hunting, and (III) transportation and warehousing (36).
Numerous studies have also been conducted of large
outbreaks that were observed in the worker populations of
meat and food processing plants around the world.

Herstein et al. (37) performed a cohort study of
approximately 26,000 workers at 13 meat processing plants
in Nebraska between April 1 and July 31, 2020 and reported
that 5,002 workers were diagnosed with COVID-19,
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corresponding to an AR of 19%. Despite this, the authors
noted that they were unable to determine if transmission
occurred in the workplace or elsewhere in the community.
Mallet et al. (38) performed a retrospective study of a
COVID-19 outbreak among 1,347 workers in a French
pork processing plant, in which 140 occupational cases
were identified in the deboning and cutting department,
corresponding to an AR of 16.6% and a statistically
significantly elevated risk of 3.68 (95% CI: 2.41-5.64;
P<0.001) compared to workers in other departments.
However, it should be noted that the authors of the
study reported that over half of the cases (n=62) reported
carpooling or sharing their accommodation with one or
more other workers, without specifying whether they
were family members, potentially implicating household
or community transmission. Furthermore, Mora er al. (21)
conducted a cross-sectional study of risk factors for
1,107 farmworkers in Monterey County, California, in
which a 4-fold increase in positive COVID-19 tests among
farmworkers in community clinics between June and
November 2020 than in the county population at large
(22% vs. 6%). The authors reported that the incidence
of COVID-19 among workers was elevated among those
who had a documented exposure to a known or suspected
case of COVID-19 in the workplace (RR =1.59; 95% CI:
1.18-2.14); however, it is unclear if this scenario is
representative of the overall risk of the workforce
evaluated. Notably, it was also reported that incidence was
elevated based on several non-work-related factors, such
as education, ethnicity, exposure to COVID-19 in the
household, and other health conditions. Indeed, it has been
theorized that several non-work-related socioeconomic
factors may have influenced these outbreaks, including the
presence of a relatively young workforce who are more
likely to be asymptomatic, the workforce’s reliance on
crowded housing and transportation, and job insecurity that
discourages workers from reporting symptoms (39).

In addition, the likelihood of transmission appears to
be elevated in occupations requiring interaction with the
general public, such as taxi drivers, grocery store workers,
and school staff, for example, compared to settings that do
not require these interactions. Lan et /. (40) performed
an observational study of 103 work-related cases from six
Asian countries or regions, including Hong Kong, Japan,
Singapore, Taiwan, Thailand, and Vietnam, to identify the
occupations at higher risk of COVID-19 transmission.
Based on their analysis, they identified high-risk occupations
as car, taxi and van drivers, shop salespersons, domestic
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housekeepers, religious professionals, construction laborers,
and tour guides. Notably, the authors reported that, in the
early transmission period, defined as the first 10 days from
when the first locally transmitted case was reported, 48% of
cases were due to work-related exposure, while in the late
transmission period, defined as the 11" to 40™ day of the
study period, only 11% were work-related, a statistically
significant decrease (P<0.0001). In addition, Lan ez a/. (41)
performed a cross-sectional study that investigated infection
and exposure risks among 104 grocery retail workers
who tested positive for COVID-19 in May of 2020 in
Massachusetts. The authors reported that employees
with direct customer exposure (such as cashiers, front
end associates, sales associates, fresh food associates, cart
attendants, janitorial crew, supervisors, and managers) had
a statistically significantly increased odds (OR =5.1; 95%
CI: 1.1-24.8) of testing positive compared to workers with
no direct customer exposure, such as stockers, backroom
workers, receiving workers, and maintenance workers.

Ng er al. (22) performed a retrospective cohort study
of 7,770 close contacts of COVID-19 cases in Singapore
between January 23 and April 3, 2020, including 2,231
work contacts. Work contacts were defined as individuals
who came into close contact (within 2 meters for at least
30 minutes) with the index case at work from 2 days before
the onset of symptoms to isolation of the case. Among work
contacts, the SAR was 1.3% (95% CI: 0.9-1.9%), which
was lower than the SARs among household contacts (5.5%),
indicating a higher risk of transmission in the household
compared to the workplace. Based on an evaluation of 466
FEMA office workers between March and October of 2020,
Sami er al. (20) reported that 15 (3.2%) workers tested
positive for COVID-19 antibodies. The study participants
reportedly spent an average of 20.5 days in the office
buildings. While the authors found no significant difference
in use of mitigation activities, such as the use of masks and/
or hand sanitizer and social distancing, they observed that
a significantly increased percentage of negative cases lived
with someone who had a positive test for SARS-CoV-2.
These results indicate that these workers were more likely to
contract COVID-19 in their own household versus at work.

