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Emerging Evidence on COVID-19
Rapid Review on the Risk of COVID-19 Outbreaks in the
Workplace
Introduction
What is the evidence on COVID-19 clusters associated with the workplace, characteristics of workplace
settings and factors that may increase the risk of SARS-CoV-2 transmission, and evidence of successful
infection prevention and control measures in the workplace?
Sub-Questions:
Is there evidence that employer provided accommodations result in clusters of COVID-19 cases?
Is there evidence that transportation or commuting to the workplace results in clusters of COVID-19 cases?
Is there evidence of work-related travel resulting in clusters of COVID-19 cases?
Is there evidence that social gatherings of co-workers have resulted in COVID-19 clusters?
Mitigation of the current pandemic has involved social-distancing policies that have had an important impact
on workplaces (Corrin, 2020). This includes closing workplaces, encouraging telework, changing business flow
to minimize individual employee contacts with others and developing enhanced infection prevention and
control procedures to reduce the risk of SARS-CoV-2 transmission. The definition of workplace in this review
is meant to be all encompassing, thus workplace ranges from, but may not be limited to office, production,
retail, service, and public services. Transmissions within healthcare workplaces were not included in this
review. In addition to transmission occurring directly at a workplace, evidence was sought for work-related
transmission situations including employer provided accommodation or transportation, commuting, workrelated travel, and social gatherings of co-workers. This evidence brief identifies and summarizes literature
until August 21, 2020.

Key Points


Outbreaks have been associated with many types of workplaces and occupations (Table 1).
o

In addition to the known risk to healthcare professionals, the occupations most at risk of
SARS-CoV-2 infection include drivers and transport workers, service and sales workers, food
industry, personal care occupations, food production workers, preschool occupations,
community and social services occupations (e.g. social workers, counselors), construction and
related trades occupations, and public safety workers (e.g. correction officers, police,
firefighters).
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The majority of these require workers to have frequent contact with clients, work on
customers’ premises, or in public spaces. Many of these occupations do not allow employees
to work from home.



Workplace clusters have occurred across a wide range of workplaces and circumstances that resulted in
transmission (Table 2).
o

Most of the workplace clusters were traced to an asymptomatic or very mild symptomatic
index case.

o

Thirty-seven publications describe one or more transmission events considered to have
occurred in a workplace involving workers broadly captured under the categories: office
environment, meat processing facilities, other factories, migrant work, fitness centers, ships,
other service related occupation, and transportation (Table 2).

o

Eight COVID-19 clusters in workplaces with employer-provided accommodations were
identified (Table 3). Shared accommodation results in close contact of workers for long
durations of time.

o

There is limited evidence on COVID-19 clusters resulting from transportation or commuting to
the workplace (Table 4). Shared transportation to and from the workplace was determined as a
risk factor for exposure to SARS-CoV-2 in outbreaks at meat processing facilities.

o

COVID-19 clusters resulting from work-related travel were identified in five publications (Table
5). Risk factors identified related to the proximity and length of time secondary cases spent
with the primary cases (e.g. sitting at the same table during a meal or meeting).

o

Three COVID-19 clusters resulting from social gatherings of co-workers outside of the
workplace were identified (Table 6). In all three scenarios, the infections acquired during the
social gathering of co-workers resulted in additional infections in the workplace.



Risk factors for SARS-CoV-2 infection identified in the workplace include difficulties adhering to physical
distancing, lack of hand hygiene, poor ventilation/air circulation design, and crowded working,
transportation and/or accommodation conditions (Tables 1-6).
o

The main facilitators for SARS-CoV-2 transmission in an office setting include close contact,
duration of interaction, shared common areas, and work-related travel.

o

Socio-demographic factors and occupation were examined to explore determinants of SARSCoV-2 exposure (Table 1). Being female, a visible minority, and being in a low-income bracket
were associated with employment in occupations associated with signiﬁcantly higher risk of
exposure to COVID-19 which typically do not allow working from home and involves working
in close proximity to other people. Conversely, increasing age and higher education was
associated with lower risk of exposure occupations.
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The risk factors for infection in meat processing facilities were identified as difficulties with
physical distancing, prolonged close contact with coworkers for long periods of time, hand
hygiene, shared accommodation, shared transportation to and from work, and frequent
community contact with fellow workers. These risk factors were also identified for outbreaks
on ships.

o

In addition to SARS-CoV-2 activity in the community, the activities a worker engages in
outside of the workplace will determine the individual risk that a person brings to the
organization.

o

Several studies report increased risk of exposure to SARS-CoV-2 proportional to the number
of contacts related to the workers job. For example grocery store employees with direct
customer exposure were five times more likely to test positive for SARS-CoV-2 (OR 4.7; 95%
CI: 1.2-32.0). A similar finding was reported for firefighters and paramedics in a second study.

o

Shared accommodation or facilities (e.g. bathroom) and a lack of preventative measures (e.g.
face mask) have been suggested to contribute to several outbreaks in shopping malls, retail
stores, bars, nightclubs, restaurants, concerts, and overnight camps.

o


Outbreaks are more likely to occur in an indoor environment OR 18.7 (95%CI 6.0-57.9).

Two risk assessments explored the attributes of workplaces and potential for SARS-CoV-2 transmission.
o

In a risk assessment a 1% increase in the density of super spreading businesses (SSB - based
on the frequency, duration, and square footage of businesses pre-pandemic) equated to a 5%
increase in cases. The most common SSBs were full service restaurants, limited service
restaurants, and hotels/motels.

o

The potential health risks of SARS-CoV-2 in sewage to wastewater treatment plant workers
(WWTPs) was investigated using a quantitative microbial risk assessment (QMRA). Duties close
to sewage tanks were considered high risk of exposure and protection such as face mask, eye
protection, and/or face shields were recommended.



Strategies to reduce the risk of SARS-CoV-2 transmission in the workplace were identified in 21
publications (Table 7).
o

Successful prevention strategies included limiting social contact (restricting activities in the
workplace, cohorting or staggering employees, and telework), policies on exclusion of sick
workers from the work environment, providing workplace guidelines, and provision of
personal protective equipment.

o

Monitoring strategies explored the mode (worker or environmental sampling) and frequency
of sampling for effective identification of transmission or circulating SARS-CoV-2 in the
workplace and how the level of SARS-CoV-2 in the community impact sampling strategies.
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Lifting public health measures were explored to minimize a resurgence, while allowing the
economy to slowly re-open.

o

Management of migrant workers, particularly their movement from place to place was
discussed in three publications from China and India. Strategies included screening and
quarantine protocols to limit the importation of SARS-CoV-2 into an unaffected area.

Overview of the Evidence
Seventy-seven publications pertaining to the risk of COVID-19 outbreaks in the workplace and risk reduction
in the workplace were identified and included in this review. Of these, 33 are preprints and have not
completed the peer-review process. Observational study designs can be affected by several categories of
biases including reporting, information, and selection bias which can bias the data and conclusions of a study
(Murad, Asi, Alsawas, & Alahdab, 2016). A formal risk of bias assessment is outside of the scope of this rapid
review. Bias ratings are based on the study design where observational studies are considered to have
moderate to high risk of bias depending on the design. For observational study designs, this places large
prospective cohorts at the top as the design has the potential to have a low risk of bias and high confidence
in the results and case reports are considered very weak confidence in the results.
The largest proportion of research underpinning this review consists mainly of small epidemiological outbreak
and cluster investigations, which generally have a high risk of bias due to their retrospective nature. Although
there is a lot of variability in the completeness of the investigations and reporting, there is good consistency
across these investigations which improves our confidence in the evidence.
Several ecological studies were captured; these studies are susceptible to a range of biases and ecological
fallacy due to their inability to characterize within-group variability in exposures and confounders. Crosssectional studies were used to provide a snap shot of individual risk factors and exposure to SARS-CoV-2, but
cannot make inferences about causality. Prospective cohort design was used in two studies evaluating
mitigation strategies in the workplace. The prospective cohort has a lower risk of bias than other
observational study designs, although the two captured in this review had small sample sizes.
Predictive models and risk assessments do not predict a future reality, but rather present a range of plausible
outcomes within the scenarios being studied. Their results are useful to compare different options as part of a
decision-making process, however the results should be interpreted with caution as the models will vary on
their assumptions and input values based on the epidemic period and region specific parameters used.
Due to the nature of the evidence in this review (observational studies and predictive models) and their
associated biases, this rapid review provides weak evidence on the workplace conditions that lead to higher
risk of SARS-CoV-2 transmission and risk reduction strategies. Based on the study designs of included studies
there is low confidence that additional research will not change the conclusions of this review. The COVID-19
literature is evolving rapidly and this review should be periodically updated with new research.
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OCCUPATIONAL RISKS
Occupational risks associated with COVID-19 infection were identified in 20 publications (Table 1). These included two reviews and three risk
assessments. The publications in this section focused on both occupations and attributes of those occupations that lead to higher or lower risk of
transmission in the workplace.


Across publications occupations identified as most at risk of SARS-CoV-2 exposure aside from healthcare professionals are listed below
(Table 1). Healthcare workers (HCWs) are considered outside the scope of this review, however in papers looking at occupational risk
factors, HCWs are frequently included in the analysis and results.
o

Transportation: drivers and transport workers, couriers, bus drivers

o

Retail/Service: service and sales workers, hotel/resort staff

o

Food Industry: restaurant, food processing, abattoirs and meat processing plants

o

Office Administration and Sales: occupations with a high client contact rate.

o

Personal care: working in nursing homes, daycares, preschool, religious professionals, personal care workers, associated health
professionals (e.g. dentist), salon staff



o

Community and social services: social workers and counselors, community health workers, daycare providers

o

Construction, extraction and related trades: plumbers, septic tank installers, elevator repair, grounds and facility maintenance

o

Public Safety workers: fire, police, correctional officers

o

Wastewater workers

Occupations at lower risk of SARS-CoV-2 exposure included occupations that could telework and/or socially distance from others (Table 1).
Examples of the latter were farmers, machine operators, business that have minimal interaction with the public or clients (Sierpiński et al.,
2020).



Essential workers (includes many of the categories listed as high risk above) are at an increased risk of COVID-19 infection compared to the
general population (Table 1). This risk is increased with increasing interaction with co-workers, clients or the public.



Socio-demographic factors and their association with high risk of SARS-CoV-2 exposure were examined in several studies (Table 1). Being
female, a visible minority, and being in a low-income bracket are more likely to be employed in occupations associated with signiﬁcantly
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higher risk of exposure to COVID-19 as their occupation does not allow them to work at home and involves working closely with people.
Conversely, increasing age and higher education was associated with lower risk of exposure occupations.


Staff in pre-school, primary school, and high school do not have a higher relative prevalence of COVID-19 compared to other professions
(Swedish Public Health Agency, 2020).



One study indicated commuting to work on public transport was positively associated with risk of SARS-CoV-2 infection. A result that was
considerably stronger in the U.S. then the UK sample, which the authors hypothesize may be related to the uniformity and stringency of the
UK lockdown (Anand et al., 2020).



Two risk assessments explored the attributes of workplaces and mobility for their potential for SARS-CoV-2 transmission.
o

A risk assessment scored businesses for their potential to be super-spreading business (SSBs) based on the frequency, duration, and
square footage of businesses pre-pandemic across 8 U.S. states. A positive association between SSBs (the top 5% of scores were
considered SSBs) and the cumulative weekly cases of COVID-19 was reported where a 1% increase in the number of SSBs in an area
equated to a 5% increase in cases. The most common SSBs were full service restaurants, limited service restaurants, and
hotels/motels (Donoghue et al., 2020).

o

The potential health risks of SARS-CoV-2 in sewage to wastewater treatment plant workers (WWTPs) was investigated using a
quantitative microbial risk assessment (QMRA). The estimated viral loads in sewage at the entrance of WWTPs was higher than the
safe cut-off values suggested by the World Health Organization (WHO) (Zaneti et al., 2020).

Table 1. Twenty Publications on Occupational Risks for COVID-19 Infection.
Reference Publication Title
Study Details
Observational Studies
(Lan, Wei,
Work-related COVID-  This retrospective observational study
& Hsu,
19 transmission in six
which identified possible work-related
2020)
Asian countries/areas:
cases from government investigation
a follow-up study
reports in Hong Kong, Japan,
Singapore, Taiwan, Thailand and
Vietnam that were reported between
January 23 – March 14, 2020.
 The authors have declared that no
competing interests exist.
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After excluding all imported cases, 103 possible workrelated transmissions were identified from 690 local
transmission events investigated.
Apart from HCW, the occupational groups most
commonly implicated were: drivers and transport
workers (18%), services and sales workers (18%),
cleaning and domestic workers 22 (9%) and public safety
workers (7%) and religious professionals (6%).
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(Sierpiński
et al.,
2020)

Occupational risks for
SARS-CoV-2 infection:
the Polish experience





(Torres
Martínez,
Diaque
García,
Rubio
Salas, & et
al., 2020)

IgG seroprevalence
against SARS-CoV-2
in a cohort of 449
non-hospitalized,
high-risk exposure
individuals



preprint




This cross-sectional study analyzed the
sources and occupational risk factors
for SARS-CoV-2 infections on 2122
patients infected with SARS-CoV-2
who remained in home isolation in
Poland.
The survey was conducted on April 17–
18, 2020 using a structured interview.
No conflict of interest statement
available.
This cross-sectional study estimated
the seroprevalence on 449 individuals
in Madrid, Spain with one of the
inclusion criteria: having symptoms of
COVID-19, being in contact with a
COVID-19 case, or belonging to
essential occupations including
healthcare workers, firefighters or
public safety personnel such as police.
Study conducted April 15 – June 15,
2020.
Authors declare that 3 of their authors
are founders, board members and
shareholders of EMPIREO Diagnóstico
Molecular.

EMERGING SCIENCES - SUMMARIES












A shift in occupations implicated in clusters during the
initial phase of the outbreaks (predominantly services
and sales workers, and construction laborers) to later in
the outbreak (predominantly HCWs, cleaning and
domestic workers and police officers).
Among the 2,122 participants with SARS-CoV-2
infection, 75% became infected at work and 70% were
currently employed (occupationally active).
Of the occupationally active cases, 48% worked in
healthcare, 3% worked in public administration or
defense, 3% worked in transportation, and 2% worked in
education.
65% of the occupationally active cases worked in
companies with >100 employees.
The overall seroprevalence was 33.69% (95% CI: 29.2738.21).
Of the 449 individuals tested, 9.58% were healthcare
workers, 4.01% were firefighters, and 6.46% worked
preserving public safety. The remainder did not belong
to these professions.
With respect to these high risk of exposure occupations,
there was no significant difference in seroprevalence.
Nor was there a difference in IgG seroprevalence
between groups of suspected, exposed or high risk
occupation groups suggesting a high level of exposure
in high risk of exposure occupations.
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Occupational risks for
COVID-19




(Anand et
al., 2020)

preprint

Work-related and
personal predictors of
COVID-19
transmission







This retrospective observational study
describes 17 cases that were likely due
to occupational exposure in Singapore
during the period of February 4-11,
2020 prior to any public health
measures.
No conflict of interest statement
available.
This cross-sectional study analyzes
work and personal predictors of
COVID-19 transmission experience in
the U.S. and UK.
An online survey of 2,000 participants
was conducted the first week of June,
2020.
No conflict of interest statement
available.
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(Swedish
Public
Health
Agency,
2020)

preprint

Prevalence of COVID19 in different
occupational groups




Article in Swedish.
This cross-sectional study analyzes
prevalence of COVID-19 between
different occupational groups using
data on occupational classification
from Statistics Sweden and cases
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Occupational exposures included retail personnel
primarily selling to tourists and company staff attending
an international business meeting in Singapore.
Transportation drivers, construction workers, and people
that work in tourism were implicated (e.g. casino worker,
resort employee).

