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Abstract

Social contacts are a key transmission channel of infectious diseases spread by the respiratory or close-contact
route, such as COVID-19. There is no evidence, however, on the question of whether the nature and the organisation
of work affect the spread of COVID-19 in different countries. | have developed a methodology to measure country-
specific levels of occupational exposure to contagion driven by social contacts. | combined six indicators based on
Occupation Information Network (O*NET) and the European Working Condition Survey (EWCS) data. | then applied
them to 28 European countries, and found substantial cross-country differences in levels of exposure to contagion
in comparable occupations. The resulting country-level measures of levels of exposure to contagion (excluding
health professions) predict the growth in COVID-19 cases, and the number of deaths from COVID-19 in the early
stage of pandemic (up to eight weeks after the 100" case). The relationship between levels of occupational
exposure to contagion and the spread of COVID-19 is particularly strong for workers aged 45-64. | found that 20-
25% of the cross-country variance in numbers of COVID-19 cases and deaths can be attributed to cross-country
differences in levels of occupational exposure to contagion in European countries. My findings are robust to
controlling for the stringency of containment policies, such as lockdowns and school closures. They are also driven
by country-specific patterns of social contacts at work, rather than by occupational structures. Thus, | conclude
that measuring workplace interactions may help to predict the next waves of the COVID-19 pandemic.
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1. Introduction and motivation

During February and March 2020, the COVID-19 pandemic spread rapidly across Europe and around the world. By
28 April 2020, more than three million people had been infected, and 213,000 people had died.! Between 21
February (Italy) and 18 March (Latvia), all European countries recorded at least 100 cases of COVID-19.2

Non-pharmaceutical interventions, such as social distancing and regulatory limits on economic activity and the
mohility of people, have been introduced as necessary responses to the pandemic until a vaccine or a cure is
developed (Kissler et al., 2020; Leung et al., 2020). Measuring levels of social contact is critical for understanding
the spread of infectious diseases transmitted by the respiratory or close-contact route, such as COVID-19.
Moreover, it is important to recognise that workplace interactions constitute the majority of social contacts among
people of working ages (Kucharski et al., 2020; Mossong et al., 2008). For instance, there is evidence that the spread
of influenza is greater when employment levels are higher (Markowitz et al., 2019) and during economic booms
(Adda, 2016). It has also been shown that in China, social interactions between residents in Wuhan and other cities
played a more important role in the transmission of SARS-CoV-2 between cities than geographical distance (Qiu et
al., 2020). However, the intensity of social contacts may differ across occupations, sectors, and countries. An
important question that arises in this context is whether labour markets structures and the organisation of work in
various countries could have contributed to the transmission of COVID-19 in Europe.

In this paper, | study the occupational exposure to contagion at work, and assess the contribution of this exposure
to the spread of COVID-19 in European countries. The patterns of social contacts at work may be particularly
relevant for the spread of COVID-19 because of its potential for asymptomatic and presymptomatic transmission,
and because of the high basic reproduction number of SARS-CoV-2 (Li et al., 2020). As the median incubation period
of SARS-CoV-2 is estimated at approximately five days (Lauer et al., 2020), with the 95% confidence interval at
between two and 14 days (Linton et al., 2020), the spread of COVID-19 in the first couple of weeks of the epidemic
was most probably largely determined by infections that occurred before 1001 case in each country. Only a handful
of European countries introduced some form of workplace closures so early (Petherick et al., 2020). Figuring out
the role of labour markets in these infections is important for understanding the progress of the COVID-19
pandemic, as well as for preparing for its next waves.

My first contribution in this paper is to develop a methodology to measure country-specific levels of occupational
exposure to contagion spread by social contacts. | combine occupational indicators based on Occupation
Information Network (O*NET) and European Working Condition Survey (EWCS) data. | use two O*NET variables that
measure levels of occupational (1) exposure to disease or infections and (2) physical proximity at work; and four
EWCS variables that measure the incidence of (3) dealing with clients, pupils, or patients; (4) working in public
spaces; (5) working at the clients’ premises; and (6) not being able to work from home. Importantly, the EWCS data
allow me to capture the cross-country differences, including within comparable occupations. To my knowledge, my
index of occupational exposure to contagion is the first to allow for within-occupation differences between
countries. Indices developed by Markowitz et al. (2019) or Béland et al. (2020) used only O*NET data which are
available just for the US, and were used to study only the US labour market.

! All data on COVID-19 cases and deaths used in this paper come from the Center for Systems Science and Engineering (CSSE) at Johns
Hopkins University (JHU) database.
2 Due to the data availability, | focus on the EU member states, Iceland, Norway, Switzerland, and the United Kingdom.
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| find substantial differences in levels of exposure to contagion of workers in comparable occupations in different
countries. Specifically, the results show that workers in Southern European countries, France, Switzerland, Sweden,
and the UK face the highest levels of exposure to contagion; while workers in Central Eastern European countries
face the lowest levels of exposure. | also observe noticeable differences between occupations, with health
professionals and personal service workers facing the highest levels of exposure to contagion; and agricultural
workers, plant and machine operators, as well as information and communications technology, business, and
administration professionals facing the lowest levels of exposure.

My second contribution in this study is to quantify the role of occupational exposure to contagion in the spread of
COVID-19 in Europe. To do so, | estimate a range of cross-country regressions that relate the growth in COVID-19
cases and the number of deaths from COVID-19 to levels of occupational exposure to contagion, and to the share
of highly exposed workers in particular countries. When calculating the country-level indicators of exposure, |
exclude health professions. This ensures that my indicators are not affected by confounders that may also affect
the spread of the epidemic, such as the age structure of the population or public choices regarding the health care
system. Using employment data from 2015-2018, my indicators reflect the secular features of particular labour
markets, and are plausibly exogenous to the spread of COVID-19, as well as to the containment policies introduced
in various countries.

| find that higher levels of occupational exposure to contagion were associated with faster growth in COVID-19
cases and larger numbers of deaths. My results are robust to controlling for the stringency of containment policies,
such as lockdowns and school closures, and for population density. The relationship between countries’ levels of
occupational exposure to contagion and the growth in COVID-19 cases is shown to be particularly strong in the first
two weeks after the 100" case in each country, and to wane over time. However, the relationship with the number
of deaths is found to be the strongest over four weeks after the 100" case. Both of these relationships are
quantitatively important: | attribute about 20-25% of the cross-country variance in the growth of cases or in the
number of deaths from COVID-19 to cross-country differences in levels of occupational exposure to contagion. The
contribution of differences in the containment policies implemented in various countries is of a comparable size.
Importantly, the effects associated with occupational exposure are driven by country-specific patterns of social
contacts at work rather than by occupational structures. My results are consistent with the clinical and
epidemiological evidence on COVID-19. As the median time delay from infection to onset of the illness is about five
days, and the median time delay to death is additional 13-17 days (Linton et al., 2020), the growth in cases and in
the number of deaths in the early stage of the epidemic are likely to be determined by infections that happened
when the number of positive tests was still very low, and mobility was unrestricted. My findings show that cross-
country differences in the patterns of social contacts at work could have contributed to differences in the severity
of the COVID-19 epidemic across European countries.

In the second section, | outline my methodology for measuring country-specific levels of occupational exposure to
contagion. | also present the econometric methodology | use. In the third section, | discuss cross-country
differences in levels of exposure to contagion, and characterise the workers who are most exposed to contagion.
In the fourth section, | examine the relationship between levels of occupational exposure to contagion and the
spread of COVID-19 in European countries. The fifth section concludes.