Fontanet er a/. (31) performed a retrospective cohort
study of 661 individuals in a French high school setting
from March 30 to April 4, 2020. Among school staff,
16 of 27 tested positive for COVID-19, corresponding to
an infection AR of 59.3%. Similarly, among teachers, 23 of
53 tested positive, corresponding to an infection AR of
43.4%. Both of these ARs were higher than the ARs among
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pupils (38.3%), parents (11.4%), and siblings (10.2%). In
addition, Meuris et /. conducted a prospective cohort study
of 181 volunteers (53 children and 118 adults), in which
45 cases of COVID-19 were identified. The authors reported
that, based on a reconstruction of the transmission of
infection, a majority of infection transmission events were
between teachers and between children within the school.

Chaw et al. (8) conducted a cluster investigation of
848 workplace/school close contacts of confirmed
COVID-19 cases in Brunei. The authors reported that,
among 848 close contacts in the workplace or school, only
6 individuals tested positive for COVID-19, corresponding
to an AR of 0.7% (95% CI: 0.3-1.6%) and a non-significant
risk ratio of 0.79 (95% CI: 0.23-3.10) relative to close
contacts encountered in a social setting. Zhang ez al.
[2020] (42) analyzed contact-tracing data collected in
Guangzhou, China, between January 28 and March 15,
2020 for presymptomatic COVID-19 cases. The authors
reported a SAR of 0.0 for workplace transmission based on
zero cases identified out of 119 close contacts. The authors
theorized that the low transmission level they reported
could be the result of active surveillance, centralized
quarantine, and forceful social-distancing strategies in
Guangzhou, China, during the time period of the study.

Park et al. (15) evaluated an outbreak in which 97
COVID-19 cases were documented in March of 2020 out
of 1,143 employees of a call center in South Korea. Of the
97 cases, 94 worked on the same floor of the building out of
a total of 216 employees, corresponding to an AR of 43.5%
(95% CI: 36.9-50.4%). It should be noted that this outbreak
occurred early in the pandemic, and the workers on the 11"
floor were in close quarters, which facilitated a high degree
of transmission. The authors reported that contact tracing,
testing, and quarantine limited further transmission.

Finally, in the study of European hospital workers
conducted by Kahlert ez al. (12), it was reported that weekly
(OR =2.98; 95% CI: 1.47-6.68; P=0.001) and daily (OR
=2.54; 95% CI: 1.29-5.57; P=0.004) frequency of meals in
a staff lunchroom increased the odds of infection compared
to never frequency, while occasional frequency did not
increase the risk of infection compared to never frequency,
which potentially implicates the behavior of employees
during breaks or time off of work as an influential factor
affecting SARS-CoV-2 transmission.

In summary, early in the pandemic (i.e., January through
March of 2020), when little information regarding SARS-
CoV-2 was available, transmission rates were elevated
in industries that remained open with minimal exposure
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controls present or in settings involving employees who
worked in close quarters, such as meat-processing facilities
or call centers. However, information on community
reproduction rates were not reported preventing the ability
to draw firm conclusions. In other workplace settings where
exposure controls may or may not have been implemented,
SARS-CoV-2 ARs were no different from other settings
with similar degrees of interpersonal contact.

Discussion

The nature of the COVID-19 pandemic has necessitated
the rapid conduct and dissemination of studies informing
potential transmission and control of this highly infectious
virus (43). One consequence of “real-time” reporting of
data is that many available studies are subject to numerous
weaknesses, including variable study designs, reliance on
surveys that are prone to information biases (e.g., recall
bias, reporting bias), selection biases (e.g., nonresponse,
awareness bias), minimal follow-up time, and the inability
to identify and address potential confounding factors. These
limitations extend to this review and introduce uncertainties
in drawing conclusions regarding the most critical settings
and characteristics associated with COVID-19 transmission.