The findings for the U.S. were different from the UK, the
authors theorize this has to do with the stringency of the
public health measures. The results indicate occupation,
personal traits, circumstance and behaviours all impact
risk of COVID-19 exposure and ability to physically
distance.
The UK analysis indicated higher risk of having had a
COVID-19 diagnosis for those who had no income,
lower-middle income status, shared a kitchen and
occupations where interactions with customers and staff
were on-going.
The U.S. analysis indicated higher risk of having had
COVID-19 was related to low income (OR=5.8-6.3),
shared kitchen (3.6), having a university degree (2.7),
working in a transport related occupation (8.5),
belonging to a trade union (4.8), having had a
consultation on COVID-19 transmission at work (2.5) and
having to take public transportation to work (3.2).
Compared to other occupational groups, taxi drivers
were ~5 times more likely to become infected with
SARS-CoV-2 (RR: 4.8, 95% CI: 3.9-6).
Other high risk occupational groups include:
 Pizza bakers – RR 4.5, 95% CI: 3.2-6.3
 Bus and tram drivers – RR 4.3, 95% CI: 3.6-5.1
 Translators and linguists – RR 2.9, 95% CI: 1.8 - 4.7
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diagnosed during the period of March
13 – May 27, 2020.
Healthcare professionals were
excluded from the analysis.
No conflict of interest statement
available.

Restaurant and kitchen managers – RR 2.5, 95% CI:
1.7-3.8
 Other services workers (e.g. workers who refill
vending machines, read electrical and gas metres
etc.) – RR 2.3, 95% CI: 2.1-3
 Firefighters – RR 2.2, 95% CI: 1.4-3.5
 Cleaning professionals (e.g. car cleaner, window
cleaner) – RR 1.7, 95% CI: 1.1-2.7
 Property manager - RR 1.6, 95% CI: 1.3-2
 Restaurant and kitchen assistants – RR 1.4, 95% CI:
1.2-1.7
Staff in pre-school, primary school, and high school do
not have a higher relative prevalence of COVID-19
compared to other professions.
 High school teacher – RR 0.7, 95% CI: 0.5-1
 Primary school teacher – RR 1.1, 95% CI: 0.9-1.3
 Leisure educators – RR 0.8, 95% CI: 0.5-1.3
 Pre-school teacher – RR 0.7, 95% CI: 0.6-0.9
 Other educators with specialist competence – RR
1.0, 95% CI: 0.7-1.5
 Nanny – RR 1.0, 95% CI: 0.8-1.2
 Student assistants – RR 1.1, 95% CI: 0.8-1.4





Ecological Studies
(Lewando Occupational
wski,
exposure to contagion
2020)
and the spread of
preprint
COVID-19 in Europe



This ecological study measured
country-specific levels of occupational
exposure to contagion index derived
from a combination of data in O*NET
(exposure to disease or infection and
physical proximity at work) and the
European Working Condition Survey
(dealing with people, work in public,
work at client’s premises and no ability
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In countries with higher proportions of highly exposed
workers, these workers tended to be older was the
reason for a strong correlation between age 45-64 and
the occupational exposure to contagion index.
20-25% of the cross-country variance in numbers of
COVID-19 cases and deaths can be attributed to crosscountry differences in levels of occupational exposure to
contagion in European countries.

5

COVID-19 Summary of the Risk of Outbreaks in the Workplace



(Baker,
Peckham,
& Seixas,
2020)

Estimating the burden
of United States
workers exposed to
infection or disease: a
key factor in
containing risk of
COVID-19 infection





(St-Denis,
2020)

Sociodemographic
determinants of
occupational risks of
exposure to COVID-19
in Canada
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to work at home). HCWs were
excluded from the analysis.
No conflict of interest statement
available.



This pre-COVID-19 analysis aimed to
quantify the number of workers who
are frequently exposed to infection
and disease in the workplace in the
U.S., and understand which
occupational groups they represent by
combining data on occupational work
activities from the Occupation
Information Network (O*Net) (from
partial update in 2018) with data from
the Bureau of Labor Statistics (BLS)
Occupational Employment Statistics
database (from May 2018).
No conflict of interest statement
available.



This pre-COVID-19 analysis identified
which groups of the labor force are at
greater risk of exposure to COVID-19
based on the characteristics of their
occupation and assessed them against
sociodemographic data.
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The occupations most at risk include personal service
workers, protective service workers, sales workers, and
building and related trade workers.
The occupations with the least amount of risk include
farm and agriculture workers, plant and machine
operators who do not have close proximity to each
other, and businesses that do not interact with the
public or clients and have the capacity to allow
employees to work from home.
Based on self-reported estimates from O*Net in 2018
and extrapolated based on data from BLS, ~10% (14.4
million) workers in the U.S. are employed in occupations
where exposure to disease or infection occurs at least
once per week. Additionally, 18.4% (26.7 million) are
employed in occupations where exposure to disease or
infection occurs at least once per month.
Occupations with a higher risk of exposure include those
in the healthcare sectors, protective service occupations
(e.g. police officers, correctional officers, firefighters),
office and administrative support occupations (e.g.
couriers and messengers, patient service
representatives), education occupations (e.g. preschool
and daycare teachers), community and social services
occupations (community health workers, social workers,
counselors), and construction and extraction
occupations (e.g. plumbers, septic tank installers,
elevator repair).
The results highlight the association between
socioeconomic status and occupational-level work
activities that may increase the risk of exposure among
women, immigrants, and members of visible minority
groups.
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Data on occupational work activities
was derived from the O*Net database
(level of physical proximity to other
people, and the frequency of exposure
to diseases and infections) Canadian
2016 census data.
No conflict of interest statement
available.
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(Barbieri,
Basso, &
Scicchitan
o, 2020)

Italian workers at risk
during the COVID-19
epidemic



preprint



(Lewando
wski,
Lipowska,
& Magda,
2020)

The gender dimension
of occupational
exposure to contagion
in Europe



This ecological study uses synthetic
indexes that proxy for physical
proximity in the workplace, exposure
to diseases and infections, and the
possibility to work remotely at the
occupational level were created using
data from the Italian Sample Survey on
Professions (ICP) and the ISTAT Italian
labour force survey (LFS).
Authors state that the views expressed
in the paper are those of the authors
and do not necessarily reflect those of
the Bank of Italy nor those of INAPP.
This ecological study aimed to
measure the occupational exposure to
contagious diseases using data from
O*Net 2018 and the European Working
Conditions Survey (‘EWCS’ 2015).
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~45% of Canadian workers are in occupations that
require working in relatively close physical proximity to
others (at arm’s length or closer).
Women work in occupations associated with
signiﬁcantly higher average risks of exposure to COVID19 than men.
Those with a Bachelor’s degree or higher tend to face
signiﬁcantly lower occupational risks of exposure.
Workers in low-income occupations are more likely to
be employed in occupations with high exposure risk
scores.
Occupations held by older workers (65+) were
characterized by a lower level of physical proximity to
others than their younger colleagues.
Several sectors require physical proximity to operate: the
workers employed in Italy in sectors whose physical
proximity index is above the national average are more
than 6.5 million (most of them in retail trade).
Groups at risk of contagion and complications from
COVID-19 (mainly male above the age of 50) work in
sectors that have little exposure to other people, are
currently under lockdown, or can work remotely.
The sectors with the highest physical index are hotel and
restaurants, education, healthcare and trade (mainly
retail).

Women are 26% more likely to work in highly exposed
occupations that require contact with diseases, frequent
contact with clients, and high levels of physical proximity
at work.
Women are more likely than men to be unable to work
from home due to their occupation. Older women and
7
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(Hawkins,
2020)

Differential
occupational risk for
COVID-19 and other
infection exposure
according to race and
ethnicity







(Rogers et
al., 2020)

Racial disparities in
COVID-19 mortality
among essential
workers in the United
States





Authors specifically analyze the gender
dimension of occupational exposure.
No conflict of interest statement
available.
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This ecological study aimed to assess
how occupational segregation
according to race and ethnicity
contributes to the risk of COVID-19.
Data from the Bureau of Labor
Statistics Current Population Survey
was used for the analysis.
The authors have declared that no
competing interests exist.



This ecological study analyses used
data from the American Community
Survey and Current Population Survey
to examine the correlation between
COVID-19 deaths and occupational
differences across racial/ethnic groups
across U.S. states.
COVID-19 death data up to April 24,
2020 was included.
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women with higher education were less likely to be in a
high exposure occupation.
Occupations with a high exposure to contagions were
personal care workers, HCWs, associate health
professionals, personal service workers and protective
service workers. With the exception of the last category
the former categories are female dominated.
Accounting for the economic sector of work sex is not a
significant predictor of exposure to contagions.
However within some sectors younger women were
significantly more likely to be in high exposure
occupations.
This article identifies that some high risk of exposure
occupations are disproportionately occupied by certain
ethnic groups.
Black workers were more likely to be employed in
essential industries and in occupations frequently
requiring close proximity to others (HCWs, social
assistance, hospital, bus drivers, personal care aids, food
industry).
Black and Hispanic workers were more than twice as
likely to be employed in the animal slaughtering and
processing industry, where there have been many
outbreaks of COVID-19.
Non-Hispanic (NH) Black individuals disproportionately
occupy the top 9 essential occupations, which increases
their risk of exposure to COVID-19 including the 3
highest disparities: transportation and material moving,
healthcare support, food preparation and serving.
Hispanic ethnicity was disproportionately more likely to
work in food preparation and serving, building and
grounds cleaning and maintenance and production.

8

COVID-19 Summary of the Risk of Outbreaks in the Workplace


(Peters,
2020)

Community

susceptibility and
resiliency to COVID-19
across the rural-urban
continuum in the
United States


Predictive Models
(Milligan
Impact of essential

et al.,
workers in the context
2020)
of social distancing for
preprint
epidemic control

August 25, 2020

Authors acknowledge an individual,
who provided editorial assistance, and
Data for Black Lives (http://d4bl.org/)
who indirectly supported the
investigation as one of the first
organizations to compile a list of states
that publicly shared COVID-19
incidence and mortality data. The
research was partially supported by a
grant from the National Institutes of
Health.
In this ecological study, a COVID-19
susceptibility scale is generated at the
country level using data from the U.S.
Census Bureau and CDC. Authors then
assess the health and socioeconomic
resiliency of susceptible places across
the rural-urban continuum in the U.S.
The study was supported by USDA
Agricultural Experiment Station
Multistate Research Project W4001.
Authors declare there are no conflicts
of interest.



Asian ethnicity was disproportionately more likely to
work in personal care and service, HCW and in food
preparation and service.



Based on employment data, meat-processing facilities
drive risk of infection in rural areas.
Outbreaks of COVID-19 in rural meat packing
communities disproportionally impact Hispanic and
other minority workers.

This SEIR model examined scenarios
with 3 different groups of essential
workers to determine their risk of
contracting COVID-19: 1) public-facing
essential workers (cashiers, retail,
transportation), 2) non-public facing
essential workers (factory, warehouse,
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Essential workers are at an increased risk of COVID-19
infection compared to the general population.
Non-public-facing essential workers are susceptible to
outbreaks in the workplace even after social distancing
practices, while public-facing essential workers have a
high contact rate with people and thus a higher risk of
being exposed to an infected person compared to those
who stay at home.
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Reviews
(Rafeeman
esh,
Ahmadi, &
Memarzad
eh, 2020)

A Review of the
strategies and studies
on the prevention and
control of the new
Coronavirus in
workplaces








and agriculture employees), and 3)
healthcare workers.
No conflict of interest statement
available.

August 25, 2020


Literature Review published in April,

2020, no search date or methods
section.
Authors aimed to review the required
strategies to prevent and control
COVID-19 in the workplace.
Search strategy and dates of the search
not reported.
The authors have declared that no
competing interests exist.
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It was found that different types of essential workers
(cashiers, factory employees, and HCWs) had different
impacts on transmission scenarios. Similarly, mitigation
efforts (e.g. masks, physical distancing etc.) had an
impact on transmission.
High Risk of exposure occupations:
o CDC has identified occupations that are more
exposed to COVID-19: 1) health care workers
(HCWs), 2) staff of the cemeteries and the funeral
houses, 3) officials and staff of airports, airlines,
railways, subways and all public transport (buses,
taxis, etc.), 4) border guards, 5) solid waste and
wastewater workers, and 6) employees who travel
regularly, especially to contaminated areas
o Dentists and makeup artists are also at high risk due
to face-to-face communication with clients and
exposure to saliva, blood, and exhaled breath
o Flight and ship crews are at risk of contact with
infected passengers
Control solutions:
o Engineering controls (isolation of symptomatics,
ventilation, barriers between people, disposable
tools)
o Administrative controls (exclusion of sick
workers, hygiene training, reduced staff hours,
teleworking, cohorting, continuous cleaning and
disinfection, restrict staff gatherings)
o Personal Protective Equipment (proper face
mask, eye protection, gloves and special clothing
– as needed)
Key Barriers:
10
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Continuing to work despite being sick
(presenteeism) is a major issue. Extended sick leave
policies will help
Routes of transmission
o There is a high risk of direct transmission in dental
practice due to working directly with the mouth and
contact with the oral/nasal mucous membranes, as
well as exposure to saliva, blood, and other
respiratory fluids
o Airborne transmission to susceptible people in the
clinic
o Indirect transmission via fomites may also be a risk
as handling of sharp instruments that are in direct
contact with potentially virus laden bodily fluids
could occur
Infection control measures
o Patient evaluation, temperature check
o Hand hygiene
o Barrier protection including face mask, eye
protection, face shield, work clothes (e.g. lab coat)
o Antimicrobial mouth rinse before dental procedure,
rubber dam may minimize blood and saliva spatter.
o Use of anti-retraction high-speed hand pieces may
reduce the risk of cross contamination.
o Strict and continuous disinfection
o

(Peng et
al., 2020)

Transmission routes of
2019-nCov and
controls in dental
practice







Literature review published in April,
2020, no search date or methods
section
Authors aim to provide an overview of
the transmission routes and risk of
exposure to those working in the
dental industry.
The authors have declared that no
competing interests exist.





Risk Assessments
(Donoghu Super-spreader
e et al.,
businesses and risk of
2020)
COVID-19
preprint
transmission



This risk assessment explores the
attributes of super-spreading
businesses (SSBs). SSBs were those
businesses within the top 5% of the
COVID-19 Business Transmission Risk
Index which is based on the frequency,
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The negative binomial analysis found a positive
association between SSBs and the cumulative weekly
cases of COVID-19 where a 1% increase in SSB equated
to a 5% increase in cases.