2. Methodology and data

2.1 Measurement of the occupational exposure to contagious diseases

The concept of my index of occupational exposure to contagious diseases is similar to a job-exposure matrix (JEM)
often used in occupational medicine to assess exposure to potentially hazardous agents in large populations
(Nieuwenhuijsen, 2009). In order to create it, | combine Occupation Information Network (O*NET) and European
Working Condition Survey (EWCS) data. The O*NET database provides detailed and periodically updated
descriptions of the specific work activities and job demands associated with each occupation in the US. It provides
information for finely disaggregated occupations, and can be used to measure nuanced differences between
occupations. However, the O*NET data are available only for the US, and are based on expert assessments or small
survey samples. Thus, applying these data to other countries requires the assumption that occupations in different
countries are identical.® The EWCS data include broader definitions of occupations (two-digit ISCO-08 codes),* but
are collected in a large number of European countries. Hence, they allow for the measurement of cross-country
differences in the nature of work in comparable occupations. Indeed, the EWCS is a primary data source for
studying what Europeans do at work (Fernandez-Macias et al., 2016). | use the most recent releases of these
dataset: O*NET 2018 and EWCS 2015.°

| have selected six variables that measure social contacts, the mixing patterns of people in the workplace, and the
occupational hazards related to contact with disease, which are critical factors for the spread of infectious diseases
transmitted by the respiratory or close-contact route. These variables are occupational (1) exposure to disease or
infections (O*NET); (2) physical proximity at work (O*NET); (3) dealing with clients, pupils, or patients (at least
around half of the time, EWCS); (4) working in public spaces (at least several times a month, EWCS); (5) working at
the clients' premises (at least several times a month, EWCS); and (6) not working from home (working from home
no more than a few times a year; EWCS).

The O*NET variables are defined according to importance scales (one to five) at the occupation level. The EWCS
variables are defined as binary variables at the worker level, so | calculate their averages at the country-occupation
level. To ensure their comparability, | apply the minmax normalisation to each indicator x;,.:

xirtl: = (x = Xmin)/ Cmax — Xmin), (])

where X,,in and Xp,q, are the minimum and maximum values of indicator x;. across all occupations i and
countries ¢, and x;%. € (0, 1) is the normalised indicator.

Combining indicators based on O*NET and EWCS data provides complementary information about various facets
of work. While the two indicators based on O*NET are strongly correlated (0.72 in the pooled sample), the
correlations between the O*NET indicators and particular indicators based on the EWCS data are moderate or small
(maximum of 0.47). The correlations between particular EWCS indicators are small (maximum of 0.41).

% Such an assumption is often made, for instance when the 0*NET data are used to study the task content of jobs and occupational demands
related to technology (Goos et al., 2014, Hardy et al., 2018).

*| have used 2-digit ISCO disaggregation if the number of observations in an occupation is higher than 15, and 1-digit disaggregation
otherwise.

5 The EWCS is conducted every five years. The next wave is supposed to be conducted in 2020.
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Finally, I calculate the average of these normalised indicators to obtain the index of exposure to contagion, ETC;, €
(0, 1), in occupation i and country c. | assign equal weight to each indicator. A higher value of the index indicates
greater exposure to contagion in the workplace.

Table 1. The pairwise correlation matrix between particular indicators and the index of occupational exposure to
contagion

Dealing with o .
Ex_posure to Physical clients, Workmg n W°r.k'"9,at Working not  Exposure to
disease or e . public clients .
infections p(gJ*xl\lngt)y pUI?[!|S, to ' spaces premises fr(()lgnwféosr;]e C(z.n tjgu))n
patients index
(O*NET) (EWCS) (EWCS) (EWCS)
Exposure to
disease or 1
infections
Physical 0.72 1
proximity
Dealing with
clients, pupils, 0.37 0.47 1
or patients
Working in 0.03 0.05 0.25 1
public spaces
Working at
clients' 0.00 -0.05 -0.03 0.42 1
premises
Working not 0.14 0.40 0.08 013 012 1
from home
Exposure to
contagion 0.73 0.83 0.63 0.41 0.31 0.35 1
(index)

Source: Own calculations on O*NET, EWCS, and EU-LFS data.

Next, | merge the index of occupational exposure to contagion with the worker-level EU-LFS data that provide the
most accurate estimates of occupational structures in the European countries.®

In order to study the relationship between countries’ occupational exposure to contagion and the spread of COVID-
19, I define two country-level variables: (1) the country-level average exposure to contagion, ETC,; and (2) the share
of workers who are highly exposed to infectious diseases, HETC,, defined as workers in occupations and countries
in which the value of ETC;,. is above the European median (calculated with standardised weights that give every
country the same total weight).

Importantly, | exclude health professionals (ISCO 22) and associate health professionals (ISCO 32) when calculating
the country-level measures of exposure to contagion. The employment shares of health professions are probably
endogenous to the factors that may affect the spread of infectious diseases, such as the share of older people in
the population, or public choices regarding public health. By excluding health professions from the calculation of
country-level measures, | am able to construct variables that are plausibly exogenous to the state of public health
and to demographic factors that may affect the spread of COVID-19.

8| use the 2018 EU-LFS data, which are the most recent data available at the time of writing.
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2.2 Dataon COVID-19 cases, policy responses, and other country-level variables

In order to measure the spread of COVID-19, | use data provided by Johns Hopkins CSSE.” For each country c, |
define the date on which 100 confirmed cases were recorded for the first time. | calculate the average daily growth
rate of cases, g&, in period t: over the next {1,2,4, 5 to 8} weeks after the 100" case. | also calculate the number
of deaths due to COVID-19 recorded in these periods, d&. As | study the early stage of the pandemic, | focus on the
number of cases and deaths rather than their population rates.

In order to quantify the containment policy responses to the pandemic, | use data from the Oxford COVID-19
Government Response Tracker (OXCGRT, Hale et al., 2020).8 | use the stringency index proposed by Petherick et al.
(2020). Following Abaluck et al. (2020), | control for the average policy stringency over a week, p¥, and over a
month, p2, following the 100" case in a given country.

| also use two country-level measures of potential social contacts. First, | use population density data provided by
Eurostat. Second, | use the mean of the number of reported social contacts calculated on the basis of the POLYMOD
survey conducted in eight European countries (Mossong et al., 2008) which are commonly used to calibrate
compartmental, epidemiological models.

My final sample for cross-country regressions includes 28 countries for which reliable data on the occupational
exposure to contagion, COVID-19 cases and deaths, and OxCGRT policy indicators are available.

2.3 Econometric methodology

In order to characterise the differences in the exposure to contagion across occupations and countries, | regress
the exposure to contagion of worker i in occupation j and country ¢, ETCj;., against occupation fixed effects, y,,
and country fixed effects, A.:

ETCjic = Bo + Vo + Ac + &ijc (1)

In order to analyse the differences between various socio-economic groups in the exposure to contagion and the
probability of working in a highly exposed occupation, | estimate linear OLS (2) and logistic (3) regressions:
ETCjiC = ,80 + BIX] + AC + Sijc (2)
PI‘(HETCJLC = 1) = F(BO + BIX] + AC + gijc) (3)

Z . . . .
where F(Z) = ;7 and X; is a vector of personal and workplace characteristics (sex, age, education, contract

type, and firm size).

Finally, in order to study the relationship between the spread of COVID-19 and the occupational exposure to
contagion, | estimate a range of OLS regressions:

T https://qithub.com/CSSEGISandData/COVID-19/tree/master/csse_covid_19_data/csse_covid 19 time_series, accessed on 16 July 2020.
8 https://raw.githubusercontent.com/OxCGRT/covid-policy-tracker/master/data/OxCGRT latest.csv, accessed on 16 July 2020.
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yt = By + contagion, + policy, + population density. + €, (4)

where, yt € {gt, dt} are the measures of COVID-19 spread (the growth rate of cases and the number of deaths)
over the period t, contagion € {ETC., HETC_} represents measures of occupational exposure to contagion,
policy, is a measure of containment policies in country c. | also control for population density to isolate the effect
of occupational exposure to contagion from the effect of general exposure to social contacts.

Having estimated the models, | assess the role of the occupational exposure to contagion and containment policies
in explaining the cross-country differences in the spread of COVID-19 in Europe. | use the estimated coefficients to
decompose the variance of each dependent variable, g&, into the contributions of particular explanatory variables.
| use the covariance-based decomposition proposed by Morduch and Sicular (2002). Formally, the contribution of
a variable, x, to the cross-country variance of g¢ is defined as follows:

_ cov(Bere . gt) 5

o =
*g¢ var(gt)

3. Occupational exposure to contagion in European countries -
descriptive results

3.1  The differences between occupations and countries in the exposure to contagion

| find substantial differences between various occupations and countries in the exposure to contagion. To quantify
these differences, I regress the exposure against occupation and country fixed effects (model 1).