Furthermore, many factors influence the likelihood
and duration of exposure to SARS-CoV-2, including
the mode of transmission, which further complicates
the ability to draw conclusions regarding the origin of
infection. For example, while direct droplet transmission
is largely dependent on short range proximity (<6 feet)
to an infectious individual, airborne transmission can
occur over longer distances, depending on the size of the
respiratory droplet, the number and proximity of infectious
individuals, and environmental factors, such as room
size, air changes per hour, air distribution patterns, room
pressurization, temperature, humidity, percent outdoor
air, and air filtration/treatment (e.g., ultraviolet germicidal
irradiation) (44). Fomite transmission, which occurs when
individuals are exposed to the virus from touching surfaces
contaminated by settled respiratory secretions or droplets
from infected individuals, followed by touching the mouth,
nose, or eyes, is governed by human behaviors (e.g. hand
hygiene and face touching) and the likelihood for contact
with contaminated surfaces (a function of the frequency
with which surfaces are touched, cleaning and disinfection
efficacy, residence time of SARS-CoV-2 on surfaces, and
glove-wearing practices). As such, numerous combinations
of exposure factors can occur within each setting, and the
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infection risk posed to an individual in any given exposure
scenario will depend on the number of risk factors present.
Therefore, estimating the relative magnitude of effect of
any one of these factors for an individual is challenging.

Despite these challenges, the available studies provide
valuable information on settings and specific factors within
these settings that are most likely to increase individuals’
risk of contracting SARS-CoV-2. We were able to identify
some fairly consistent patterns across the studies reviewed,
which are strengthened by both existing and evolving
understanding of environmental, structural (i.e., building
characteristics), and virological factors that affect the
survival and transmissibility of SARS-CoV-2. Specifically,
this body of literature suggests that the household setting
is associated with the highest secondary transmission ARs.
Several studies (7,9,22,25) compare the relative AR among
household, workplace, and “non-household” settings
(gatherings, grocery stores, gyms, salons, transportation,
etc.) (7,9,22,25). Given the sustained and frequent contact
with those within the household, the possibility for low air
exchange rates, and considering that most families do not
wear masks around one another, this result is not surprising.
The body of literature on social/community settings was
more limited (particularly for schools), but most studies
reported that attending large gatherings, traveling, visiting
a health care setting, and using public transportation
led to higher transmission risk, relative to avoidance of
such activities. While each setting led to some level of
secondary transmission, household transmission typically
predominated and almost always predominated when
accompanied by high community transmission.

Our conclusions are similar to those reported in
Thompson et al. (16), a systematic review and meta-
analysis of setting-specific transmission rates. The authors
employed several sophisticated models to account for
both within-study correlations from local homogeneity in
interventions and home, travel, and work practices, as well
as between-study heterogeneity stemming from differences
across studies and populations. Thompson er /. (16)
reported pooled SARs of 21.1% for households (95% CI:
17.4-24.8%), 1.9% for workplaces (95% CI: 0.0-3.9%),
3.6% (95% CI: 1.0-6.9%) for healthcare facilities, 1.2%
(95% CI: 0.3-2.1%) for social settings with casual contacts/
strangers, and 5.9% (95% CI: 3.8-8.1%) for social settings
with family and friends. While the highest pooled SARs
occurred in household settings, the highest RO was for
healthcare settings, likely due to high number of contacts
per individual. Further, Thompson ez /. (16) conducted
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sensitivity analyses, indicating that isolation of index cases

within 5 days of symptom onset reduced both SAR and RO.

Teasing out the independent effect of workplace
transmission risk within a complex blend of environmental
and human factors is challenging. Evidence has
demonstrated that those who work within sectors that have
remained active during the pandemic have increased risk
of infection, hospitalization, and/or premature death from
COVID-19. This risk may be exacerbated in occupations
that require individuals to commute to a workplace
compared with occupations that support remote work
options. Based on the evidence reviewed in this paper, there
is a clear interaction between household, community, and
occupational risk of transmission of SARS-CoV-2, which in
turn may encompass and/or correlate with a multitude of
other factors, including personal behaviors (hand hygiene,
use of masks) and environmental/socioeconomic factors,
such as crowded housing, job insecurity, and poverty (45).
When evaluating safety protocols or the cause(s) of
previous clusters of cases of COVID-19 in the workplace,
it is challenging to determine the relative contribution of
transmission in the workplace relative to community (and
transportation) or household exposures.