11
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(Zaneti et
al., 2020)

preprint

QMRA of SARS-CoV-2
for workers in
wastewater treatment
plants







August 25, 2020

duration and square footage of
businesses pre-pandemic across 8 U.S.
states.
No conflict of interest statement
available.



A quantitative microbial risk
assessment (QMRA) was used to
investigate the potential health risks of
SARS-CoV-2 in sewage to wastewater
treatment plants (WWTPs) workers.
QMRA was applied for 3 COVID-19
scenarios (moderate, aggressive and
extreme) to study the risk during
different stages of the pandemic.
No conflict of interest statement
available.















(Zachreso Risk mapping for
n, Mitchell, COVID-19 outbreaks
Lydeamor using mobility data



A heuristic approach to estimating
transmission risk based only on
qualitative information about
epidemiological factors and informed
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Common business types classified as SSBs included full
service restaurants, limited service restaurants and
hotels/motels.
SSB attributes in this study were typically businesses
where visitors stay for longer and are more densely
packed.
Estimated viral loads in sewage at the entrance of
WWTPs ranged from 1.03x102 to 1.31x104 GC/mL (GC=
genome copies) assumed to equate to 0.1 to 13.06
PFU/mL (PFU= plaque forming units).
The exposure dosage was assumed to be 1mL that were
contaminated at concentrations ranging from 1.03 x 102
GC/mL to 1.31 x 104 GC/mL across moderate to extreme
scenarios.
The outcome was estimated risk for which WHO
suggests a cut-off of 1 x 10-3 (based in the tolerable risk
for rotavirus infection from drinking water): The extreme
3.1 x 10-2. Aggressive 6.5 x 10-3 and moderate 3.0 x 104 scenarios report risk 31, 6.5 and 0.3 time higher than
the WHO cut-off.
WWTP workers exposed to bioaerosols and airborne
particles are an occupational risk, few studies have
examined this risk.
Infection control could include use of face mask and face
shield when performing manual cleaning work and
minimizing the time spent in treatment tank areas
Viral loads in sewage could be used as an early-warning
tool for the community and aid in prioritizing enhanced
infection control strategies in the sanitation sector.
Workplace (context) specific factors:
o Common location (travel into/out of an outbreak
area)

12
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e, & et al.,
2020)

preprint








by near-real-time estimates of mobility
patterns.
Gathering related outbreaks are
particularly well suited to this method.
They validate their estimates using 3
well documented COVID-19 outbreak
scenarios in Australia. These include an
outbreak at an abattoir, a hotel, and
within a community.
Mobility data was used from Facebook
and case data was obtained through
the Australian state health authorities.
No conflict of interest statement
available.

August 25, 2020
Was in the outbreak location prior to identification
of the outbreak
o Occupation statistics for the area or location being
studied (aids in identification of a common type of
business in the outbreak area)
Note: the above method could be applied to anywhere with
habitual travel patterns.
o
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Example: Cedar Meats outbreak April, 2020, Australia
o A mobility risk map and Spearman’s correlation
coefficient indicates that with limited case data and
mobility data, the location of the outbreak
associated with Cedar meats in Brimbank could have
been identified very early on. This result was further
improved with the addition of occupation data for
the area.
o These results also demonstrate how mobility data
can be a useful tool in the estimation of COVID-19
transmission risk diffusion from epidemic locations
early in an outbreak. This can be used to intensify
public health measures early and aid in containment
of an outbreak or community transmission (as
demonstrated in the other examples) particularly
when we have few cases and are working on
preventing a resurgence of cases.
2 other examples are presented related to a social
gathering and community transmission. These are not
summarized here.
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TRANSMISSION IN THE WORKPLACE
A wide range of workplaces have been implicated in transmission events for SARS-CoV-2 and many transmission events despite being identified
have not been fully investigated or published. An ongoing publicly available project to compile COVID-19 super spreading events (>5 cases) was
identified and the 1500 events reported in this list underscores the magnitude of under-reporting on transmission events (Swinkels, 2020).
Transmission events omitted from the published and preprint literature were recorded on country dashboards and by the media. The latter was
excluded from this review as they are often not reported with sufficient details to assess the transmission event or investigation.


Table 2 lists 37 publications that describe one or more transmission events considered to have occurred in a workplace involving
workers broadly captured under the categories: office environment, meat processing facilities, other factories, migrant work, fitness
centers, ships, other service related occupation, transportation, and studies with multiple clusters.



Four outbreaks in office settings (call center, administrative office, meetings) were identified. The main facilitators for SARS-CoV-2
transmission in an office setting include activity (e.g. talking), proximity to an infected person (e.g. sitting next to each other) and
duration of being in close proximity to an infected person.



Outbreaks in meat processing facilities in Germany and across the U.S. are described in five publications. The risk factors for infection
were identified as: difficulties with physical distancing, prolonged close contact with coworkers, environmental factors such as cooled
re-circulated air, hand hygiene, shared accommodation, shared transportation to and from work, and frequent community contact with
fellow workers.
o

The cluster investigation on the largest meat processing complex in Germany reports a high attack rate for workers within eight
meters of the index cases fixed work station (Guenther et al., 2020).



A seroprevalence study of a factory in Croatia reported antibodies were detected in 1.27% of participants (95% CI: 0.77–1.98%,
n=1,494). However, no outbreak had been detected in the plant, and none of the workers from employer provided accommodations
had antibodies. The employer had adopted enhanced protective measures (e.g. hand disinfection stations, regular workstation cleaning,
closed communal coffee and food vending stations, temperature checks, self-isolation for those returning from abroad, and work from
home for part of the business and administrative staff) (Jerkovic et al., 2020).



Migrant workers housed in shared accommodations were associated with a large outbreak in Singapore (Koh, 2020a).

EMERGING SCIENCES - SUMMARIES
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In three outbreaks that occurred on boats (Diamond Princess cruise ship, a fishing vessel and U.S. naval ship), shared accommodation
and working in close proximity were identified as risk factors for acquisition of SARS-CoV-2.



A large multi-center gym related outbreak was traced to a workshop where several instructors were infected and proceeded to transmit
SARS-CoV-2 to other employees and clients at centers where they were employed (Jang, Han, & Rhee, 2020).



A cross-sectional study estimated the seroprevalence of 104 individuals employed at one grocery retail store in Massachusetts, U.S.
Results from multivariate analysis reveal that employees with direct customer exposure were five times more likely to test positive for
SARS-CoV-2 (OR 4.7; 95% CI: 1.2-32.0) (Lan, Suharlim, Kales, & Yang, 2020). A similar finding was reported for firefighters and
paramedics in a second study (Caban-Martinez et al., 2020).



Employment in transportation was shown to be a risk factor for taxi drivers and bus drivers in three studies, however a transmission
event to a flight attendant has not been documented to date.



Shared accommodation or facilities (e.g. bathroom) and a lack of preventative measures (e.g. face mask) have been suggested to
contribute to several outbreaks in shopping malls, retail stores, bars, nightclubs, restaurants, concerts and overnight camps.



Outbreaks are more likely to occur in an indoor environment OR 18.7 (95%CI 6.0-57.9) (Nishiura et al., 2020).



Key protective measures identified include practicing exemplary infection control within closed environments, policies on exclusion of ill
workers from the work environment, and adherence to personal infection control precautions when working.

Table 2. Thirty-Seven Publications on Transmission Events in the Workplace.
Reference Publication Title Study Details
Office Environment
(Park et
Coronavirus
 Aggregated data from retrospective
al., 2020)
Disease Outbreak
epidemiological investigations.
in Call Center,
 Conducted on an outbreak of COVID-19 at
South Korea
a call center in Seoul, South Korea in
March, 2020.
 No conflict of interest statement available.

Key Outcomes
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The first confirmed case was identified at the call
center on March 8, 2020. The call center is located on
floors 7-9 and 11 of a 19 storey building. In general,
employees do not travel between floors, and they do
not have an in-house restaurant for meals. Both
residents and employees in in the building had
frequent contact in the lobby or elevators.
The building was closed on March 9, 2020 and testing
was offered to all occupants of the building.
15
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(Zhang et
al., 2020)

(Böhmer
et al.,
2020;
Rothe et
al., 2020)

Epidemiological
survey of a new
coronavirus
pneumonia
cluster epidemic
in collective units
in Tianjin




Transmission of
2019-nCoV
infection from an
asymptomatic
contact in
Germany




Investigation of a
COVID-19
outbreak in
Germany
resulting from a
single travelassociated









Article in Chinese.
Retrospective epidemiological investigation
conducted in January, 2020.
The outbreak occurred in the administrative
office of a plant that has 906 employees in
Tianjin, China.
Authors declare there is no conflict of
interest.
Retrospective epidemiological investigation
2 studies describing the transmission of
SARS-CoV-2 from a Chinese resident who
visited Germany for professional reasons to
her colleagues in January, 2020.
Böhmer et al. provide detailed outbreak
investigation.
Authors declare there is no conflict of
interest.
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Of 1,143 individuals tested for COVID-19, 97 (8.5%)
were positive. The majority of these (94/97) were
working on the 11th floor at the call center with 216
employees. This translates to an attack rate of 43.5%
(95% CI: 36.9-50.4%). In addition, most of the cases on
the 11th floor were on the same side of the building.
The household secondary attack rate among
symptomatic cases was 16.2% (95% CI: 11.6-22%).
Duration of interaction (or contact) was most likely the
main facilitator for transmission.
The first case was identified on January 15, 2020 and
spread to 10 other coworkers before control measures
were put in place on January 24, 2020.
The index case and initial case exposures are linked to
work related travel to Wuhan.
Secondary and tertiary cases either travelled with,
participated in meetings, or sat close to infected cases.
Patient 0 was an employee of the Chinese branch of a
German company based in Munich. She travelled from
Shanghai to Munich by airplane on January 19, 2020 to
facilitate workshops and attend meetings in the
company building. She returned on an overnight flight
back to Shanghai on January 22, 2020 and tested
positive for SARS-CoV-2 infection on January 26, 2020.
The German company was informed of the infection on
January 27, 2020. Initial testing of high-risk contacts
identified patients 1-4 as first generation cases. The
company site was closed on February 11, 2020. By
February 19, 2020, 16 subsequent cases were
identified.
The median serial interval was 4.0 days (IQR 3.0–5.0).
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primary case: a
case series

(Hall, Bui,
Rowe, &
Do, 2020)

COVID-19 case
and contact
Investigation in
an office
workspace

August 25, 2020







Retrospective epidemiological investigation
conducted in March, 2020,
The outbreak occurred in a combined
military and civilian office workspace in the
U.S.
No conflict of interest statement available
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Ten patients in addition to patient 0 were employees of
the company. The other 5 were household contacts.
Investigation revealed that transmission from patient 0
to the 10 others likely occurred during the following
scenarios:
o Accompanying patient 0 in multiple activities in
Germany traveling back on the same plane
o In business meetings (60-90 minutes) where
colleagues sat close together
o Colleagues worked simultaneously on the same
computer for a short period of time
o After sitting closely for a 90 minute meeting
during the day, 2 colleagues also spent the
evening together one of their homes. However,
the partner of the colleague hosting who was also
there that evening did not test positive
o 2colleagues met during a canteen visit where they
sat back to back. One of them turned to the other
to borrow the salt shaker
The index case unintentionally exposed 150 coworkers
to SARS-CoV-2 through participation in carpools,
conferences, and small meetings over a period of 3
days.
Of the 150 exposures, 37 were considered medium risk
and 113 were considered low risk. 5 people reported
COVID-19 like symptoms and 5 developed symptoms
during the 14 day quarantine. None of the contacts
tested positive for SARS-CoV-2 infection.
None of the coworkers who were exposed during the
carpool developed symptoms and despite the close
contact were believed to not have been infected.
The rapid identification of those at risk of infection and
subsequent implementation of mitigation and control
17
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efforts was successful in controlling the spread of
SARS-CoV-2.

Meat Processing Facilities
(Dyal et
COVID-19 among
al., 2020)
workers in meat
and poultry
processing
facilities ― 19
states, April 2020






(Waltenbu
rg et al.,
2020)

Update: COVID19 among
workers in meat
and poultry
processing
facilities ― 19
states, April-May
2020







Aggregated data from retrospective
epidemiological investigations.
The report provides aggregate data of
positive COVID-19 cases among 115 meat
and poultry processing facilities across 19
U.S. states through April 27, 2020.
No potential conflicts of interest were
disclosed.



Aggregated data from retrospective
epidemiological investigations.
This is an update to the report above.
The report provides aggregate data of
positive COVID-19 cases among 239 meat
and poultry processing facilities across 23
US states through May 31, 2020.
No potential conflicts of interest were
disclosed.
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Among approximately 130,000 workers at these
facilities, 4,913 cases (~3.0%) and 20 deaths occurred.
These numbers reflect inadequate infection control
practices followed within these facilities including poor
social distancing, source control measures (e.g., the use
of cloth face covers), and increased workload.
The risk factors for infection were identified as
difficulties with physical distancing, hygiene, and
crowded living and transportation conditions (many
workers live in crowded, multigenerational settings and
sometimes share transportation to and from work).
Within 239 facilities, there has been 16,233 COVID-19
cases and 86 COVID-19 related deaths among workers
(264 facilities / 17,358 cases/ 91 deaths across both
publications (Dyal et al., 2020; Waltenburg et al., 2020)).
Among 14 states reporting the total number of workers
in affected meat and poultry processing facilities
(112,616), COVID-19 was diagnosed in 9.1% of workers.
Of 9,919 (61%) cases with reported race/ethnicity, 87%
were among racial and ethnic minority workers.
Factors that increase risk of exposure for these workers
include prolonged close workplace contact with
coworkers (within 6 feet for ≥15 minutes) for long time
periods (8–12 hour shifts), shared work spaces, shared
transportation to and from the workplace, congregate
housing, and frequent community contact with fellow
workers.
Data from 111 facilities across 14 states reveals the
implementation of the following prevention and
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(Steinberg
et al.,
2020)

COVID-19
Outbreak among
employees at a
meat processing
facility – South
Dakota, March –
April 2020






Retrospective epidemiological investigation
Conducted between March 16 - April 25,
2020 in a meat processing facility (facility
A).
No potential conflicts of interest were
disclosed.