Health professionals, associate health professionals, and personal care workers are found to be the most exposed
occupations (Figure 1). Health professions are characterised by having high levels of exposure to infection, large
numbers of social contacts, and close physical proximity at work, as shown by the estimates pertaining to particular
indicators (Figures AT-A6 in Appendix A). However, personal service workers, protective service workers, sales
workers, and building and related trade workers also face rather high levels of exposure to contagion. These are
middle- or low-skilled occupations that frequently require workers to have contact with clients and to work at the
customers’ premises or in public spaces, while only rarely allowing employees to work from home (Figures A1-A6).

Three groups of occupations stand out as being the least exposed to infectious diseases. The first group is made
up of farmers and agricultural workers, who can easily avoid physical proximity and social contact with clients, and
who are often working at a home (or on a farm). The second group consists of plant and machine operator, and
assemblers, who rarely have contact with clients, or who work in public spaces or at the clients’ premises. However,
these two groups work in above-average physical proximity to other workers, and do not work from home. The third
group is made up of information and communication technology, business, and administration professionals; i.e.,
workers in high-skilled occupations that do not involve many social contacts or close physical proximity, do not
require employees to work in public spaces, and can often be performed at home (Figures A1-A6).



Figure 1. Differences in levels of exposure to contagion across two-digit ISCO occupations in Europe.

Administrative and commercial managers — —ﬁ_
Production and specialised services managers —
Hospitality, retail and other services managers — -
Science and engineering professionals — -
Health professicnals —| ——
Teaching professicnals = @
Business and administration professionals — -
Information and communications technology professionals — ——
Legal, social and cultural professionals — &
Science and engineering associate professionals — ——
Health associate professicnals =
Business and administration associate professionals — -2
Legal, social, cultural and related associate professionals — E 3
Informaticn and communications technicians —|
General and keyboard clerks — &
Customer services clerks —
Numerical and material recarding clerks — -
Other clerical support workers
Personal service workers — &
Sales workers — L 2
Personal care workers —| ——
Pratective services warkers — -
Market-oriented skilled agricultural workers — ——
Iarket-oriented skilled forestry, fishery and hunting workers — &
Subsistence farmers, fishers, hunters and gatherers = -9
Building and related trades workers, excluding electricians = -9
Metal, machinery and related trades workers —
Handicraft and printing workers — -
Electrical and electronic trades workers — -9
Food processing, wood working, garment and other craft and related trades workers — -9
Stationary plant and machine operators — &
Assemblers — -
Drivers and mobile plant operators
Cleaners and helpers <
Agricultural, forestry and fishery labourers — ——
Labourers in mining, censtruction, manufacturing and transport =

-8
-
-
Foad preparation assistants — re-
-
-
0

Reference: Chief executives, senior officials and legislators

Street and related sales and service workers —
Refuse workers and other elementary workers —

2 4

Note: The coefficients are estimated in a worker-level model on the index of exposure to contagion against occupation fixed
effects and country fixed effects, with standardised weights. Sample size 1,490,730. Reference groups: chief executives,
senior officials, and legislators (ISCO 11), Germany. Standard errors clustered at the country x occupation level.

Source: Own estimation on the basis of EU-LFS, EWCS and O*NET data.

Figure 2. Differences in levels of occupational exposure to contagion across European countries.
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Reference: Germany

Note: The coefficients are estimated in a worker-level model on the index of exposure to contagion against occupation fixed
effects and country fixed effects, with standardised weights. Sample size 1,490,730. Reference groups: chief executives,
senior officials, and legislators (ISCO 11), Germany. Standard errors clustered at the country x occupation level.

Source: Own estimation on the basis of EU-LFS, EWCS and O*NET data.



Importantly, | find noticeable cross-country differences in levels of exposure to contagion among workers in the
same occupations. Workers in Southern European countries, France, Switzerland, Sweden, and the UK face the
highest levels of exposure, while workers in Central Eastern European countries face the lowest levels of exposure
(Figure 2). These differences are driven by cross-country differences in the facets of work that | measure using the
EWCS data. Workers in Southern European countries, France, and the UK exhibit high levels of social contact with
clients, students, or patients; and they rarely work from home (Figure A7). Workers in Nordic countries also
frequently work in public spaces or at the clients’ premises (Figure A8), but they also work from home relatively
often (Figure A10). On the other hand, compared to workers in Western European countries, workers in Central and
Eastern European countries deal with clients, pupils, or students and work at the clients’ premises much less
frequently, (Figures A7, A9), although they also work from home less often (Figure A10).

3.2  The socio-economic characteristics of workers exposed to contagion

Here, | estimate a linear OLS model and the logit model to characterise the correlates of occupational exposure to
contagion, and of the probability of working in a highly exposed occupation, respectively. The results are presented
in Table 2.

Female workers face higher levels of exposure to contagion than male workers, and are also by 7 pp. more likely to
work in the highly exposed occupations.® Moreover, the levels of occupational exposure to contagion are the
highest for younger workers, especially those aged 15-34; and are the lowest for older workers, especially those
aged over 65. Higher levels of exposure to contagion are also related to lower levels of educational attainment.
However, in terms of the likelihood of working in highly exposed occupations, it is only the tertiary educated workers
who stand out as having a significant, by 13 pp. lower risk than less educated workers. Compared to single workers,
workers who are married or in a relationship are by 10 pp. less likely to work in highly exposed occupations. Workers
with temporary contracts exhibit higher levels of exposure than workers with permanent contracts, but the effect
is small, and they are not more likely to work in highly exposed occupations. The presented evidence shows that
the workers who are more exposed to contagion are those with weaker labour market positions: i.e., these workers
are disproportionately likely to be less educated, young, female, and employed with a temporary contract.

% Note that | do not control for occupational nor sectoral fixed effects, as | am interested in describing how the patterns of occupational and
sectoral gender segmentation (Jarman et al., 2012) translate into differences in levels of occupational exposure to contagion.
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Table 2. The individual and workplace correlates of occupational exposure to contagion

Probability of working in a highly exposed

ional exposur ntagion . .
Occupational exposure to contagio occupation (marginal effects)

Female 0.047%%* 0.069%**
(0.007) (0.019)
Married / in relationship 0.000 -0.010%*
(0.007) (0.004)
Age 15-24 0.023%* 0.0977x*
(0.004) (0.013)
Age 25-34 0.008*** 0.026%**
(0.007) (0.005)
Age 45-54 -0.001 -0.077%%*
(0.007) (0.004)
Age 55-65 0.001 -0.027 %%+
(0.002) (0.007)
Age 65-74 -0.014 -0.052%%*
(0.017) (0.020)
Education: Primary or less -0.028** 0.011
(0.012) (0.040)
Education: Lower secondary -0.079%** -0.007
(0.007) (0.019)
Education: College or higher -0.032%*% -0.134%x%
(0.009) (0.023)
Temporary contract 0.077*** 0.014
(0.005) (0.012)
Country fixed effects Yes Yes
R2 / pseudo R2 0.082 0.048
Observations 1582 646 1582 646

Note: The coefficients estimated in pooled regressions are estimated in a worker-level model with standardised weights, which gives each
country equal importance. Reference groups: male, ages 34-45, upper secondary education, firm size up to 10 workers, Germany. Results for
firm size are available upon request. Standard errors clustered at country x occupation level.

Source: Own estimation on the basis of EU-LFS, EWCS and O*NET data.

3.3  Cross country differences in the occupational exposure to contagion and
containment policy

| exclude the health professions (ISCO 22 and ISCO 32) from the remainder of my analysis, in particular from the
calculation of country-level indicators and from the econometric analysis. This allows me to measure the
differences in the levels of exposure to contagion in jobs that generally are not tailored to dealing with contagion.