Our research supports the approach taken by
Occupational Safety and Health Administration (OSHA),
which classifies risk of worker exposure based principally on
the likelihood of close contact with others within or outside
of the workplace who may be infected with SARS-CoV-2
into the following stratified exposure groups (45):

% Lower exposure risk: jobs that do not require
close contact with others and who have minimal
occupational contact with the community members,
such as remote workers and office workers who do
not frequently work with others.

% Medium exposure risk: jobs that require frequent
and/or sustained close contact with others outdoors
or well-ventilated areas, such as those working
closely with coworkers, and those who have frequent
contact with the community, such as retail workers,
transit workers, law enforcement and emergency
response workers, and restaurant/bar workers.

%  High exposure risk: jobs with a high exposure
potential to known or suspected sources of
COVID-19, such as healthcare staff who enter
patient rooms, medical transport works, mortuary
workers, those who have frequent and/or sustained
close contact with others indoors or in poorly-
ventilated areas, such as those working closely with
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coworkers, and those who have frequent contact
with the community, such as retail workers, transit
workers, law enforcement and emergency response
workers, and restaurant/bar workers.

®,
o’

Very high exposure risk: jobs with very high
exposure potential to known or suspected cases
of COVID-19 during medical, postmortem, or
laboratory procedures, such as healthcare workers,
laboratory personnel, or morgue workers.

Furthermore, while behaviors in the household and
community are largely unregulated, the workplace is
regulated under the Occupational Safety and Health
Administration (OSHA), which mandates that “employers are
responsible for providing a safe and bealthy workplace free from
recognized hazards likely to cause death or serious physical harm”
(46,47). Within the field of industrial hygiene, a hierarchy of
controls is used to determine how to minimize or eliminate
employee exposures to hazards in the workplace. In order
of decreasing effectiveness, hazard control strategies
include elimination (i.e., physically removing the hazard),
substitution (i.e., replacing the hazard), engineering controls
(i.e., isolating people from the hazard), administrative
controls (i.e., changing the way people work), and PPE (i.e.,
protecting the worker with PPE) (48). While elimination
of a hazard is the most desirable method for controlling
exposures, it is difficult to achieve for a viral hazard, which
requires an employer to implement a combination of the
lower-tier control strategies to limit exposure. While this
framework was developed to mitigate occupational hazards
and risk, it can also be used in the workplace to mitigate
exposure to community-based infectious hazards, such as
infectious agents.

Indeed, OSHA and others have provided control
recommendations that employers should consider to
mitigate the spread of SARS-CoV-2 in the workplace
(46,49). These include, but are not limited to, keeping
susceptible or symptomatic individuals at home (elimination;
administrative control), maintaining ventilation systems
(engineering control), physical distancing (administrative
control), making face-coverings or respirators (if applicable)
available (administrative control and PPE), education and
training regarding COVID-19 policies and procedures
(administrative control), and facilitating vaccination
(administrative control). The effects of implementation
of one or multiple of these controls were shown to reduce
transmission in a workplace. For example, Herstein ez 4. (37)
evaluated the effectiveness of different controls for reducing
incidence of COVID-19 in a Nebraska meat-processing
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facility and reported that there was a significantly reduced
incidence of COVID-19 cases in 62% of studied facilities
following adoption of universal masking and physical
barrier interventions.

Recently, Baptista er /. (50) developed a semi-
quantitative framework for assessing risk of COVID-19
morbidity and mortality and recommended mitigation
strategies. Baptista er a/l. (50) developed three matrices of
recommended control strategies, which are derived by
first considering community transmission using the WHO
metrics (magnitude of new cases, percentage of positive
tests, and daily new cases per 100,000 people), the strata of
OSHA occupational risk summarized above, and presence
of individual risk factors for severe disease (numerous pre-
existing conditions). Recommended workplace practices
are based on the estimated risk of transmission. These
strategies range from “standard” (hand hygiene, respiratory
protection, 6 feet or more of distance, including in
cafeterias) to full exclusion (work from home, sick leave/
other leave).

Ultimately, it is difficult to determine the exact level of
transmission for each workplace and how to parse out the
influence of social/community and household exposures
on spread within the workplace. However, the information
presented in this paper, coupled with frameworks provided
by other agencies and authors, should allow employers
to evaluate, at a high-level, the overall likelihood of
transmission of SARS-CoV-2 (or other similarly highly
infectious viruses) within their workplace, and evaluate and
implement risk management strategies to control infections,
to the greatest extent possible.
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