(Richmond Interregional
, Sabin,
SARS-CoV-2



Molecular epidemiology study.
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control strategies: screening workers on entry (89/111),
required all workers to wear face coverings (86/111),
increased the availability of hand hygiene stations
(72/111), educated workers on community spread
(70/111), installed physical barriers between workers
(69/111), offered testing to employees (41/111, and
closing temporarily (24/111).
Using data from 7 facilities that implemented facilitywide testing, the crude prevalence of asymptomatic or
presymptomatic infections among 5,572 workers who
tested positive for SARS-CoV-2 infection was 14.4%.
A total of 929/3,635 (25.6%) COVID-19 cases were
diagnosed among facility A employees, of which 39
were hospitalized and 2 died.
An additional 210/2,408 (8.7%) cases were identified
among contacts of employees with diagnosed COVID19. 9 of these were hospitalized.
The attack rate at facility A during March 16 – April 25,
2020 was 25.6%. Department-groups where employees
worked in close proximity (i.e., <6 feet) to one another
on the production line had the highest attack rates
(department groups: cut – 30.2%, conversion – 30.1%,
and harvest – 29.4%).
The attack rate was higher among non-salaried
employees (26.8%) compared to salaried employees
(14.8%).
The attack rate increased ~fivefold during the first 3
weeks of the outbreak. On average 67 employee
COVID-19 cases were occurring per day during the
fourth week. Cases among employees declined to ~ 10
per day within 7 days of facility closure.
Results from phylogenetic analysis reveal a large
cluster from a single SARS-CoV-2 strain among
19
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Jobe,
Lovrich, &
Kenny,
2020)

preprint

(Guenther
et al.,
2020)

preprint

spread from a
single
introduction
outbreak in a
meat-packing
plant in northeast
Iowa



Investigation of a
superspreading
event preceding
the largest meat
processing plantrelated SARSCoronavirus 2
outbreak in
Germany





August 25, 2020

This study describes a phylogenetic analysis
of COVID-19 cases identified in 3
neighbouring states in the U.S. (Wisconsin, 
Iowa, and Minnesota).
No conflict of interest statement available.






Retrospective epidemiological
investigation.
Conducted March 16 - April 25, 2020 the
largest meat processing complex in
Germany.
There are 2 facilities MPP-R and MPP-D.
MPP-R performs slaughter and fine
processing as well as packaging of beef
and pork and MPP-D is a processing plant
specialized on sow deboning which is
located 30 km away from MPP-R.
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individuals associated with a meatpacking plant in
Postville, Iowa.
Since April 6, 2020, 27 viral cases attributed to this substrain have been identified. Authors believe this only
represents a sample of the cases arising from this
outbreak.
Cases traceable to this outbreak have been detected in
7 counties in 3 states, affecting a total of 13
municipalities. This region spans 185 square miles.
Serial testing by health authorities performed a month
after the initial encounter identified more than 1,400
positive cases.
Assessment of viral sequences shows that all cases
share a set of 8 single nucleotide mutations
representing a novel sub-branch in the SARS-CoV-2
C20 clade.
Initial transmission occurred in a confined area of a
beef processing plant in which air is constantly
recirculated and cooled to 10°C. The index case
transmitted the virus to more than 60% (17/26) of their
co-workers in a radius of more than 8 meters during
work-shifts on 3 consecutive days.
Statistical relationships were also identified for a single
shared apartment, bedroom and carpool groups.
Correlations between working within 8 meters of the
index case and the infection rate in the apartment,
bedroom or carpool groups indicate the majority of
transmission events are thought to have occurred
within the beef processing facility.
Findings indicate that a physical distance of 2 meters is
not sufficient to prevent transmission in this
environment of low fresh air exchange and continuous
cooling, which may favour transmission. Authors
20
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recommend additional measures such as improved
ventilation and airflow, installation of filtering devices,
and the use of high-quality face masks to reduce the
infection risk in these environments.

Other Factory
(Jerkovic
SARS-CoV-2
et al.,
antibody
2020)
seroprevalance in
preprint
industry workers
in Split-Dalmatia
and Šibenik-Knin
County, Croatia







This cross-sectional study estimated the
seroprevalence on 1,494 factory employees
living in the Split-Dalmatia and ŠibenikKnin County (Croatia) and was conducted
between April 23 - 28, 2020.
The factory (DIV Group) specializes in the
production and trade of screws and other
mechanical parts and metal with 2 major
production sites located in Split (SplitDalmatia County), and Knin (Šibenik-Knin
County) employing around 2,200 people
and around 400 people, respectively,
Authors declare there is no conflict of
interest.










As of February 25, 2020 the DIV group implemented
protective measures such as providing hand
disinfection stations in all rooms, regular workstation
cleaning protocols, closing communal coffee and food
vending stations, temperature checks, self-isolation for
those returning from abroad, and work from home for
part of the business and administrative staff. The total
number of employees working at the facilities was
reduced to around 1,300 and 300, respectively,
In a total sample of tested employees (n=1,494),
antibodies were detected in 1.27% of participants (95%
CI: 0.77–1.98%).
At the facility in Split, some of the employees live at
the facility premises.
In the Split facility 13/1,316 (0.99%, 95% CI: 0.53–
1.68%) of participants tested positive, of which
13/1,079 (1.20%, 95% CI: 0.64–2.05%) of those were
living outside the facility and 0/237 (0%, 95% CI: 0–
1.26%) of those were living inside the facility. In the
Knin facility, 6/178 (3.37%, 95% CI: 1.25–7.19%)
participants tested positive for antibodies.
All participants living inside facility premises, and with
limited mobility during the lockdown measures, tested
negative for antibodies. Therefore exposure was likely
not related to workplace accommodation in this
outbreak.

Migrant Work
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2020a)

Migrant workers
and COVID-19






Fitness Center
(Jang et
Cluster of
al., 2020)
Coronavirus
Disease
associated with
fitness dance
classes, South
Korea






Retrospective epidemiological
investigation.
The daily numbers of COVID-19 cases in
Singapore from March to May 2020 were
analyzed to determine the cause of a surge
in cases in April, 2020. Regulations on
migrant worker accommodation were
studied.
Authors declare there is no conflict of
interest.
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Retrospective epidemiological

investigation.
An outbreak associated with a nationwide
fitness dance instructor workshop held on
February 15, 2020 in Cheonan, South Korea.
No conflict of interest statement available.
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The majority of cases associated with a peak in April,
2020 occurred among low-skilled migrant workers
living in foreign worker dormitories. As of May 6, 2020
there were 17,758 confirmed COVID-19 cases among
dormitory workers (88% of 20,198 nationally confirmed
cases).
One dormitory housing with ~ 13,000 workers had
2,526 confirmed cases, which accounted for 12.5% of
all cases in the country.
The national response included extensive testing of
workers in dormitories, segregation of healthy and
infected workers, and daily observation for fever and
symptoms. In addition, 24 dormitories were declared as
‘isolation areas’ for residents to quarantine for 14 days.
Vacant public housing flats, military camps, exhibition
centres, and floating hotels have been provided to
workers that will allow for appropriate social
distancing.
At the nationwide fitness dance instructor workshop,
instructors trained intensely for 4 hours. Of the 27
instructors who participated, 8 had positive RT-PCR)
results for SARS-CoV-2 infection. All were
asymptomatic on the day of the workshop.
On March 9, 2020, 112 COVID-19 cases associated with
fitness dance classes in 12 different sports facilities
were identified. Of these, 82 (73.2%) were symptomatic
and 30 (26.8%) were asymptomatic.
Transmission from instructors to fitness class
participants accounted for 57 (50.9%) cases. In-family
transmission from instructors and students resulted in
38 cases (33.9%) and 17 cases (15.2%) were from

22

COVID-19 Summary of the Risk of Outbreaks in the Workplace

August 25, 2020











Ships
(Kakimoto
et al.,
2020)

Initial
investigation of
transmission of
COVID-19 among
crew members
during quarantine
of a cruise ship —
Yokohama, Japan,
February 2020





Retrospective epidemiological investigation
of an outbreak on a the Diamond Princess
cruise ship of 3,700 passengers and crew
that began on February 3, 2020.
Authors declare there is no conflict of
interest.
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transmission during meetings with coworkers or
acquaintances.
Prior to closing the sports facilities, 217 students were
exposed in 12 facilities, an attack rate of 26.3% (95% CI:
20.9-32.5%).
Close contacts of fitness instructors and students were
followed up on (n=830) and 34 cases of COVID-19
were identified, translating to a secondary attack rate
of 4.10% (95% CI: 2.95-5.67%). From these 34 cases,
418 close contacts were followed and 10 quaternary
cases were identified, resulting in a tertiary attack rate
of 2.39% (95% CI: 1.30-4.35%).
Fitness classes from which secondary COVID-19 cases
were identified included 5–22 students in a room ≈60
m2 during 50 minutes of intense exercise. Cases
among classes with <5 participants were not identified.
One of the infected instructors taught Pilates and yoga
for classes of 7–8 students in the same facility at the
same time as another infected instructor, but none of
her students tested positive for the virus.
Authors speculate that the lower intensity of Pilates
and yoga did not cause the same transmission effects
as the more intense fitness dance classes.
The investigation of SARS-CoV-2 spread among staff
concluded that infection had apparently spread among
persons whose cabins were on the same deck (deck 3)
and who worked in the same occupational group (food
service), probably through contact or droplet spread,
which is consistent with current understanding of
COVID-19 transmission.
8 of 20 positive crew members had cabin mates, of
which 5/8 became COVID-19 positive.
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Other Service-Related Occupations
(Liu et al.,
Analysis on

2020)
cluster cases of
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Retrospective epidemiological

investigation.
This study describes an outbreak of SARS
CoV-2 on a fishing vessel that departed
from Seattle, Washington in May, 2020.
Prior to the ship’s departure, crew members
were screened for active SARS-CoV-2
infection by RT-PCR and for serological
evidence of prior or ongoing infection.

Authors declare there is no conflict of
interest.

The attack rate on board was 85.2% (104/122
individuals).
3 crew members tested positive prior to the boat’s
departure in initial serological screening and had
neutralizing and spike-reactive antibodies in follow-up
assays. None of these crew members showed evidence
of viral infection or experienced any symptoms during
the outbreak.
The crew members with neutralizing antibodies from
prior infection were protected against re-infection.

Retrospective epidemiological investigation
of an outbreak that occurred on the USS
Theodore Roosevelt in March/April 2020
with approximately 1,000 service men
onboard.
The investigation occurred April 20-24,
2020 once the ship docked in Guam.
A convenience sample of 382 (27% of the
total service members on the ship or at the
Guam naval base).
Questionnaires, serology and RT-PCR tests
were done to develop the dataset.



Previous or current infection was higher among
participants who reported contact with someone
known to have COVID-19 (64.2%), compared with
those who did not (41.7%) (OR = 2.5; 95% CI = 1.1–5.8).
Prevalence was also higher among persons who
reported sharing the same sleeping berth with a
crewmember who had positive test results (65.6%),
compared with those who did not (36.4%) (OR = 3.3;
95% CI = 1.8–6.1).
Taking protective measures was associated with lower
risk of being COVID-19 positive:
 Face covering (55.8% versus 80.8%; OR = 0.3; 95%
CI = 0.2–0.5)
 Avoiding common areas (53.8% versus 67.5%; OR
= 0.6; 95% CI = 0.4–0.9)
 Social distancing (54.7% versus 70.0%; OR=0.5;
95% CI = 0.3-0.8)

Aggregated data from retrospective
epidemiological investigations.
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There were family clusters (28 cases, 71 cases), unit
clusters (1 case, 10 cases), transportation clusters (3
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This study describes all clusters of
confirmed COVID-19 cases Tianjin as of
February 22, 2020.
Authors declare there is no conflict of
interest.
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(Wu et al.,
2020)

(Leffler &
Hogan,
2020)

preprint

Investigation and
analysis on
characteristics of
a cluster of
COVID-19
associated with
exposure in a
department store
in Tianjin
Age-dependence
of mortality from
novel coronavirus
disease (COVID19) in highly
exposed
populations: New
York transit
workers and
residents and
Diamond Princess
passengers












Article in Chinese.
Retrospective epidemiological investigation
An outbreak associated with exposure in a
department store.
Authors declare there is no conflict of
interest.



Cross-sectional data from several sources
and settings were obtained and mortality
data was compared.
Authors used publicly available sources to
estimate COVID-19 mortality for each age
group on the Diamond Princess cruise ship,
in the U.S., in New York City and state, and
among New York Metropolitan Transit
Authority (MTA) workers.
Authors declare there is no conflict of
interest.
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cases, 8 cases), and a public place cluster (1 case, 26
cases).
A cluster in the passenger section of a train involved 10
cases. After epidemiological investigations, it was
finally determined that 2 employees with a history of
going out in Wuhan were first-generation cases.
The department store outbreak was an infected sales
person that infected 26 customers and coworkers.
The first confirmed case of department employee was
on January 31, 2020.
There are 40 cases associated with a department store,
which accounted for 75.47% of the number of
confirmed cases (53 cases) in the jurisdiction.
The analysis revealed that 6 cases (15%) involved
department store employees, 19 cases (47.5%) were
customers of the department store, and 15 cases
(37.5%) were close contacts.
In New York transit workers, mortality was estimated to
be 1 in 7,329 for those ages 30-39 years, 1 in 1,075 for
ages 40-49 yrs, 1 in 343 for ages 50-59 yrs, and 1 in
178 for ages 60-69 yrs.
Of the MTA workers who had died of COVID-19
(106/109 individuals) as of May 6, 2020 were in the
subways and buses division, which has 55,000
employees.
Unclear if transmission of these workers occurred at
the workplace or outside of the workplace.
Among New York MTA workers, over 6,000 workers
(8%) have either tested positive (over 2,000), or entered
quarantine (4,000 workers).
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analysis on the
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(Hendrix,
Walde,
Findley, &
Trotman,
2020)

Absence of
apparent
transmission of
SARS-CoV-2 from
two Stylists after
exposure at a hair
salon with a
universal face
covering policy –
Springfield,
Missouri, May
2020







August 25, 2020

This cross-sectional study estimated the
seroprevalence of 104 individuals
employed at one grocery retail store in the
greater Boston area in Massachusetts, U.S.
and was conducted on 3 consecutive days
in early May 2020.
No conflict of interest statement available.



Article in Chinese.
Aggregated data from retrospective
epidemiological investigations.
This study describes 377 retrospective
cluster investigations of SARS-CoV-2
infections involving 1,719 cases in nonmedical institutions from January 1February 20, 2020.
Authors declare there is no conflict of
interest.
Retrospective epidemiological
investigation.
2 hair stylists as a single salon in Missouri,
U.S. interacted with approximately 139
clients while they were infected with SARSCoV-2 in May, 2020.
Both clients and hair stylists were wearing
face masks.
Authors declare there is no conflict of
interest.
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Of the workers tested, 21/104 (20%) had positive viral
assays. Among these, 76% of the cases were
asymptomatic.
Results from multivariate analysis reveal that
employees with direct customer exposure were 5 times
more likely to test positive for SARS-CoV-2 (OR 4.7;
95% CI: 1.2-32.0). Smokers were 90% less likely to test
positive (OR 0.1; 95% CI: 0.01-0.8).
Of the 377 clusters the likely setting where SARS-CoV2 was acquired was attributed to: family clusters
accounted for 79%, meals together accounted for 10%,
shopping malls or supermarkets accounted for 6%,
workplaces accounted for 3%, and transportation
vehicles accounted for 2%.
Details of workplace transmission clusters were not
presented.

Of the 139 clients who were exposed, 67 were tested.
There were no symptomatic secondary cases reported,
which was most likely due to the use of face masks.
Attack rate: 0/139
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Retrospective epidemiological investigation
of an outbreak associated with a shopping
mall in Wenzhou, China.
Authors declare there is no conflict of
interest.
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(Szablewsk SARS-CoV-2
i et al.,
transmission and
2020)
infection among
attendees of an
overnight camp Georgia, June
2020









(CabanMartinez
et al.,
2020)

Epidemiology of
SARS-CoV-2
antibodies among
firefighters/param
edics of a US fire
department: a



Retrospective epidemiological investigation
of an outbreak associated with an
overnight camp in Georgia, U.S..
There was an overnight camp (camp A) for
orientation for 138 trainees and 120 staff
members during June 17-20, 2020
The staff members remained for the first
camp session, scheduled during June 21–
27, 2020, and were joined by 363 campers
and 3 senior staff members on June 21,
2020.
Authors declare there is no conflict of
interest.