The cross-country differences found in the average level of exposure to contagion, as well as in the share of workers
in highly exposed jobs, are consistent with the within-occupation differences discussed above. The Southern
European countries, the Nordic countries, and the United Kingdom exhibit the highest average exposure levels,
while the Central and Eastern European countries exhibit the lowest average exposure levels (Figure 3). The
Southern European countries also stand out as having the largest shares of workers who are highly exposed to
contagion. Interestingly, in the Nordic countries, these shares are moderate in size, which suggests that the high
average exposure level in those countries is related to the relatively high exposure levels across all occupations,
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rather than to the presence of occupations that are very highly exposed. The opposite is shown to be the case for
some Central and Eastern European countries and some Balkan countries, as well as for Switzerland and Austria.

Figure 3. Cross country differences in the occupational exposure to contagion and containment policy.
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There are also noticeable cross-country differences in the stringency of containment policies introduced in the early
stage of the epidemic. The Central and Eastern European countries implemented relatively more strict policies,
while the Western continental countries, the United Kingdom, Spain and Sweden implemented rather lax
containment policies (Figure 3).

4. Econometric results and discussion

41  The growth of COVID-19 cases

Next, | present the results of estimated cross-country models (4) that relate the spread of COVID-19 to occupational
exposure to contagion, while controlling for the stringency of containment policies and population density.

| find a positive, significant relationship between the level of occupational exposure to contagion and the growth in
COVID-19 cases in European countries (Table 3). This relationship is robust to controlling for the stringency of
containment policies and population density. The effects pertaining to the share of workers in highly exposed jobs,
HETC,, are stronger than the effects pertaining to the average exposure, ETC,. Moreover, the former are
significant for all time horizons, while the latter are significant only for the growth in cases over seven days. My
findings suggest that the incidence of workers who have particularly high numbers of social contacts due to
meetings with clients, pupils, or patients, or due to working in public spaces or at the clients’ premises, may be
more relevant for the spread of SARS-CoV-2 than the average levels of such activities in a particular labour market.

Table 3. The effects of occupational exposure to contagion on COVID-19 case growth (in pp)

1 week 2 weeks 4 weeks Weeks 5-8
after the 100" case after the 100" case after the 100" case after the 100" case
Country-level occupational exposure to contagion
ETC 0.052%** 0.045%** 0.0477%** 0.026* 0.029%** 0.014 0.004 0.000
(0.017) (0.016) (0.012) (0.014) (0.009) (0.017) (0.003) (0.003)
R2 0.321 0.375 0.282 0.456 0.246 0.521 0.087 0.349
Share of workers highly exposed to contagion
HETC 0.048%x+ 0.038%  0.049%*+ 0.037*%  0.036**  0.026%*  0.006***  0.004**
(0.014)  (0.017)  (0012)  (0013)  (0.009)  (0.009)  (0.002)  (0.002)
R2 0.272 0.358 0.405 0.583 0.382 0.647 0.180 0.425
Congi'l?ony‘e”t N Y N Y N % N Y
P%‘;‘:}':&'yon N Y N Y N % N Y
No. of obs. 28 28 28 28 28 28 28 28

Note: ETC - average exposure to contagion; HETC - share of workers highly exposed to contagion. In the regressions pertaining to weeks 1, 2,
and 4, | use the average strictness of containment policy over 7 days after the 100" case in each country. In the regressions pertaining to weeks
5 to 8, | use the average strictness of containment policy over 30 days after the 100" case (results of regressions using the average of
containment policy averaged of over 7 days consistent with these presented and are available upon request).

**%n<0.01, ** p<0.05, * p<0.1. Robust standard errors in parentheses.

Source: Own estimation on the basis of EU-LFS, EWCS, O*NET, John Hopkins CSEE, and OxCGRT data.
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As the time horizon expanded and countries tightened their containment measures, the contribution of labour
market interactions waned while the role of containment policies increased.’ This is shown by the regression-
based decompositions of cross-country variance in the growth in cases (Figure 4). In the first seven days after the
100™ case in each country, 28% of variance in the growth in cases can be attributed to the cross-country differences
in the average levels of occupational exposure to contagion, while only 4% can be attributed to the differences in
containment policies. As the time horizon expands, the contribution of occupational exposure declines (12% over
the first four weeks, and no contribution in the following four weeks of the epidemic in each country). In the model
in which I include the share of highly exposed workers, the highest contribution is recorded over the first two weeks
after the 100" case in each country (31%). It declines to 27% in the first four weeks, and 12% in the following four
weeks. In both specifications, the contribution of containment policy increases as the time horizon expands, to 20-
25% over the first four weeks and the following four weeks. The contribution of differences in population density is
about 10% across all time horizons considered.

In the first two weeks after the 100" case, the growth in the number of COVID-19 positive tests was largely
determined by the infections that occurred before the 100" case. Thus, my findings suggest that international
differences in patterns of labour market interactions could have contributed to the differences in the numbers of
such infections across European countries.

Figure 4. Regression-hased decomposition of the cross-country variance of the average daily growth of COVID-19 cases,
by period after the 100th case in each country (in % of variance).

60 60
40 40
) I I I I ) I I
0 0
1 week 2 weeks 4 weeks weeks 5-8 1 week 2 weeks 4 weeks weeks 5-8
Population density Population density
B Containment policies B Containment policies
| Country-level exposure to contagion W Share of highly exposed workers

Note: The variance decompositions are based on the models presented in Table 3, calculated in line with equation (5).
Source: Own estimation on the basis of EU-LFS, EWCS, O*NET, John Hopkins CSEE, and OxCGRT data.

Next, | examine whether the effects differ between subpopulations. To do so, | focus on the share of workers in
highly exposed occupations, HETC,, which | have just found to be a more relevant measure of exposure. The
results for the group-specific average occupational exposure, ETC,, are comparable to those presented in Tables
3-4, and are available upon request.

| find important differences between age groups. The relationship between the share of highly exposed workers
and the spread of COVID-19 is noticeably stronger for older workers than for prime-aged and young workers (Table
4). Itis most pronounced for workers aged 45-54, followed by for workers aged 55-64. The cross-country differences
in the share of highly exposed workers in these two age groups contribute more to the variance in COVID-19 growth

19 For clarity of presentation, | do not show the estimated coefficients pertaining to policy variables. They are available upon request.
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rates than the cross-country differences in containment policies (Figure 8). For workers aged 35-44, the relationship
with the growth in COVID-19 cases is also significant, but is weaker than the effects for older workers. On the other
hand, the coefficients pertaining to the share of highly exposed workers among young workers (15-24) are
insignificant (Table 4), and their resulting contributions to the variance in the growth in COVID-19 cases are
noticeably smaller than the contributions of older groups and the overall contribution (Figure 5).

Table 4. The effects of age-specific occupational exposure to contagion on COVID-19 case growth in Europe

1 week 2 weeks 4 weeks Weeks 5-8
after the 100" case after the 100" case after the 100" case after the 100" case
Share of workers highly exposed to contagion among workers aged 15-24
HETC, 0.037** 0.024 0.025* 0.005 0.017 -0.001 0.003 -0.007
15-24 (0.017) (0.021) (0.013) (0.014) (0.010) (0.017) (0.003) (0.003)
R2 0.160 0.255 0.106 0.377 0.086 0.478 0.050 0.354
Share of workers highly exposed to contagion among workers aged 25-24
HETC, 0.036% 0.031 0.037** 0.031** 0.027** 0.022%* 0.005%* 0.004**
25-34 (0.020) (0.019) (0.017) (0.014) (0.013) (0.010) (0.002) (0.002)
R2 0.150 0.312 0.231 0.536 0.206 0.612 0.107 0.422
Share of workers highly exposed to contagion among workers aged 35-44
HETC, 0.039% 0.034* 0.043** 0.037%** 0.032%* 0.027%** 0.006** 0.005%*
35-44 (0.019) (0.017) (0.016) (0.013) (0.012) (0.009) (0.002) (0.002)
R2 0.178 0.338 0.312 0.606 0.298 0.686 0.146 0.480
Share of workers highly exposed to contagion among workers aged 45-54
HETC, 0.049%*  0.041%*  0.052%%*  0.043**  0.039%**  0.030***  0.006***  0.005*
45-54 (0.013) (0.014) (0.010) (0.010) (0.008) (0.006) (0.002) (0.002)
R2 0.286 0.391 0.466 0.666 0.429 0.716 0177 0.460
Share of workers highly exposed to contagion among workers aged 55-64
HETC, 0.050%** 0.040%* 0.052%%*  0.040%*  0.040%*  0.029%*  0.008***  0.005**
65-64 (0.011) (0.016) (0.009) (0.012) (0.007) (0.008) (0.002) (0.002)
R2 0.298 0.362 0.468 0.604 0.472 0.679 0.269 0.464
Congi'l?or;e”t N Y N Y N % N Y
Population
density N Y N Y N Y N Y
No. of obs. 28 28 28 28 28 28 28 28

Note: ETC - average exposure to contagion; HETC — share of workers highly exposed to contagion. In the regressions pertaining to weeks 1, 2,
and 4, | use the average strictness of containment policy over 7 days after the 100" case in each country. In the regressions pertaining to weeks
5 to 8 | use the average strictness of containment policy over 30 days after the 100" case (results of regressions using the average of
containment policy averaged of over 7 days consistent with these presented and are available upon request).