This cross-sectional study estimated
seroprevalence of SARS-CoV-2 antibodies
among 203 frontline
firefighters/paramedics in Florida, U.S.
collected on April 16 - 17, 2020.
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After identifying a positive case, the mall was shut
down on January 22, 2020.
During January 19 – February 9, 2020, COVID-19 was
diagnosed for 7 mall employees and 10 mall
customers.
Close contacts associated with the mall were traced,
and COVID-19 was confirmed for 11 persons.
A sole common source was not identified, some
common spaces were used by infected employees,
thus exposure to aerosolized virus or fomite
transmission is suspected, possibly from using a
common bathroom or elevator.
597 Georgia residents attended camp A. Of those
tested, 260/344 (76%) tested positive for SARS-CoV-2
infection.
The overall attack rate was 44% (260/597), with staff
members having the highest attack rate (56%). Attack
rates increased with increasing length of time spent at
the camp.
The occupancy of the 31 cabins averaged 15 persons
per cabin (range = 1–26). The median cabin attack rate
was 50% (range = 22–70%) among 28 cabins that had
1 or more cases.
The camp followed all CDC recommendations except
opening windows and doors for increased ventilation
in buildings and campers wearing cloth masks (but
staff wore masks).
Of the 203 firefighters/paramedics tested, 18 were
positive for SARS-CoV-2 (8.9%).
The average number of COVID-19 case contacts (i.e.
within 6 feet of an infected person ≥15min) was
significantly higher (13.3 ± 4.8 case contacts vs 7.31 ±
4.8 contacts; p=0.022) among firefighters/paramedics
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(Bao et al.,
2020)

Asymptomatic
and
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transmission of
2019 novel
Coronavirus
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infection: an
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in Ho Chi Minh
City, Vietnam
COVID-19
outbreak
following a single
patient exposure
at an
entertainment
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study







Research was funded in part by the State of
Florida, the Federal Emergency
Management Administration, and the
National Cancer Institute of the National
Institutes of Health.
Authors declare there are no conflicts of
interest.
Retrospective epidemiological investigation
from a bar gathering in Ho Chi Minh City,
Vietnam.
Demographic, clinical, and laboratory
information of all COVID-19 confirmed
cases and contacts from a bar gathering on
March 14, 2020 were collected.
Authors declare there are no conflicts of
interest.

August 25, 2020
















Retrospective epidemiological investigation
of an outbreak associated with a bathing
pool at an entertainment venue in Wuhan,
China.
Demographic, clinical, and laboratory
information of all COVID-19 confirmed
cases and contacts were collected during
January-February, 2020.
Authors declare there are no conflicts of
interest.
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who were SARS-CoV-2 antibody positive compared
with firefighters who tested negative for antibodies.
Of the firefighters/paramedics who tested positive,
none reported receipt of the annual influenza vaccine
compared with firefighters/paramedics who tested
negative for SARSCoV-2 antibodies (0.0% vs 21.0%;
p=0.027).
Of the 298 individuals who attended a bar gathering in
Ho Chi Minh City, 13 tested positive for SARS-CoV-2.
Contact tracing of 4,466 individuals identified another
6 cases.
The cluster specific R0 was 2.64 (90% CI: 1.41−3.68).
3 contexts of transmission coming from field
investigations were identified (bar, household,
workplace). The bar constituted 68%, workplace 21%,
and household 11% of transmissions.
Within the second generation, 3 (50%) of the
transmissions were workplace-related, of which 2 (67%)
reported symptoms after being exposed to a case that
did not report symptoms.
A COVID‐19‐infected worker who returned home from
Wuhan caused an outbreak by visiting a bathing pool
on January 20 where he infected some workers and
customers.
The infection was then spread by a pool worker who
continued to work and by a customer who attended a
family party and dinner with colleagues.
The pool worker who continued to work until January
26 caused SARS-CoV-2 infections in 12 customers.
The dinner party with colleagues was comprised of 36
colleagues on January 22. The infected individual sang
together in a closed space with 7 colleagues. All 7
colleagues were later confirmed to be infected
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transmission of
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SARS-CoV-2










Retrospective epidemiological
investigation.
This study describes an in-flight
transmission cluster of COVID-19.
Data was collected from January 25 –
February 28, 2020.
Face mask policies were not implemented
at the time of this cluster.
Authors declare there is no conflict of
interest.
This case report describes a SARS-CoV-2
infection in a taxi driver in Thailand in
January 2020.
No conflict of interest statement available.



Aggregated data from retrospective
epidemiological investigations.
This study analyzed all outbreaks involving
3 or more cases reported to the municipal
health commissions in China during the
January 4 – February 11, 2020.
The work was funded by the Research
Grants Council of Hong and the National
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The secondary attack rate for the dinner party with
colleagues was 20.5 (95% CI: 7.8–33.2).
Overall, 56 cases were confirmed across 8 districts with
a resident population of 3.9 million.
After a flight, 12 COVID-19 cases were identified and
associated with the flight.
No flight attendants were infected, thus demonstrating
a lack of transmission to the flight attendants.

The taxi driver became ill on January 20, 2020 and went
to a primary care clinic on January 23, 2020.
He reported contact with Chinese tourist passengers in
his taxi who had had frequent coughing but who wore
masks. He had no history of travel to China.

318 indoor outbreaks are described across 120 cities.
80% of the outbreaks involved <5 people.
The venues in which the outbreaks occurred were
divided into 6 categories: 79.9% occurred within a
home, followed by 34.0% transportation, 4.4% at
restaurant, 2.2% shopping venue, and 9.7% at other
venues. Many outbreaks involved more than one venue
category.
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Investigation of
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Natural Science Foundation of China. The
authors declare no conflict of interest.
Aggregated data from retrospective
epidemiological investigations.
This study reports the epidemiological data
on 11 clusters of 110 cases total that
occurred in Japan as of February 26, 2020:
4 in Tokyo and 1 each in Aichi, Fukuoka,
Hokkaido, Ishikawa, Kanagawa and
Wakayama prefectures.
Authors declare there is no conflict of
interest.
Retrospective epidemiological investigation
of 3 clusters linked to a tour group from
China, a company conference, and a church
in Singapore in February, 2020.
Authors declare there is no conflict of
interest.

August 25, 2020














(Furuse et
al., 2020)

Clusters of
Coronavirus
Disease in



Retrospective epidemiological investigation
of 3,184 cases in Japan reported during
January 15 – April 4, 2020.
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All clusters were associated with indoor environments:
gym, restaurant, hospital, and a festival where eating
occurred in tents.
Details on whether the cases were employees or
customers was not provided.
This study estimated the odds of transmitting in a
closed environment vs. open air environment OR 18.7
(95%CI 6.0-57.9).
There was no control for confounders or potential
interaction with other predictors in this analysis. The
definition of “open-air environment” was not described
The analysis revealed that 36 individuals with
confirmed COVID-19 were linked to 3 local clusters,
consisting of 11, 20, and 5 individuals.
The first outbreak involved 11 individuals in a tour
group from China. 5 shop assistants from one of the
tour stops tested positive for SARS-CoV-2. The
assistants reported that they would assist customers to
apply samples of medicinal oil on their bodies, and
handwashing was not usually done between
customers.
The second cluster was a conference attended by at
least 111 participants from 19 different countries on
January 20–22, 2020. Twenty individuals were infected.
5 of the cases were seated at the same table for a 3hr
banquet-style dinner and another 4 cases attended a
4hr breakout session.
During the time period, 61 case-clusters were identified
in healthcare facilities (18 clusters), other care facilities
such as nursing homes and day care centers (10),
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restaurants and bars (10), workplaces (8), music events
(7), gymnasiums (5); ceremonial functions (2), and a
transportation-related incident in an airplane (1).
The largest non–healthcare-related cluster observed
involved >30 persons who attended a live music
concert, including performers, audience members, and
event staff.
Authors identify 22 probable primary-case patients
responsible for the clusters. Most were 20-39 years of
age and were pre-symptomatic or asymptomatic at the
time of transmission.
Clusters reported in potential workplace settings
include: wedding, hospitality venue, conference, and
cruise ship.

The government of New Zealand compiled
a list of significant clusters in New Zealand
as of August 17, 2020.
No epidemiological details on the clusters
provided.
List of all confirmed outbreaks of COVID-19
reported in Colorado, U.S. as of August 12,
2020.
No epidemiological details on the clusters
provided.



Aggregated data from retrospective
epidemiological investigations.
This study summarizes public and
workplace policies in response to COVID19 in Korea.
An overview of workplace outbreaks during
the period of January 20 - May 15, 2020 are
described using data from the Korean

Workplace Transmission in Korea:
 Of the 11,018 COVID-19 cases identified as of May 15,
2020, 15.7% occurred in workplaces including such as
health-care facilities, call centers, sports clubs, coin
karaoke, and nightlife destinations
 111 cases were associated with fitness clubs after
instructors were infected at a workshop (Jang et al.,
2020)
 192 cases were associated with the call center outbreak
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Clusters reported in multiple potential workplace
settings in Colorado, U.S. A few examples include
construction sites, prison, distribution center, laundry
services, potato warehouse, meat processing plant, dog
food plant, grocery store etc.
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Center for Disease Control and the Central
Disaster Management Headquarters.
Authors declare there is no conflict of
interest.

August 25, 2020




Review
(Prakash,
2020)

preprint

Eat, pray, work: a
meta-analysis of
COVID-19
transmission risk
in common
activities of work
and leisure








Literature review.

The author aggregated data from case
studies (20 situations and 425 cases)

captured through a literature review to
identify transmission patterns and estimate
attack rates.

Author aimed to investigate the social
activities that may carry a risk of COVID-19
transmission after the government's ease of
the lockdown measures.
Methods of literature review and analysis
are lacking detail and clarity. No conflict of
interest statement available.
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95 cases are related to public service (e.g. health
department, correctional officers, fire department and
police). However, the reason for their exposure has not
been identified.
Guidelines were developed by February 29, 2020 and
are considered to have been effective at limiting
workplace transmission after implementation. The
Ministry of Employment and Labor workplace
guidelines for COVID-19 included:
 Social distancing, flexible working schedules, early
identification of workers with suspected infections,
and disinfection of workplaces
 To prevent the spread of workplace infection, the
guidelines suggest avoiding face-to-face meetings,
business trips, and education and training
Events such as family dinners and work meetings, have
higher attack rates and, hence, carry significant risks.
Overall, 20 situations that resulted in 418 infections
across 32 instances from 44 individuals are described
below.
Situation (transmission rate):
o Meals/ family events (15.7% to 66.7%)
o Meetings – 1 hour private meeting (72.7%, 95% CI:
43.6-98.0%)
o Open work space with people movement (78.7%,
95% CI: 70.3-85.3%)
o Singing – 2 hour practice (86.7%, 95% CI: 76.293.2%)
o Prayer service (resulted in 1-7 secondary infections
per infected individual)
o Travelling in a car (closed environment) and talking
had a higher risk (100%, 95% CI: 20-100%)
32
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Public transportation, wearing a mask with no
talking (0%)
o Hotels (53.3%, 95% CI: 30.1-75.2%)/Cruise ships
(28.1%, 95% CI: 27.3-29.0%) where space is shared
for days
o Direct interaction with an infected sales agent
(25%, 95% CI: 10.2-49.5%)
o Nightclub, attack rate among direct contacts
>50%, among patrons of the nightclub (6.27%,
95% CI: 5.15-7.61%)
o Restaurant overall attack rate (9.9%, 95% CI: 5.317.7% vs those down wind of the infected
individual (45%, 95% CI: 25.8-65.8%)
Across all these super spreading events, the number of
infections caused depends on the number of close
contacts and in most cases the index case had no
symptoms of COVID-19 at the time of transmission.
o
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EVIDENCE OF COVID-19 CLUSTERS FROM EMPLOYER PROVIDED ACCOMMODATIONS
In some occupations, accommodations are provided to workers. In general, shared accommodation results in close contact of workers for long
durations of time. Eight COVID-19 publications of workplaces with employer provided accommodations were identified (Table 3). In most of these
investigations it is not possible to separate the risk of transmission due to congregate living from activities in the workplace, however the high
attack rates among workers in congregate living facilities underscores that transmission occurs in situations where people spend time together and
the number of contacts (or density of people) is associated with the number of transmission events that may occur in a given setting.


Two sequential outbreak summaries of 264 outbreaks in meat processing facilities that have occurred up to May 31, 2020 in the U.S.
indicated shared accommodation was a risk factor for the transmission of SARS-CoV-2, however specific data on the number of outbreaks
where shared accommodation was a potential factor or the resulting investigations is not provided in these summaries (Dyal et al., 2020;
Waltenburg et al., 2020).



An outbreak associated with shared accommodation of employees on a cruise ship (Diamond Princess cruise ship) where roommates and
people that worked with infected cases were more likely to become infected. Another outbreak on a fishing vessel had an attack rate of
85% (N=122) on the small vessel during its 16 days at sea despite pre-screening for SARS-CoV-2 infection. The third outbreak was on a U.S.
naval ship, the investigation reported a higher odds of testing positive among persons who reported sharing the same sleeping berth with
a crewmember who had positive test results OR = 3.3; 95% CI = 1.8–6.1 (Payne et al., 2020).



During the initial outbreak peak of COVID-19 cases in Singapore, 88% (17,758/20,198 as of May 6, 2020) of the national cases were
attributed to low-skilled migrant workers living in foreign worker dormitories.



In an outbreak at an overnight summer camp with shared accommodations, staff member attack rates increased with increasing length of
time spent at the camp. People stayed in cabins; there was an average of 15 people per cabin (range = 1–26). The median cabin attack rate
was 50% (range = 22–70%) among 28 cabins that had one or more cases suggesting an association between transmission risk and staying
in a cabin.



A seroprevalence study in a facility that specializes in the production of mechanical parts and has 237/1,316 employees living at the facility
determined that none of the 13 workers with IgG antibodies (history of SARS-CoV-2 infection) were among those living at the facility.
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Table 3. Eight COVID-19 publications of Workplaces with Employer Provided Accommodations.
Reference Publication Title Study Details
Key Outcomes
(Jerkovic
et al.,
2020)

preprint

SARS-CoV-2
antibody
seroprevalance in
industry workers
in Split-Dalmatia
and Šibenik-Knin
County, Croatia







This cross-sectional study estimated the
seroprevalence on 1494 factory employees
living in the Split-Dalmatia and ŠibenikKnin County (Croatia) and was conducted
between April 23-28, 2020.
The factory (DIV Group) specializes in the
production and trade of screws and other
mechanical parts and metal with 2 major
production sites located in Split (SplitDalmatia County), and Knin (Šibenik-Knin
County) employing around 2200 people
and around 400 people, respectively.
Authors declare there is no conflict of
interest.