**%n<0.01, ** p<0.05, * p<0.1. Robust standard errors in parentheses.

Source: Own estimation on the basis of EU-LFS, EWCS, O*NET, John Hopkins CSEE, and OxCGRT data.
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Figure 5. Regression-based decomposition of the cross-country variance in the average daily growth of COVID-19 cases,
using age-specific shares of workers highly exposed to contagion, by period after the 100th case in each country (in % of
variance).
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Note: The variance decompositions are based on the models presented in Table 4, calculated in line with equation (5). To save

space, | do not show the results for the 15-24 age group, for whom the contribution of exposure variable to the variance is close

to zero; these results are available upon request.

Source: Own estimation on the basis of EU-LFS, EWCS, O*NET, John Hopkins CSEE, and OxCGRT data.
On an individual level, older people are less likely to be working in the highly exposed occupations (Table 2).
The strong relationship between the level of occupational exposure to contagion among older workers and the
spread of COVID-19 is related to the observation that in countries with higher shares of highly exposed workers,
these workers tend to be older. The correlation between the share of highly exposed workers and the average ages
of these workers in a country is positive (0.18), while the correlation between this share and the average age of all
workers in a country is zero (-0.01). My findings are consistent with evidence that people aged 50-59 are particularly
likely to get sick and transmit the virus, and that people aged 60 or older are the most likely to be severely ill when
infected with SARS-CoV-2 (Goldstein et al., 2020).

Importantly, | find that the effect of occupational exposure to contagion on the spread of COVID-19 is driven by
cross-country differences in the nature of work within particular occupations, rather than by differences in
occupational structures. This observation is confirmed by the regression results based on the assumption that
occupations are identical across countries (Table B1 Appendix B). If | use occupational averages of my indicators
(calculated across countries) instead of country-specific values of exposure to contagion, | find no significant effect
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of levels of exposure on COVID-19 spread. Hence, these are the country-specific patterns of social contacts at work
that matter most, and that drive the results described above.

As a robustness check, | change the definition of highly exposed workers to workers who belong to the top 40% of
the joint distribution of levels of occupational exposure to contagion across all countries (using standardised
weights), instead of the top 50%. After re-estimating the models, | obtained comparable coefficients and the same
conclusions. The results are presented in Tables B2-B3 in Appendix B.

Finally, although I control for the stringency of containment policies, many other factors cannot be controlled for
in a cross-country study like this one. Therefore, | test whether potential key confounders can explain the identified
relationship between the levels of occupational exposure to contagion and the spread of COVID-19 in Europe. |
focus on social contacts, measured by the number of average daily social contacts reported by Mossong et al.
(2008). | re-estimate model (4) using this variable instead of levels of occupational exposure to contagion. The data
on the average number of social contacts reported by Mossong et al. (2008) are available for eight countries only.™
Considering this small sample size, these results should be treated as indicative. Nevertheless, they indicate that
there was no significant relationship between the average number of social contacts and the growth in COVID-19
cases up to the first four weeks of epidemic in each country. At the same time, a significant relationship is found
between the share of highly exposed workers and the growth in COVID-19 cases in the same country sample (Table
B4 in Appendix B). At a later stage of the pandemic (weeks five to eight), both the average number of social contacts
and the share of workers in highly exposed occupations are modestly and positively related to the growth in the
number of cases. In general, the occupational exposure to contagion turns out to be a better predictor of the spread
of COVID-19 than the average number of social contacts.'

4.2  The number of deaths from COVID-19

In this subsection, | repeat the analysis by focusing on the number of deaths from COVID-19 rather than on the
number of cases. While the number of cases is a more intuitive measure of the epidemic spread, testing rates and
the rules that define the classification of cases may vary between countries, and measurement error may affect
the data on cases. Therefore, deaths may be measured more precisely than case numbers.

Findings on the importance of levels of occupational exposure to contagion are confirmed. Across European
countries, higher levels of occupational exposure to contagion were significantly and positively related to the
number of deaths from COVID-19, even after controlling for the stringency of containment policies (Table 5). The
effects are again shown to be the strongest for workers aged 45-54 and 55-64, and to be insignificant for workers
aged 15-24 and 25-34.

! These are: Belgium, Finland, Germany, Italy, Luxembourg, Netherlands, Poland, United Kingdom.

12 The data reported by Mossong et al. (2008) were collected in 2006-2007, but are likely to be a good proxy of the current patterns of social
contacts. Klepac et al. (2020) used recently collected data for the UK to show that the patterns of social contacts have remained remarkably
stable over time, except for teenagers, among whom the number of social contacts has declined.
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Table 5. The effects of occupational exposure to contagion on the number of deaths from COVID-19, by period

1 week 2 weeks 4 weeks Weeks 5-8
after the 100" case after the 100" case after the 100" case after the 100" case
Country-level occupational exposure to contagion
ETC 2.52 3.67 36.13* 40.02 798.75* 722.65 3024.78**  2229.36*
(1.72) (2.12) (19.62) (2479)  (42301)  (44481)  (1179.56) (1230.86)
R2 0.097 0.197 0.161 0.207 0.207 0.234 0.201 0.289
Share of workers highly exposed to contagion
HETC 2.66* 2.85 36.88* 34.54*% 813.23* 695.45 3022.20**  2363.33*
(1.50) (1.73) (18.06) (19.64)  (42850)  (415.46)  (1148.06)  (1194.03)
R2 0.108 0.163 0.168 0.195 0.214 0.251 0.201 0.325
Share of workers highly exposed to contagion among workers aged 15-24
HETC, 0.91 1.41 15.79 12.33 354.36 117.78 1259.44 -186.72
15-24 (1.16) (1.16) (12.48) (13.14) (263.07)  (222.08)  (881.88)  (965.68)
R2 0.013 0.076 0.031 0.079 0.041 0.116 0.035 0.211
Share of workers highly exposed to contagion among workers aged 25-24
HETC, 217 24 32.47* 32.21 678.76 619.74 2226.23*  2028.68*
25-34 (1.60) (1.73) (18.90) (1959)  (41487)  (37893)  (114859) (1112.21)
R2 0.072 0.139 0.130 0.188 0.149 0.232 0.109 0.300
Share of workers highly exposed to contagion among workers aged 35-44
HETC, 291* 2.76 37.26* 34.62* 785.13* 722.36%  2811.85**  2691.63**
35-44 (1.57) (1.72) (19.16) (19.47) (431.05)  (41066)  (1233.41) (1226.87)
R2 0.129 0.168 0.171 0.210 0.200 0.278 0.174 0.366
Share of workers highly exposed to contagion among workers aged 45-54
HETC, 3.25%* 3.17* 41.21%* 37.83* 896.35* 801.30%  3334.78*** 2029.716**
45-54 (1.48) (1.74) (18.38) (19.95) (441.99)  (443.09) (1116.65)  (1147.50)
R2 0.162 0.195 0.210 0.228 0.260 0.305 0.244 0.388
Share of workers highly exposed to contagion among workers aged 55-64
HETC, 2.65* 2.93 36.65* 34.52* 842.89* 724.4 3423.41%%*  2685.09**
55-64 (1.50) (1.73) (18.07) (19.56)  (438.82)  (438.62)  (1211.17)  (1247.06)
R2 0.107 0.163 0.166 0.188 0.230 0.255 0.257 0.351
Congi'l?ony‘e”t N Y N Y N Y N Y
Population
density N Y N Y N Y N Y
No. of obs. 28 28 28 28 28 28 28 28

Note: ETC — average exposure to contagion; HETC — share of workers highly exposed to contagion. In the regressions pertaining to weeks 1, 2,
and 4, | use the average strictness of containment policy over 7 days after the 100" case in each country. In the regressions pertaining to weeks
5 to 8, | use the average strictness of containment policy over 30 days after the 100" case (results of regressions using the average of
containment policy averaged of over 7 days consistent with these presented and are available upon request).