(Koh,
2020a)

Migrant workers
and COVID-19



Retrospective epidemiological
investigation.
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As of February 25, 2020 the DIV group implemented
protective measures such as providing hand
disinfection stations in all rooms, regular workstation
cleaning protocols, closing communal coffee and food
vending stations, temperature checks, self-isolation for
those returning from abroad, and work from home for
part of the business and administrative staff. The total
number of employees working at the facilities was
reduced to around 1,300 and 300, respectively.
In a total sample of tested employees (n=1,494),
antibodies were detected in 1.27% of participants (95%
CI: 0.77–1.98%).
At the facility in Split, some of the employees live at
the facility premises.
In the Split facility 13/1316 (0.99%, 95% CI: 0.53–1.68%)
of participants tested positive, of which 13/1079
(1.20%, 95% CI: 0.64–2.05%) of those were living
outside the facility and 0/237 (0%, 95% CI: 0–1.26%) of
those were living inside the facility. In the Knin facility,
6/178 (3.37%, 95% CI: 1.25–7.19%) participants tested
positive for antibodies. All participants living inside
facility premises, and with limited mobility during the
lockdown measures, tested negative for antibodies.
Therefore exposure was likely not related to workplace
accommodation in this outbreak,
The majority of cases associated with a peak in April
occurred among low-skilled migrant workers living in
foreign worker dormitories. As of May 6, 2020 there
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(Dyal et
al., 2020)

COVID-19 among
workers in meat
and poultry
processing
facilities ― 19
States, April 2020






(Waltenbu
rg et al.,
2020)

Update: COVID19 Among
Workers in Meat
and Poultry
Processing
Facilities ― 19





The daily numbers of COVID-19 cases in
Singapore from March to May 2020 were
analyzed to determine the cause of a surge
in cases in April. Regulations on migrant
worker accommodation were studied.
Authors declare there is no conflict of
interest.

August 25, 2020





Aggregated data from retrospective
epidemiological investigations.
The report provides aggregate data of
positive COVID-19 cases among 115 meat
and poultry processing facilities across 19
US states through April 27, 2020.
No potential conflicts of interest were
disclosed.



Aggregated data from retrospective
epidemiological investigations.
This is an update to the report above.
The report provides aggregate data of
positive COVID-19 cases among 239 meat
and poultry processing facilities across 23
US states through May 31, 2020.
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were 17,758 confirmed COVID-19 cases among
dormitory workers (88% of 20,198 nationally confirmed
cases).
One dormitory housing with ~ 13,000 workers had
2,526 confirmed cases, which accounted for 12.5% of
all cases in the country.
The national response included extensive testing of
workers in dormitories, segregation of healthy and
infected workers, and daily observation for fever and
symptoms. In addition 24 dormitories were declared as
‘isolation areas’ for residents to quarantine for 14 days.
Vacant public housing flats, military camps, exhibition
centres, and floating hotels have been provided to
workers that will allow for appropriate social
distancing.
Among approximately 130,000 workers at these
facilities, 4,913 cases (~3.0%) and 20 deaths occurred.
These numbers reflect inadequate infection control
practices followed within these facilities including poor
social distancing, source control measures (e.g. the use
of cloth face covers), and increased workload.
The risk factors for infection were identified as
difficulties with physical distancing, hygiene, and
crowded living and transportation conditions (many
workers live in crowded, multigenerational settings and
sometimes share transportation to and from work).
Within 239 facilities there has been 16,233 COVID-19
cases and 86 COVID-19 related deaths among workers
(264 facilities/17,358 cases/91 deaths across both
publications (Dyal et al., 2020; Waltenburg et al., 2020)).
Among 14 states reporting the total number of workers
in affected meat and poultry processing facilities
(112,616), COVID-19 was diagnosed in 9.1% of workers.
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No potential conflicts of interest were
disclosed.
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(Kakimoto
et al.,
2020)

Initial
investigation of
transmission of
COVID-19 among
crew members
during quarantine
of a cruise ship —
Yokohama, Japan,
February 2020





Retrospective epidemiological investigation
of an outbreak on a the Diamond Princess
cruise ship of 3,700 passengers and crew
that began on February 3, 2020.
Authors declare there is no conflict of
interest.
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Of 9,919 (61%) cases with reported race/ethnicity, 87%
were among racial and ethnic minority workers.
Factors that increase risk of exposure for these workers
include prolonged close workplace contact with
coworkers (within 6 feet for ≥15 minutes) for long time
periods (8–12 hour shifts), shared work spaces, shared
transportation to and from the workplace, congregate
housing, and frequent community contact with fellow
workers.
Data from 111 facilities across 14 states reveals the
implementation of the following prevention and
control strategies: screening workers on entry (89/111),
required all workers to wear face coverings (86/111),
increased the availability of hand hygiene stations
(72/111), educated workers on community spread
(70/111), installed physical barriers between workers
(69/111), offered testing to employees (41/111, and
closing temporarily (24/111).
Using data from 7 facilities that implemented facilitywide testing, the crude prevalence of asymptomatic or
presymptomatic infections among 5,572 workers who
tested positive for SARS-CoV-2 infection was 14.4%.
The investigation of SARS-CoV-2 spread among staff
concluded that infection had apparently spread among
persons whose cabins were on the same deck (deck 3)
and who worked in the same occupational group (food
service), probably through contact or droplet spread,
which is consistent with current understanding of
COVID-19 transmission.
8 of 20 positive crew members had cabin mates, of
which 5/8 became COVID-19 positive.
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Neutralizing
antibodies
correlate with
protection from
SARS-CoV-2 in
humans during a
fishery vessel
outbreak with
high attack rate







(Payne et
al., 2020)

SARS-CoV-2
infections and
serologic
responses from a
sample of U.S.
Navy service
members - USS
Theodore
Roosevelt, April
2020









(Szablewsk SARS-CoV-2
i et al.,
transmission and
2020)
infection among
attendees of an
overnight camp -



August 25, 2020

Retrospective epidemiological
investigation.
This study describes an outbreak of SARSCoV-2 on a fishing vessel that departed
from Seattle, Washington in May, 2020.
Prior to the ship’s departure, crew members
were screened for active SARS-CoV-2
infection by RT-PCR and for serological
evidence of prior infection.
Authors declare there is no conflict of
interest.
Retrospective epidemiological investigation
of an outbreak that occurred on the USS
Theodore Roosevelt in March/April 2020
with approximately 1,000 service men
onboard.
The investigation occurred April 20-24,
2020 once the ship docked in Guam.
A convenience sample of 382 (27% of the
total service members on the ship or at the
Guam naval base).
Questionnaires, serology and RT-PCR tests
were done to develop the dataset.
Authors declare there is no conflict of
interest.



Retrospective epidemiological investigation
of an outbreak associated with an
overnight camp in Georgia, U.S.
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The attack rate on board was 85.2% (104/122
individuals) and metagenomics suggests the outbreak
originated from a single source.
The outbreak reports minimal information of the likely
transmission dynamics on the boat, but the high attack
rate indicates most people were likely exposed.
3 individuals with neutralizing antibodies prior to
departure of the ship did not get re-infected based on
the evidence presented, indicating they likely had some
protection.
Previous or current infection was higher among
participants who reported contact with someone
known to have COVID-19 (64.2%), compared with
those who did not (41.7%) (OR = 2.5; 95% CI = 1.1–5.8).
Prevalence was also higher among persons who
reported sharing the same sleeping berth with a
crewmember who had positive test results (65.6%),
compared with those who did not (36.4%) (OR = 3.3;
95% CI = 1.8–6.1).
Taking protective measures was associated with lower
risk of being COVID-19 positive:
 Face covering (55.8% versus 80.8%; OR = 0.3; 95%
CI = 0.2–0.5)
 Avoiding common areas (53.8% versus 67.5%; OR
= 0.6; 95% CI = 0.4–0.9)
 Social distancing (54.7% versus 70.0%; OR = 0.5;
95% CI = 0.3–0.8)
597 Georgia residents attended camp A. Of those
tested, 260/344 (76%) tested positive for SARS-CoV-2
infection.
The overall attack rate was 44% (260/597), with staff
members having the highest attack rate (56%). Attack
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There was an overnight camp (camp A) for
orientation for 138 trainees and 120 staff
members during June 17-20, 2020.
The staff members remained for the first
camp session, scheduled during June 21–
27, 2020, and were joined by 363 campers
and 3 senior staff members on June 21,
2020.
Authors declare there is no conflict of
interest.
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rates increased with increasing length of time spent at
the camp.
The occupancy of the 31 cabins averaged 15 persons
per cabin (range = 1–26). The median cabin attack rate
was 50% (range = 22–70%) among 28 cabins that had
one or more cases.
The camp followed all CDC recommendations except
opening windows and doors for increased ventilation
in buildings and campers wearing cloth masks. Staff
were supposed to use cloth masks and campers were
cohorted, however adherence to these prevention
measures could not be assessed.
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EVIDENCE OF COVID-19 CLUSTERS FROM TRANSPORTATION OR COMMUTING TO THE
WORKPLACE
There is limited evidence on COVID-19 clusters resulting from transportation or commuting to the workplace. Five COVID-19 publications were
identified on this topic (Table 4).


Two publications summarize 264 outbreaks associated with meat processing facilities in the U.S. up to May 31, 2020, shared transportation to
and from the workplace was determined as a risk factor for exposure to SARS-CoV-2 (Dyal et al., 2020; Waltenburg et al., 2020). However no
specific data is presented.



In an outbreak in a combined military and civilian office workspace, none of the 150 coworkers who were exposed over three days during
carpooling developed symptoms or were considered to have been infected (Hall et al., 2020).



A study of risk factors for becoming infected with COVID-19 in the UK and U.S. reported a significant higher odds of infection among U.S.
workers who use public transportation to get to work. This finding was in the same direction but not significant for UK respondents. Reasons
for this difference may be related to difference in public health measures implemented in the study areas (Anand et al., 2020).

Table 4. Five COVID-19 Publications Related to Transportation or Commuting to the Workplace.
Reference Publication Title Study Details
Key Outcomes
(Hall et al., COVID-19 case
 Retrospective epidemiological investigation  The index case unintentionally exposed 150 coworkers
2020)
and contact
conducted in March, 2020.
to SARS-CoV-2 through participation in carpools,
investigation in
 The outbreak occurred in a combined
conferences, and small meetings over a period of 3
an office
military and civilian office workspace in the
days.
workspace
U.S.
 Of the 150 exposures, 37 were considered medium risk
 No conflict of interest statement available.
and 113 were considered low risk. 5 people reported
COVID-19 like symptoms and 5 developed symptoms
during the 14 day quarantine. None of the contacts
tested positive for SARS-CoV-2 infection.
 None of the coworkers who were exposed during the
carpool developed symptoms and were not believed to
have been infected.
 The rapid identification of those at risk of infection and
subsequent implementation of mitigation and control
EMERGING SCIENCES - SUMMARIES
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(Dyal et
al., 2020)

COVID-19 among
workers in meat
and poultry
processing
facilities ― 19
states, April 2020






(Waltenbu
rg et al.,
2020)

Update: COVID19 among
workers in meat
and poultry
processing
facilities ― 19
states, April - May
2020







August 25, 2020

Aggregated data from retrospective
epidemiological investigations.
The report provides aggregate data of
positive COVID-19 cases among 115 meat
and poultry processing facilities across 19
US states through April 27, 2020.
No potential conflicts of interest were
disclosed.



Aggregated data from retrospective
epidemiological investigations.
This is an update to the report above.
The report provides aggregate data of
positive COVID-19 cases among 239 meat
and poultry processing facilities across 23
US states through May 31, 2020.
No potential conflicts of interest were
disclosed.
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efforts was successful in controlling the spread of
SARS-CoV-2.
Among approximately 130,000 workers at these
facilities, 4,913 cases (~3.0%) and 20 deaths occurred.
These numbers reflect inadequate infection control
practices followed within these facilities including poor
social distancing, source control measures (e.g., the use
of cloth face covers), and increased workload.
The risk factors for infection were identified as
difficulties with physical distancing, hygiene, and
crowded living and transportation conditions (many
workers live in crowded, multigenerational settings and
sometimes share transportation to and from work).
Within 239 facilities, there has been 16,233 COVID-19
cases and 86 COVID-19 related deaths among workers
(264 facilities/17,358 cases/91 deaths across both
publications (Dyal et al., 2020; Waltenburg et al., 2020)).
Among 14 states reporting the total number of workers
in affected meat and poultry processing facilities
(112,616), COVID-19 was diagnosed in 9.1% of workers.
Of 9,919 (61%) cases with reported race/ethnicity, 87%
were among racial and ethnic minority workers.
Factors that increase risk of exposure for these workers
in include prolonged close workplace contact with
coworkers (within 6 feet for ≥15 minutes) for long time
periods (8–12 hour shifts), shared work spaces, shared
transportation to and from the workplace, congregate
housing, and frequent community contact with fellow
workers.
Data from 111 facilities across 14 states reveals the
implementation of the following prevention and
control strategies: screening workers on entry (89/111),
required all workers to wear face coverings (86/111),
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(Anand et
al., 2020)

preprint

Work-related and
personal
predictors of
COVID-19
transmission






This cross-sectional study analyzes work
and personal predictors of COVID-19.
transmission experience in the U.S. and UK
An online survey of 2,000 participants was
conducted the first week of June, 2020.
No conflict of interest statement available.







(Leffler &
Hogan,
2020)

preprint

Age-dependence
of mortality from
novel coronavirus
disease (COVID19) in highly
exposed





Cross-sectional data from several sources
and settings were obtained and mortality
data was compared.
Authors used publicly available sources to
estimate COVID-19 mortality for each age
group on the Diamond Princess cruise ship,
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increased the availability of hand hygiene stations
(72/111), educated workers on community spread
(70/111), installed physical barriers between workers
(69/111), offered testing to employees (41/111, and
closing temporarily (24/111.)
Using data from 7 facilities that implemented facilitywide testing, the crude prevalence of asymptomatic or
presymptomatic infections among 5,572 workers who
tested positive for SARS-CoV-2 infection was 14.4%.
The findings for the U.S. were different from the UK,
the authors theorize this has to do with the stringency
of the public health measures. The results indicate
occupation, personal traits, circumstance and
behaviours all impact risk of COVID-19 exposure and
ability to physically distance.
The UK analysis indicated higher risk of having had a
COVID-19 diagnosis for those who had no income,
lower-middle income status, shared a kitchen and
occupations where interactions with customers and
staff were on-going.
The U.S. analysis indicated higher risk of having had
COVID-19 was related to low income (OR=5.8-6.3),
shared kitchen (3.6), having a university degree (2.7),
working in a transport related occupation (8.5),
belonging to a trade union (4.8), having had a
consultation on COVID-19 transmission at work (2.5)
and having to take public transportation to work (3.2).
In New York transit workers, mortality was estimated to
be 1 in 7,329 for those ages 30-39 years, 1 in 1,075 for
ages 40-49 yrs, 1 in 343 for ages 50-59 yrs, and 1 in
178 for ages 60-69 yrs.
Of the MTA workers who had died of COVID-19
(106/109 individuals) as of May 6, 2020 were in the
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York transit
workers and
residents and
Diamond Princess
passengers



in the U.S., in New York City and state, and
among New York Metropolitan Transit
Authority (MTA) workers.
Authors declare there is no conflict of
interest.
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subways and buses division, which has 55,000
employees.
Unclear if transmission of these workers occurred at
the workplace or outside of the workplace.
Among New York MTA workers, over 6,000 workers
(8%) have either tested positive (over 2,000), or entered
quarantine (4,000 workers).
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EVIDENCE OF COVID-19 CLUSTERS FROM WORK RELATED TRAVEL
Five COVID-19 publications resulting from work related travel were identified (Table 5).