**%n<0.01, ** p<0.05, * p<0.1. Robust standard errors in parentheses.

Source: Own estimation on the basis of EU-LFS, EWCS, O*NET, John Hopkins CSEE, and OxCGRT data.
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Figure 6. Regression-based decomposition of the cross-country variance in the number of deaths from COVID-19, by
period after the 100th case in each country (in % of variance).
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Note: The variance decompositions are based on the models presented in Table 5, calculated in line with equation (5). To save
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are available upon request.
Source: Own estimation on the basis of EU-LFS, EWCS, O*NET, John Hopkins CSEE, and OxCGRT data.
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Importantly, the contribution of levels of occupational exposure to contagion to the cross-country variance in the
number of deaths was increasing with time (Figure 6). The contribution of containment policies was also increasing
with time but at all time horizons it was noticeably smaller than the contribution of occupational exposure. Overall,
my models explain a larger share of the variance in the number of deaths recorded in the weeks 5-8 after the 100"
case than in the number of deaths recorded in the first four weeks after the 100" case. My results are consistent
with the clinical and epidemiological evidence on COVID-19: the median time delay from the onset of the illness to
death is estimated at 13-17 days (Linton et al., 2020), and there is a lag of approximately three weeks between the
start of social distancing and the peak of critical care demand (Kissler et al., 2020). Hence, the number of deaths
in the first few weeks of the epidemic was largely driven by infections that occurred when the number of confirmed
cases was still relatively low. My findings show that the cross-country differences in the patterns of social contacts
at work could have contributed substantially to the differences in the severity of the COVID-19 epidemic across
European countries.

5. Summary and conclusions

Inthis paper, | have developed a methodology to measure levels of occupational exposure to contagion, in particular
to contagion by infectious diseases transmitted by the respiratory or close-contact route, such as COVID-19. | have
combined six indicators based on the Occupation Information Network (O*NET) and the European Working
Condition Survey (EWCS) data that measure occupational (1) exposure to disease or infections; (2) physical
proximity at work; as well as the incidence of (3) dealing with clients, pupils, or patients; (4) working in public spaces;
(5) working at the clients’ premises; and (6) not being able to work from home. The use of EWCS data allowed me
to quantify the cross-country differences between workers in comparable occupations. | have shown that there are
clear differences: workers in Southern European countries, in the Nordic countries, and in France and the UK are
the most exposed to contagion at work; while workers in Central Eastern European countries are the least exposed
to contagion at work. Health professionals are the most exposed occupations, followed by workers in sales and
personal and protective services. Conversely, farmers, plant and machine operators, as well as technology and
business professionals are the least exposed occupations. Moreover, the workers who are most exposed to
contagion tend to be those with weaker labour market positions: i.e., they are disproportionately female, young, and
less educated.

| have used my occupational indicators to quantify the levels country-level exposure to contagion. In doing so, |
have excluded health professions. This ensured that the country-level measures are not related to public choices
regarding health care systems, and are likely exogenous to the spread of COVID-19. After estimating a range of
cross-country regressions, | found that countries with higher levels of occupational exposure to contagion recorded
faster growth in numbers of COVID-19 cases, and in numbers of deaths. | found that these effects were the
strongest for the measures of exposure to contagion among workers aged 45-64, which is consistent with evidence
that older workers are more likely to be seriously infected by SARS-CoV-2. My findings are robust to controlling for
the stringency of containment policies, such as lockdowns and school closures. The estimated effects are also
quantitatively relevant. In the first 1-2 weeks after the 100" confirmed case, about 20-25% of the cross-country
variance in the growth in cases was attributable to differences in countries' levels of occupational exposure to
contagion. Over a longer time horizon, the contribution of exposure declined while the contribution of containment
policies became dominant. In the case of deaths, however, the contribution of countries’ levels of occupational
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exposure to contagion was the highest in the four-week time horizon. These patterns are consistent with clinical
and epidemiological evidence showing that the COVID-19 incubation period can last a week or more, and that the
median time from the onset of symptoms to death can be around two weeks. Thus, the early trajectory of the
epidemic in particular countries was probably determined by infections that were passed when the number of cases
was still low and social distancing had not yet been implemented. My findings suggest that differences in the nature
of work in particular countries might have contributed to differences in the numbers of these infections. Indeed,
my results are driven by country-specific patterns of social contacts at work, rather than by occupational structures.

My study has limitations. First, | measure the spread of COVID-19 with the number of positive tests and deaths, but
countries may differ in the testing effort. Indeed, according to the Our World in Data (2020) data, there are
differences in the number of tests per 1,000 people in European countries. However, the correlation between the
testing effort and the growth in cases or the number of deaths in my country sample is negative. Hence, the cross-
country differences in the number of cases and deaths are not driven by the differences in testing. Second, | focus
on country level exposure while outbreaks may be driven by local transmission clusters. However, my findings are
consistent with the evidence that settings such as bars & restaurants, elderly care units, and conferences contribute
a substantial share of SARS-CoV-2 transmission clusters (Leclerc et al., 2020). The occupations that | have found
as highly exposed — for instance personal and protective services workers, and sales workers — are usually
employed in such establishments. Third, | control for the de jure differences in containment policies while
compliance and social norms towards social norms may differ between countries. Fourth, my measures are based
no the pre-lockdown data and do not provide precise measurements of occupational exposure during and post-
lockdown. It is because the intensity of contacts and workplace interactions have most likely changed due to
restrictions and endogenous, uncoordinated social distancing (Toxvaerd, 2020).

The levels of complexity of social networks differ between countries. Larger social networks can facilitate
technology diffusion and increase productivity, but the prevalence of infectious pathogens can undermine these
benefits by accelerating disease spread (Fogli and Veldkamp, 2019). Before the arrival of COVID-19, the European
countries studied in this paper had been relatively free from infectious diseases outbreaks, barring a sporadic flu
epidemic. The organisation of work could have been tailored to reap the benefits from these networks. My findings
help to explain why some of the richer European countries, such as France, Italy, the UK, and Sweden, have recorded
more serious outbreaks than the less developed countries in my sample, especially those in Central Eastern Europe.
Finally, my findings also suggest that measuring workplace interactions and the incidence of work in public spaces,
clients’ premises, etc., may help to predict the next waves of the COVID-19 pandemic. The regularly conducted,
large-scale labour force surveys can be adapted to collect such data during lockdowns and when the restrictions
are lifted. This would allow to measure exposure at a more finely disaggregated level, for instance between men
and women or workers at different age in the same occupation, and would help to apply economic methods to
detect pandemic spread in economic networks (Murray, 2020).

20



References

Abaluck, J., Chevalier, J.A., Christakis, N.A., Howard, F., Kaplan, E.H., Ko, A., Vermun, S.H., 2020. The Case for
Universal Cloth Mask Adoption and Policies to Increase Supply of Medical Masks for Health Workers. Covid
Economics, Vetted and Real-Time Papers 5, 147-159.

Adda, J., 2016. Economic Activity and the Spread of Viral Diseases: Evidence from High Frequency Data. The
Quarterly Journal of Economics 131, 891-941.

Béland, L.-P., Brodeur, A, Wright, T., 2020. The Short-Term Economic Consequences of COVID-19: Exposure to
Disease, Remote Work and Government Response ( No. 13159). IZA Discussion Paper.

Fernandez-Macias, E., Hurley, J., Bisello, M., 2016. What do Europeans do at work? A task-based analysis: European
Jobs Monitor 2016. Eurofound, Dublin.