The first published cluster started with an infected employee who travelled between the China and Germany branches of an organization to
facilitate workshops and attend meetings.



In the second outbreak, the index case and initial case exposures were linked to work related travel to Wuhan, China. Employees infected while
on business travel sparked an outbreak in their workplace.



The last two studies report on clusters of cases that have been linked to conferences, which are often social and networking events (Ministry of
Health Manatū Hauora, 2020; Pung et al., 2020). Risk factors identified related to the proximity and length of time secondary cases spent with
the primary cases (e.g. sitting at the same table during a meal).

Table 5. Five COVID-19 Publications with Documented Clusters Associated with Work Related Travel.
Reference Publication Title Study Details
Key Outcomes
(Böhmer
Transmission of
 Retrospective epidemiological
 Patient 0 was an employee of the Chinese branch of a
et al.,
2019-nCoV
investigation.
German company based in Munich. She travelled from
2020;
infection from an  2 studies describing the transmission of
Shanghai to Munich by airplane on January 19, 2020 to
Rothe et
asymptomatic
SARS-CoV-2 from a Chinese resident who
facilitate workshops and attend meetings in the
al., 2020)
contact in
visited Germany for professional reasons to
company building. She returned on an overnight flight
Germany
her colleagues in January, 2020.
back to Shanghai on January 22, 2020 and tested
 Böhmer et al provide detailed outbreak
positive for SARS-CoV-2 infection on January 26, 2020.
Investigation of a
investigation.
 The German company was informed of the infection on
COVID-19
 Authors declare there is no conflict of
January 27, 2020. Initial testing of high-risk contacts
outbreak in
interest.
identified patients 1-4 as first generation cases. The
Germany
company site was closed on February 11, 2020. By
resulting from a
February 19, 2020, 16 subsequent cases were
single travelidentified.
associated
 The median serial interval was 4.0 days (IQR 3.0–5.0).
primary case: a
 10 patients in addition to patient 0 were employees of
case series
the company. The other 5 were household contacts.
Investigation revealed that transmission from patient 0
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(Zhang et
al., 2020)

(Pung et
al., 2020)

Epidemiological
survey of a new
coronavirus
pneumonia
cluster epidemic
in collective units
in Tianjin




Investigation of
three clusters of
COVID-19 in
Singapore:
implications for
surveillance and
response
measures









Article in Chinese.
Retrospective epidemiological investigation
conducted in January, 2020.
The outbreak occurred in the administrative
office of a plant that has 906 employees in
Tianjin, China.
Authors declare there is no conflict of
interest.
Retrospective epidemiological investigation
of 3 clusters linked to a tour group from
China, a company conference, and a church
in Singapore in February, 2020.
Authors declare there is no conflict of
interest.
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to the 10 others likely occurred during the following
scenarios:
o Accompanying patient 0 in multiple activities in
Germany traveling back on the same plane
o In business meetings (60-90 minutes) where
colleagues sat close together
o Colleagues worked simultaneously on the same
computer for a short period of time
o After sitting closely for a 90-minute meeting
during the day, 2 colleagues also spent the
evening together at one of their homes. However,
the partner of the colleague hosting who was also
there that evening did not test positive
o 2 colleagues met during a canteen visit where they
sat back-to-back. One of them turned to the other
to borrow the salt shaker
The first case was identified on January 15 and spread
to 10 other coworkers before control measures were
put in place on January 24, 2020.
The index case and initial case exposures are linked to
work related travel to Wuhan.
Secondary and tertiary cases either travelled with,
participated in meetings, or sat close to infected cases.
The analysis revealed that 36 individuals with
confirmed COVID-19 were linked to 3 local clusters,
consisting of 11, 20, and 5 individuals.
The first outbreak involved 11 individuals in a tour
group from China. 5 shop assistants from one of the
tour stops tested positive for SARS-CoV-2. The
assistants reported that they would assist customers to
apply samples of medicinal oil on their bodies, and
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(Ministry
of Health
Manatū
Hauora,
2020)

COVID-19 –
significant
clusters





The government of New Zealand compiled
a list of significant clusters in New Zealand
as of August 17, 2020.
No epidemiological details on the clusters
provided.
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handwashing was not usually done between
customers.
The second cluster was a conference attended by at
least 111 participants from 19 different countries on
January 20–22, 2020. 20 individuals were infected. 5 of
the cases were seated at the same table for a 3hr
banquet-style dinner and another 4 cases attended a
4hr breakout session.
Clusters reported in potential workplace settings
include: wedding, hospitality venue, conference, and
cruise ship.
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EVIDENCE OF COVID-19 CLUSTERS RESULTING FROM SOCIAL GATHERINGS OF COWORKERS
In addition to SARS-CoV-2 activity in the community, the activities a worker engages in outside of the workplace will determine the individual risk
that person brings to the organization. Three COVID-19 clusters resulting from social gatherings of co-workers outside of the workplace were
identified (Table 6). All three clusters involved a group of colleagues socializing outside of the workplace and becoming infected. One group
socialized in a bar, the other a dinner party which involved singing in an enclosed space, and the third group had “a history of going out in
Wuhan”. In all three scenarios, the infections acquired through social gatherings of co-workers resulted in additional infections in the workplace.
Table 6. Three COVID-19 Clusters Associated with Social Gatherings of Co-Workers Outside of the Workplace.
Reference Publication Title Study Details
Key Outcomes
(Valencia
et al.,
2020)

preprint

(Bao et al.,
2020)

Asymptomatic
and
presymptomatic
transmission of
2019 Novel
Coronavirus
(COVID-19)
infection: an
estimation from a
cluster of
confirmed cases
in Ho Chi Minh
City, Vietnam
COVID-19
outbreak
following a single
patient exposure
at an
entertainment











Retrospective epidemiological investigation
from a bar gathering in Ho Chi Minh City,
Vietnam.
Demographic, clinical, and laboratory
information of all COVID-19 confirmed
cases and contacts from a bar gathering on
March 14, 2020 were collected.
Authors declare there are no conflicts of
interest.



Retrospective epidemiological investigation
of an outbreak associated with a bathing
pool at an entertainment venue in Wuhan,
China.
Demographic, clinical, and laboratory
information of all COVID-19 confirmed
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Of the 298 individuals who attended a bar gathering in
Ho Chi Minh City, 13 tested positive for SARS-CoV-2.
Contact tracing of 4,466 individuals identified another
6 cases.
The cluster specific R0 was 2.64 (90% CI: 1.41−3.68).
3 contexts of transmission coming from field
investigations were identified (bar, household,
workplace). The bar constituted 68%, workplace 21%,
and household 11% of transmissions.
o Within the second generation, 3 (50%) of the
transmissions were workplace-related, of which 2
(67%) reported symptoms after being exposed to a
case that did not report symptoms
A COVID‐19‐infected worker who returned home from
Wuhan caused an outbreak by visiting a bathing pool
on January 20, 2020 where he infected workers and
patrons of the facility.
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cases and contacts were collected during
January-February, 2020.
Authors declare there are no conflicts of
interest.
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(Liu et al.,
2020)

Analysis on
cluster cases of
COVID-19 in
Tianjin






Aggregated data from retrospective
epidemiological investigations.
This study describes all clusters of
confirmed COVID-19 cases Tianjin as of
February 22, 2020.
Authors declare there is no conflict of
interest.
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The infection was then spread by a pool worker who
continued to work and by a customer who attended a
family party and dinner with colleagues.
The pool worker who continued to work until January
26, 2020 caused SARS-CoV-2 infections in 12
customers.
The dinner party with colleagues was comprised of 36
colleagues on January 22, 2020. The infected individual
sang together in a closed space with 7 colleagues. All 7
colleagues were later confirmed to be infected.
The secondary attack rate for the dinner party with
colleagues was 20.5% (95% CI: 7.8–33.2).
There were family clusters (28 cases, 71 cases), unit
clusters (1 case, 10 cases), transportation clusters (3
cases, 8 cases), and a public place cluster (1 case, 26
cases).
A cluster in the passenger section of a train involved 10
cases. After epidemiological investigations, it was
finally determined that 2 employees with a history of
going out in Wuhan were first-generation cases.
The department store outbreak was an infected sales
person that infected 26 customers and coworkers.
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EVIDENCE OF SUCCESSFUL RISK REDUCTION STRATEGIES IN THE WORKPLACE
There were 21 publications on strategies to reduce the risk of SARS-CoV-2 infection in the workplace (Table 7). The majority (75%) of these are
mathematical models. These studies covered prevention strategies, impact and lifting of public health measures, and management of migrant
workers (Table 7).


Encouraging individuals not to go to work while sick was demonstrated to be effective in five studies through the implementation of
an income support program (ISP), furlough policies, and quarantine policies (Brotherhood & Jerbashian, 2020; Coleman, 2020).



Limiting social contact through a gradual reintroduction of people to the workplace, and reduced people and time in the workplace
overall are effective in slowing the spread of SARS-CoV-2 infections (Kim, 2020; Koralnik & Tyler, 2020; Shaw et al., 2020; Yilmazkuday,
2020).



Availability of guidelines and measures for personal protection at work improved individual personal protective behaviour (Wang, Yi
Wong, & Ho, 2020).



The effectiveness of workplace testing strategies was examined as a way to identify an outbreak. The strategies explored included
environmental testing and worker testing.
o

Environmental testing was explored in a study of workplaces in the UK and U.S., findings from environmental testing concluded
that workplaces with positive environmental samples were 10 times more likely to have an infected person within the
workplace (Marshall et al., 2020).

o

Testing workers was explored across different R0: if R0=2.4, workers would have to be tested at least every 3-4 days to prevent
an outbreak in the workplace whereas if R0=3.0, testing would have to take place every 2 days (Chin, Lo, Huynh, Murrill, &
Basu, 2020). Less frequent strategies such as once per week or upon return to work were less likely to prevent an outbreak.

Table 7. Twenty-one Publications on Strategies for Risk Reduction in the Workplace.
Reference
Publication
Study Details
Key Outcomes
Title
Limiting Social Contact
(Shaw et al.,
Lessons from
 2 SEIR models are used: 1) a movement  Results from the models show that limiting social
2020)
movement
model to explore movement between
contact, via reduced people or reduced time in the
preprint
ecology for the
home and work environments, and 2) a
EMERGING SCIENCES - SUMMARIES
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return to work:
modeling
contacts and
the spread of
COVID-19





(Brotherhood
& Jerbashian,
2020)

preprint

Firm behavior
during an
epidemic







(Gallardo, de
Arroyabe, &
Arranz, 2020)

Preventing
internal COVID19 outbreaks
within
businesses and



network model to explore contact
patterns within the work environment.
A network case study of 1 academic
laboratory and office building to explore
trade-offs between limiting contact,
people, or time on campus.
No conflict of interest statement
available.

August 25, 2020





Authors derive a mathematical model in
which a representative firm operates in
an epidemic environment.
The strategies of the firm for reducing
the infections and the associated costs
include allocation of employees into
teleworking and leave, and their
rotation between on-site work,
teleworking, and leave.
No conflict of interest statement
available.



This study applies Social Networks
Analysis (SNA) techniques to support
Occupational Health and Safety Services
in the design and selection of
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workplace are equivalent strategies to slow pathogen
spread
Restricting on-campus activities to labs (rather than labs
and offices) could dramatically alter (modularize) contact
network structure and thus, potentially reduce relative
risk of pathogen spread.
If commuting specifically increase transmission risk (i.e.,
shared transport), reducing the number of people on
campus is the most effective strategy to reduce the
infection spread rate.
Simulation results show that the fight against infections
in firms has significant effect on the dynamics of the
epidemic. Strategies that are successful include
increasing teleworking, rotating/cohorting on-site
employees and having appropriate leave options.
A 3% subsidy to teleworking reduces the peak of the
epidemic by ~ 3% and the total number of symptomatic
infections and death rate by nearly 9%.
Furlough policies are successful in reducing infections
and death.
When compared to a hypothetical situation where a firm
does not fight against infections, the choices of
employee allocations and rotation in firms reduce the
peak number of sick employees with symptoms by 5%.
These choices also flatten the infections curve by
reducing the total number of symptomatic infections by
18%. As a consequence, the death rate also declines by
18%.
The methodology was demonstrated in a real case, a
Spanish Research Center, providing promising results.
Authors use the concept of a network of employees
whose interaction is caused by triggers, which are
defined as common circumstances between 2 workers
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(Kim, 2020)

institutions: a
methodology
based on social
networks
analysis for
supporting
occupational
health and
safety services
decision
making
Social
distancing and
public health
guidelines at
workplaces in
Korea:
responses to
Coronavirus
Disease-19










preventive measures to reduce the risk
of outbreaks among employees.
Authors declare there is no conflict of
interest.

Aggregated data from retrospective
epidemiological investigations.
This study summarizes public and
workplace policies in response to
COVID-19 in Korea.
An overview of workplace outbreaks
during the period of January 20 - May
15, 2020 are described using data from
the Korean Center for Disease Control
and the Central Disaster Management
Headquarters.
Authors declare there is no conflict of
interest.

August 25, 2020







EMERGING SCIENCES - SUMMARIES

that may result in contagion, like sharing an office or
participating in the same management board.
As an example, a shared location with enlarged space
between people, which is disinfected daily, is less likely
to be a contagion trigger than the same location
crowded and without regular disinfection.

Workplace Transmission in Korea:
o Of the 11,018 COVID-19 cases identified as of May
15, 2020, 15.7% occurred in workplaces including
such as health-care facilities, call centers, sports
clubs, coin karaoke, and nightlife destinations.
o 111 cases were associated with fitness clubs after
instructors were infected at a workshop (Jang et al.,
2020).
o 192 cases were associated with the call center
outbreak.
o 95 cases are related to public service (e.g. health
department, correctional officers, fire department
and police). However, the reason for their exposure
has not been identified.
Guidelines were developed by February 29, 2020 and are
considered to have been effective at limiting workplace
transmission after implementation. The Ministry of
Employment and Labor workplace guidelines for COVID19 included:
o Social distancing, flexible working schedules, early
identification of workers with suspected infections,
and disinfection of workplaces
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o

Stay-at-Home/Quarantine Policies
(Coleman,
Economically
2020)
motivated
preprint
interactions and
disease spread


(Yilmazkuday,
2020)

preprint

(Koo et al.,
2020)

Stay-at-home
works to fight
against COVID19: international
evidence from
Google mobility
Data
Interventions to
mitigate early
spread of SARSCoV-2 in








To prevent the spread of workplace infection, the
guidelines suggest avoiding face-to-face meetings,
business trips, and education and training
Small group gatherings, club activities, and social
dinner at workplaces were restricted and a culture of
returning home right after work was encouraged

This SIR model analyzed the movement
of people throughout the day to match
data on the distribution of households
by size and age of occupants, the
distribution of K-12 schools and
colleges by size and staff-student ratios,
and office and retail establishments by
number of employees. The model was
then used to assess large-scale
compliance to a mitigation policy
directing symptomatic individuals to
stay at home.
No conflict of interest statement
available.
Ecological study.
Used daily Google mobility data
covering 130 countries over the period
between February 15 – May 2, 2020.
No conflict of interest statement
available.