Fogli, A., Veldkamp, L., 2019. Germs, Social Networks and Growth. The Review of Economic Studies, forthcoming.

Goldstein, E., Lipsitch, M., Cevik, M., 2020. On the effect of age on the transmission of SARS-CoV-2 in households,
schools and the community. J Infect Dis.

Goos, M., Manning, A., Salomons, A., 2014. Explaining Job Polarization: Routine-Biased Technological Change and
Offshoring. American Economic Review 104, 2509-2526.

Hale, T., Webster, S., Petherick, A., Phillips, T., Kira, B., 2020. Coronavirus Government Response Tracker [WWW
Document]. Blavatnik School of Government. URL https://www.bsg.ox.ac.uk/research/research-
projects/coronavirus-government-response-tracker (accessed 4.28.20).

Hardy, W., Keister, R., Lewandowski, P., 2018. Educational upgrading, structural change and the task composition
of jobs in Europe. Economics of Transition and Institutional Change 26, 201-231.

Jarman, J., Blackburn, R.M., Racko, G., 2012. The Dimensions of Occupational Gender Segregation in Industrial
Countries. Sociology 46, 1003-1019.

Kissler, S.M., Tedijanto, C., Goldstein, E., Grad, Y.H., Lipsitch, M., 2020. Projecting the transmission dynamics of
SARS-CoV-2 through the postpandemic period. Science.

Klepac, P., Kissler, S., Gog, J., 2018. Contagion! The BBC Four Pandemic — The model behind the documentary.
Epidemics 24, 49-50.

Klepac, P., Kucharski, A.J., Conlan, A.J., Kissler, S., Tang, M., Fry, H., Gog, J.R., 2020. Contacts in context: large-scale
setting-specific social mixing matrices from the BBC Pandemic project. medRxiv.

Kucharski, A.J., Klepac, P., Conlan, A.J K., Kissler, S.M., Tang, M.L,, Fry, H., Gog, J.R., Edmunds, W.J., Emery, J.C,,
Medley, G., Munday, J.D., Russell, T.W., Leclerc, Q.J., Diamond, C., Procter, S.R., Gimma, A, Sun, F.Y., Gibbs,
H.P., Rosello, A., Zandvoort, K. van, Hué, S., Meakin, S.R., Deol, AK., Knight, G., Jombart, T., Foss, AM,,
Bosse, N.I,, Atkins, K.E., Quilty, B.J., Lowe, R., Prem, K., Flasche, S., Pearson, C.A.B., Houben, RM.G.J,,
Nightingale, E.S., Endo, A, Tully, D.C., Liy, Y., Villabona-Arenas, J., O'Reilly, K., Funk, S., Eggo, R.M., Jit, M.,
Rees, E.M., Hellewell, J., Clifford, S., Jarvis, C.I., Abbott, S., Auzenbergs, M., Davies, N.G., Simons, D., 2020.
Effectiveness of isolation, testing, contact tracing, and physical distancing on reducing transmission of
SARS-CoV-2 in different settings: a mathematical modelling study. The Lancet Infectious Diseases 20,
1151-1160.

Lauer, S.A., Grantz, K.H., Bi,Q., Jones, F.K,, Zheng, Q., Meredith, H.R., Azman, A.S., Reich, N.G., Lessler, J., 2020. The
Incubation Period of Coronavirus Disease 2019 (COVID-19) From Publicly Reported Confirmed Cases:
Estimation and Application. Annals of Internal Medicine.

21



Leclerc, Q.J., Fuller, N.M., Knight, L.E., CMMID COVID-19 Working Group, Funk, S., Knight, G.M., 2020. What settings
have been linked to SARS-CoV-2 transmission clusters? Wellcome Open Res 5, 83.

Leung, K., Wu, J.T,, Liu, D., Leung, G.M., 2020. First-wave COVID-19 transmissibility and severity in China outside
Hubei after control measures, and second-wave scenario planning: a modelling impact assessment. The
Lancet 0.

Li, R., Pei, S, Chen, B, Song, Y., Zhang, T., Yang, W., Shaman, J., 2020. Substantial undocumented infection
facilitates the rapid dissemination of novel coronavirus (SARS-CoV2). Science 3680, 489-493.

Linton, N.M., Kobayashi, T., Yang, Y., Hayashi, K., Akhmetzhanov, A.R., Jung, S., Yuan, B., Kinoshita, R., Nishiura, H.,
2020. Incubation Period and Other Epidemiological Characteristics of 2019 Novel Coronavirus Infections
with Right Truncation: A Statistical Analysis of Publicly Available Case Data. JCM 9, 538.

Markowitz, S., Nesson, E., Robinson, J.J., 2019. The effects of employment on influenza rates. Economics & Human
Biology, New Findings in Economics and Human Biology: A special Issue in Honor of Founding Editor John
Komlos 34, 286-295.

Morduch, J., Sicular, T., 2002. Rethinking Inequality Decomposition, with Evidence from Rural China. The Economic
Journal 112, 93-106.

Mossong, J., Hens, N., Jit, M., Beutels, P., Auranen, K., Mikolajczyk, R., Massari, M., Salmaso, S., Tomba, G.S,,
Wallinga, J., Heijne, J., Sadkowska-Todys, M., Rosinska, M., Edmunds, W.J., 2008. Social Contacts and
Mixing Patterns Relevant to the Spread of Infectious Diseases. PLOS Medicine 5, e74.

Murray, E.J., 2020. Epidemiology's Time of Need: COVID-19 Calls for Epidemic-Related Economics. Journal of
Economic Perspectives 34, 105-120.

Nieuwenhuijsen, M., 2009. Exposure Assessment in Occupational and Environmental Epidemiology, Exposure
Assessment in Occupational and Environmental Epidemiology. Oxford University Press.

Our World in Data, 2020. To understand the global pandemic, we need global testing — the Our World in Data COVID-
19 Testing dataset [WWW Document]. Our World in Data. URL https://ourworldindata.org/covid-testing
(accessed 5.5.20).

Petherick, A, Hale, T., Phillips, T., Webster, S., 2020. Variation in government responses to COVID-19 ( No.
2020/037). Blavatnic School of Government.

Qiu, Y., Chen, X., Shi,W., 2020. Impacts of Social and Economic Factors on the Transmission of Coronavirus Disease
2019 (COVID-19) in China. Journal of Population Economics 1127-1172.

Toxvaerd, F., 2020. Equilibrium Social Distancing (Text No. 2008), Cambridge-INET Working Papers.

22



Appendices

Appendix A. Cross-country and occupational differences in particular indicators

Figure A1. Differences in the incidence of dealing with clients, pupils, or patients across two-digit ISCO occupations in
Europe.
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Reference: Chief executives, senior officials and legislators
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Food preparation assistants —

Street and related sales and service workers —

Refuse workers and other elementary workers
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Note: The coefficients are estimated in a worker-level model on normalised indicator, xJy, against occupation fixed effects

and country fixed effects, with standardised weights. Sample size 1,490,730. Reference groups: chief executives, senior
officials, and legislators (ISCO 11), Germany. Standard errors clustered at the country x occupation level.

Source: Own estimation on the basis of EU-LFS and EWCS data.

Figure A2. Differences in the frequency of working in public spaces across two-digit ISCO occupations in Europe.
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Note: The coefficients are estimated in a worker-level model on normalised indicator, x}y, against occupation fixed effects

and country fixed effects, with standardised weights. Sample size 1,490,730. Reference groups: chief executives, senior
officials, and legislators (ISCO 11), Germany. Standard errors clustered at the country x occupation level.
Source: Own estimation on the basis of EU-LFS and EWCS data.
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Figure A3. Differences in the frequency of working at the clients’ premises across two-digit ISCO occupations in

Europe.

Reference: Chief executives, senior officials and legislators

Note: The coefficients are estimated in a worker-level model on normalised indicator, x
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and country fixed effects, with standardised weights. Sample size 1,490,730. Reference groups: chief executives, senior
officials, and legislators (ISCO 11), Germany. Standard errors clustered at the country x occupation level.
Source: Own estimation on the basis of EU-LFS and EWCS data.