A 1% weekly reduction in visits to workplaces was
equated to about (SE 6.3, p<0.01) less COVID-19 cases
and 2.0 (0.5, P<0.01) less COVID-19 deaths.

This influenza epidemic simulation
model published in March 2020
investigated options for early



Modelling in the early days of the pandemic suggested
that if community transmission occurred, implementing
the combined intervention of quarantining infected
individuals and their family members, workplace
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Simulations reveal that a mitigation policy where all
symptomatic people stay home is sufficient to control
the spread of COVID-19 without any noticeable
employment effects.
This holds true even if up to 60% of the population is
asymptomatic.
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Testing and Contact Tracing
(Chin et al.,
Frequency of
2020)
routine testing
preprint
for SARS-CoV-2
to reduce
transmission
among workers
(Foncea,
Mondschein,
& Massouh,
2020)

preprint

(Bicher,
Rippinger,
Urach,
Brunmeir, &
Popper, 2020)

preprint





Safer working
spaces at
Coronavirus
time: a novel
use of antibody
tests



Agent-based
simulation for
evaluation of
contact-tracing
policies against
the spread of
SARS-CoV-2
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intervention in Singapore should local
containment be unsuccessful.
Authors declare there is no conflict of
interest.

distancing, and school closure could substantially reduce
the number of SARS-CoV-2 infections.

This SEIR model simulated different
testing frequencies required in the
workforce to control the epidemic after
shelter-in-place policies are lifted.
No conflict of interest statement
available.



A Monte Carlo simulation model was
used to analyze the efficacy of periodic
SARS-CoV-2 antibody testing to reduce
the risk of infection in the workplace.
No conflict of interest statement
available.



This agent-based model quantifies the
impact of contact tracing and relaxing
lockdown measures on the spread of
the disease. The impact of the location
tracing for households and for
workplaces were evaluated separately
and in combination with different
compliance levels.
No conflict of interest statement
available.
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If R0=2.4, workers would have to be tested at least every
3-4 days to reduce R0<1 and prevent an outbreak in the
workforce.
With a higher R0 (3.0), testing would have to take place
every 2 days. Since this is likely unrealistic, other
strategies such as social distancing and contact tracing
should also be implemented.
This preliminary simulation model suggests that with
antibody testing twice a week and quarantine of workers
suspected of SARS-CoV-2 infection can reduce the
number of infections while improving the productivity of
the company.
Authors are currently in the process of applying some
combinations of the protocols within the model with
specific firms and government agencies and will report
on these when results become available.
In workplace tracing, the workplace of a confirmed
COVID-19 patient is temporarily closed and all the
coworkers are put into quarantine.
Location tracing based on shared workspaces reduces
the peak by 30% regardless of compliance level, whereas
household tracing performs better as compliance
increases.
These measures combined achieves the greatest peak
reduction and performs best with a high level of
compliance. Additional individual tracing would result in
a higher reduction.
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transmission
and work
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The benefits of
peer
transparency in
safe workplace
operation post
pandemic
lockdown
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Ecological study, the causal effect of
different control measures on COVID-19
transmission and work resumption in 5
countries: China, Italy, Germany, the
United Kingdom, and the United States
was quantified.
Authors acknowledge financial supports
from the National Natural Science
Foundation of China, Chinese National
Social Science Foundation, and the
Humanities and Social Sciences grant of
the Chinese Ministry of Education. No
conflict of interest statement available.



An SEIR model was used to investigate
workplace transmission in 2 different
groups of workers under the
assumption that all workers are
regularly tested for SARS-CoV-2
infection: 1) those that are transparent
about testing, share their results with
colleagues, and isolate as soon as a
contact tests positive for the disease, 2)
opaques who do none of these.
The workplaces considered in the
analysis were back offices, or factory
settings where employees are assumed
to have a static network of coworkers
they regularly interact with and all other
interactions in the workplace would be
socially distanced.
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The 2 most effective policy measures for disease
containment and work resumption are digital contact
tracing and delegating clear responsibility to the local
community.
Population-wide contact tracing contributes to the
largest effect on work resumption, encouraging work
resumption by 2.4%.
A 1% increase in the strictness of social distancing
encouraged work resumption by 1.2%.
Public information campaigns, delegating clear
responsibility to the local community encouraged work
resumption of approximately 0.9-1.0%.
Fiscal measures such as loans, tax deduction, and factor
price deduction contribute less to work resumption
(~0.5%) while the strictness of health care does not
directly help at all.
The greater the connectivity among coworkers, the
smaller the opacity must be among employees to reduce
transmission.
There is a double benefit of transparency among
employees in maximising productivity and minimizing
overall infection rates.
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No conflict of interest statement
available.
De-Escalation of Public Health Measures
(Asfaw, 2020) The effect of
 Ecological study on the income support
preprint
Income support
program (ISP) aims to mitigate the
program on
economic consequences of the
workplace
pandemic while increasing compliance
mobility,
with social distancing measures. This
COVID-19 case
study analyzes the effect of ISP on
and mortality
workplace mobility, and COVID-19 case
growth
and mortality growth using a multievent analysis model.
 No conflict of interest statement
available.
(Koralnik &
COVID-19
 An agent-based city-scale simulator was
Tyler, 2020)
epidemic study
used to model scenarios for phased
preprint
II: phased
emergence from lockdown in Mumbai,
emergence
India starting on June 1, 2020.
from the
 Study was funded by IISc-Cisco Centre
lockdown in
for Networked Intelligence, the Robert
Mumbai
Bosch Centre for CyberPhysical Systems,
the Indian Institute of Science, and the
Department of Atomic Energy,
Government of India.
 No conflict of interest statement
available.
(López &
The end of the
 This SEIR model simulates various
Rodó, 2020)
social
potential post-confinement strategies in
confinement in
Spain such as instant massive liberation
Spain and the
of different populations and a gradual
COVID-19 reincorporation of people to work.
emergence risk
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Workplace mobility was reduced in the range of 4.48.29% 1 week after the introduction of ISP and 21.847.7% after 3 weeks.
5 weeks after the implementation of the program, there
was a 21.8-47.0% and 17.1-29.7% reduction on COVID19 case growth and mortality growth, respectively.
In the absence of ISP programs, authors estimate the
global cumulative number of COVID-19 cases and
mortality would have been 3.69 million and 160, 000
more than the observed COVID-19 cases and deaths
registered by May 15, 2020.
Results demonstrate that a phased opening of
workplaces, at a conservative attendance level of 20-33%
is a good way to restart economic activity while ensuring
that the city’s medical care capacity remains adequate to
handle the possible rise in the number of COVID-19
patients in June and July 2020.
This will keep the occupancy on the suburban trains and
buses at a similar low level, thereby reducing infection
spread in crowded public transit systems.
For trains, occupancy should be restricted to about 20%
for the first few weeks with enforcement of strict physical
distancing and compulsory wearing of face covers.
Results show that the current lockdown should be
extended at least 2 more weeks to prevent a new
escalation in cases and deaths, as well as a second wave
in a few months.
Of all the scenarios modeled, the best case involves
gradually incorporating workers back into society in a
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Authors declare there is no conflict of
interest.

Surveillance and Environmental Monitoring
(Marshall et
Sentinel
 Prospective cohort study aimed to
al., 2020)
Coronavirus
assess the efficacy of using SARS-CoV-2
preprint
environmental
environmental monitoring as a tool to
monitoring can
detect asymptomatic and precontribute to
symptomatic spreaders and conducting
detecting
clinical and environmental surface
asymptomatic
testing at work locations to minimize
SARS-CoV-2
infections.
virus spreaders
 9 workplaces in Europe and the U.S.
and can verify
were enrolled in the study. Of these, 3
effectiveness of
locations had 1 or more employees
workplace
infected with SARS-CoV-2.
COVID-19
 Authors state that funding for the study
Controls
was provided by the participating
locations and laboratories.
(Gunawardana Longitudinal
 Prospective cohort was conducted to
et al., 2020)
COVID-19
assess if longitudinal workplace disease
preprint
surveillance and
surveillance would be an effective
characterization
approach to controlling SARS-CoV-2
in the
among employees and their household
workplace with
members. Results between March 23public health
June 22, 2020 are presented.
and diagnostic
 From a small Southern California
endpoints
organization (Oak Crest), 54 volunteers
(27 employees and 27 household
members) provided frequent samples

EMERGING SCIENCES - SUMMARIES

daily proportion of at most 30% higher than that of
previous confinement. This will lower incidence and
casualties. To maximize the positive impacts, this
strategy should not begin earlier than the end of April
2020.











The locations which had surfaces contaminated with
SARS-CoV-2 were 10 times more likely to have
employees who tested positive for SARS-CoV-2 infection
compared to locations with no or very few positive
surfaces.
The most frequently contaminated surfaces were break
room chairs, work benches, and door handles.
Since locations with numerous environmental positive
detections had an infected employee during the study
period, environmental monitoring appears to be a useful
tool to inform clinical testing required to detect
asymptomatic or pre-symptomatic virus spreaders and
implement appropriate control measures.

Using the current prevalence in Los Angeles County, the
model predicted without surveillance intervention, up to
7 employees (95% CI: 3-10) would have become infected
with at most 1 of them requiring hospitalizations and 0
deaths.
During the study period, 2 study participants were found
to be infected with SARS-CoV-2. 1 was an employee and
the other a household member.
The employee was not allowed entry to the safe zone
workplace until testing negative 3 consecutive times
over a period of 7 days. No other employee or
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Workplace Guidance
(Wang et al.,
Availability of

2020)
workplace
preprint
policy for
prevention of
coronavirus
disease 2019
and its

relationship
with personal
protective
behaviors: a
survey of
employees
Management of Migrant Workers
(Maji,
Implications of

Choudhari, & repatriating
Sushma,
migrant
2020)
workers on

August 25, 2020

for SARS-CoV-2 testing. Only
participants with a negative test result
were able to enter the “safe zone”
workplace facility.
A combination of an SEIR model and
Bayesian non-linear mixed model were
used to predict the number of
employees and household members
that would have been infected in the
absence of the surveillance program.
Authors state that the study was funded
entirely through discretional,
institutional funds.

household member contracted SARS-CoV-2 over the
course of the study.

Cross-sectional study using an online
questionnaire assessing the workplace
guidelines and personal protection
behavior of employed Hong Kong
residents (n=1,048) was conducted
between February 17-27, 2020.
Authors declare there is no conflict of
interest.



This SEIR model investigated the
potential surge in confirmed and active
cases of COVID-19 infection in India and
assessed the train and bus fleet size
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1,048 questionnaires across 5 occupational groups were
analyzed.
In most occupations, the availability of workplace
guidelines and measures for the prevention of COVID-19
improved personal protection behaviors such as hand
hygiene, wearing a face mask, and social distancing.

Results indicate that reducing the daily arrival rate of
migrant workers for states with a very high out flux of
migrants (i.e., Uttar Pradesh and Bihar) can help to lower
the surge in confirmed and active cases.
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(Han & Jia,
2020)

preprint

Reductions of
migrant
population
reduces the
number of
COVID-19
epidemic: a
case study in
China
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required for the repatriating migrant
workers.
By forecasting the 2011 census data and
comparing it with the information
reported in the media, the expected
repatriate migrant worker population
was obtained.
No conflict of interest statement
available.



A generalized additive model (GAM)
was utilized to model the relationship
between migrant population and the
number of confirmed cases of COVID19 in China.
The study was funded by the Peking
University Start-up Grant. Authors
declare there is no conflict of interest.









(Maji, Sushma, Implication of
& Choudhari, inter-state
2020)
movement of
preprint
migrant
workers during
COVID-19
lockdown using



This SEIR model evaluates the effect of
inter-state migrant worker
transportation during the lockdown in
India. Starting on May 5, 2020 it is
assumed that migrant workers will start
arriving at their respective destinations
and the model analyzed the daily arrival
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However, it could create a disparity in the number of
days needed to transport all repatriating migrant
workers to the home states. Travel arrangements for
about 100,000 migrant workers per day to Uttar Pradesh
and Bihar, about 50,000 per day to Rajas-than and
Madhya Pradesh, 20,000 per day to Maharashtra and
less than 20,000 per day to other states of India was
recommended.
Authors suggest that stringent measures in screening
migrant workers before boarding and strict isolation
policy after arrival might control the surge in confirmed
and active cases.
Using China as a case study, results show that the
number of confirmed COVID-19 cases were correlated
with the population migration and regional population
density (R2adj = 0.873, deviance explained = 89.6%). The
number of confirmed cases will increase with the growth
of these variables.
Therefore, restricting population travel can greatly
reduce the number of confirmed cases and limit the
expansion of the disease.
Once the migrant population returns to work increasing
population movement, the number of confirmed cases
will reach 27,483 (95% CI: 16,074-48,097). The average
increase in 73 cities was 85.53% (95% CI: 19.53-189.81%).
The states with significant migrant workers are estimated
to have a rise in confirmed and active cases
Authors suggest that stringent measures in screening
migrant workers prior to boarding and strict isolation
after arrival can help to keep the rise in confirmed and
active cases under control.
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rate of 20,000-100,000 migrant workers
per state.
No conflict of interest statement
available.
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Methods
All of the literature on COVID-19 has been compiled and organized by the Emerging Science Group of the
Public Health Agency of Canada since the beginning of the outbreak. This involves a daily scan of the
literature for all published and pre-published articles. Searches to retrieve relevant COVID-19 literature are
conducted in PubMed, Scopus, BioRxiv, MedRxiv, ArXiv, SSRN, and Research Square. These are crossreferenced with the literature on the World Health Organization COVID literature list, and COVID-19
information centers run by Lancet, BMJ, Elsevier, and Wiley. The daily summary and full scan results are
maintained in a RefWorks database and a searchable Excel file. Each article is tagged using various foci to
identify the focus of the article (e.g. epidemiology, clinical data, therapeutics etc.). Targeted keyword
searching is conducted within these databases to identify relevant citations on COVID-19 and SARS-CoV-2.
The search terms included in this review were workplace, work*, occupation, colleague, manufacturing,
factory, and employee, gathering, and super spread*. There were no language restrictions. Each potentially
relevant reference was analyzed to confirm its relevance and data was extracted into the review. Additional
articles and grey literature reports were added to the database as they were identified. Grey literature was
limited to government and public health institution reports. Media sources and news briefs were not
considered reliable or detailed enough for inclusion. A snowball search was conducted which included crosschecking the reference lists of published reviews and relevant articles for relevant research omitted by the
search. As this is a rapid review, double screening or extraction from articles and a formal quality (risk of bias)
assessment was not conducted on the included studies. This review contains research published up until
August 21, 2020.
Prepared by: Tricia Corrin & Lisa Waddell. Emerging Science Group, PHAC. phac.emergingsciencesecretariatsecretariatdessciencesemergentes.aspc@canada.ca
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