Figure A4. Differences in not being able to work from home across two-digit ISCO occupations in Europe.

Reference: Chief executives, senior officials and legislators

Note: The coefficients are estimated in a worker-level model on normalised indicator, x
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and country fixed effects, with standardised weights. Sample size 1,490,730. Reference groups: chief executives, senior
officials, and legislators (ISCO 11), Germany. Standard errors clustered at the country x occupation level.
Source: Own estimation on the basis of EU-LFS and EWCS data.
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Figure Ab. Differences in levels of exposure to infection or disease across two-digit ISCO occupations in Europe.

Reference: Chief executives, senior officials and legislators
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Note: The coefficients are estimated in a worker-level model on normalised indicator, xJy, against occupation fixed effects
and country fixed effects, with standardised weights. Sample size 1,490,730. Reference groups: chief executives, senior
officials, and legislators (ISCO 11), Germany. Standard errors clustered at the country x occupation level.

Source: Own estimation on the basis of EU-LFS and EWCS data.

Figure A6. Differences in levels of physical proximity at work across two-digit ISCO occupations in Europe.
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Note: The coefficients are estimated in a worker-level model on normalised indicator, x
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and country fixed effects, with standardised weights. Sample size 1,490,730. Reference groups: chief executives, senior
officials, and legislators (ISCO 11), Germany. Standard errors clustered at the country x occupation level.
Source: Own estimation on the basis of EU-LFS and EWCS data.
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Figure A7. Differences in the incidence of dealing with clients, pupils, or patients across countries in Europe.
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Note: The coefficients are estimated in a worker-level model on normalised indicator, xJy, against occupation fixed effects

and country fixed effects, with standardised weights. Sample size 1,490,730. Reference groups: chief executives, senior
officials, and legislators (ISCO 11), Germany. Standard errors clustered at the country x occupation level.
Source: Own estimation on the basis of EU-LFS and EWCS data.

Figure A8. Differences in the frequency of working in public spaces across two-digit ISCO occupations in Europe.
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Note: The coefficients are estimated in a worker-level model on normalised indicator, x}y, against occupation fixed effects

and country fixed effects, with standardised weights. Sample size 1,490,730. Reference groups: chief executives, senior
officials, and legislators (ISCO 11), Germany. Standard errors clustered at the country x occupation level.
Source: Own estimation on the basis of EU-LFS and EWCS data.
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Figure A9. Differences in the frequency of working at the clients' premises across two-digit ISCO occupations in

Europe.

Reference: Germany
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Note: The coefficients are estimated in a worker-level model on normalised indicator, x[y, against occupation fixed effects
and country fixed effects, with standardised weights. Sample size 1,490,730. Reference groups: chief executives, senior
officials, and legislators (ISCO 11), Germany. Standard errors clustered at the country x occupation level.

Source: Own estimation on the basis of EU-LFS and EWCS data.

Figure A10. Differences in not being able to work from home across two-digit ISCO occupations in Europe.

Reference: Germany

Note: The coefficients are estimated in a worker-level model on normalised indicator, x

Austria
Belgium —|
Bulgaria —
Croatia
Czech Republic —
Denmark —
Estonia —
Finland —
France —
Hungary —
leeland —
Ireland —

Italy —

Latvia —
Lithuania —
Luxembourg —|
Netherlands —
Norway =
Poland
Portugal —
Romania =
Slovakia =
Slovenia
Spain —
Sweden —
Switzerland

United Kingdom —

—_—

—

—|—

-2

-1 0 1

n

ie» @gainst occupation fixed effects

and country fixed effects, with standardised weights. Sample size 1,490,730. Reference groups: chief executives, senior
officials, and legislators (ISCO 11), Germany. Standard errors clustered at the country x occupation level.
Source: Own estimation on the basis of EU-LFS and EWCS data.
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Appendix B. Additional regression results on the relationship between occupational

exposure to contagion and the spread of COVID-19

Table B1. The effects of occupational exposure to contagion on COVID-19 case growth under the assumption that
occupations are identical across countries

1 week 2 weeks 4 weeks Weeks 5-8
after the 100" case after the 100" case after the 100" case after the 100" case
ETC 0.030%* 0.018 0.018 -0.001 0.013 -0.003 0.003 -0.002
(0.012) (0.017) (0.011) (0.013) (0.009) (0.010) (0.003) (0.003)
R2 0.106 0.233 0.053 0.374 0.051 0.480 0.030 0.359
HETC 0.024* 0.015 0.018 0.005 0.013 0.002 0.003 0
(0.014) (0.017) (0.014) (0.015) (0.011) (0.011) (0.003) (0.003)
R2 0.071 0.224 0.053 0.377 0.052 0.479 0.048 0.349
HETC, 0.015 0.007 0.015 0.007 0.014 0.007 0.004* 0.003
1524 (0.018) (0.019) (0.015) (0.015) (0.010) (0.010) (0.002) (0.002)
R2 0.026 0.209 0.040 0.380 0.058 0.490 0.071 0.374
HETC, 0.033% 0.019 0.019 -0.001 0.014 -0.004 0.002 -0.003
25-34 (0.012) (0.016) (0.011) (0.011) (0.009) (0.008) (0.003) (0.002)
R2 0.127 0.238 0.064 0.374 0.055 0.482 0.017 0.387
HETC, 0.027* 0.013 0.013 -0.008 0.009 -0.01 0.0071 -0.005%*+
35-44 (0.011) (0.014) (0.009) (0.010) (0.008) (0.007) (0.003) (0.002)
R2 0.087 0.220 0.028 0.381 0.021 0.499 0.004 0.422
HETC, 0.027%* 0.017 0.014 -0.004 0.011 -0.005 0.002 -0.002
45-54 (0.012) (0.016) (0.010) (0.013) (0.009) (0.010) (0.003) (0.003)
R2 0.089 0.227 0.035 0.375 0.035 0.482 0.024 0.359
HETC, 0.030%* 0.021 0.016 -0.002 0.012 -0.003 0.003 -0.001
65-64 (0.012) (0.018) (0.017) (0.015) (0.009) (0.017) (0.003) (0.003)
R2 0.106 0.239 0.044 0.374 0.045 0.479 0.040 0.350
Con;zllincr;]ent N Y N Y N % N Y
Population N Y N Y N % N Y
density
No. of obs. 28 28 28 28 28 28 28 28

Note: ETC — average exposure to contagion; HETC — share of workers highly exposed to contagion. In the regressions pertaining to weeks 1, 2,
and 4, | use the average strictness of containment policy over 7 days after the 100" case in each country. In the regressions pertaining to weeks
5to 8, | use the average strictness of containment policy over 30 days after the 100" case.

*%n<0.01, ** p<0.05, * p<0.1. Robust standard errors in parentheses.

Source: Own estimation on the basis of EU-LFS, EWCS, O*NET, John Hopkins CSEE, and OxCGRT data.
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Table B2. The effects of the share of highly exposed workers on COVID-19 case growth, using alternative definition of
highly exposed workers — top 40% workers in the distribution of occupational exposure to contagion (pooled sample,

standardised weights)
1 week 2 weeks 4 weeks Weeks 5-8
after the 100" case after the 100" case after the 100" case after the 100" case
HETC 0.055%%%  0.046%* 00490 0038 00360  0.025%*  0.005% 0.003*
(0.010) (0.011) (0.010) (0.010) (0.008) (0.007) (0.002) (0.002)
R2 0.355 0.433 0414 0.598 0.369 0.645 0.12 0.388
HETC, 0.044%%%  0,032* 0.028%* 0.007 0.020%* 0.0071 0.004 -0.001
1524 (0.013) (0.018) (0.0171) (0.013) (0.009) (0.010) (0.003) (0.003)
R2 0.229 0.295 0.133 0.381 0.112 0478 0.063 0.351
HETC, 0.044%%  0.040%%% 00370  0032x% 00260 00220 0.004* 0.004%*
25-34 (0.011) (0.011) (0.011) (0.009) (0.009) (0.007) (0.002) (0.002)
R2 0.231 0.39 0.237 0.549 0.201 0616 0.083 0.403
HETC, 0.047%0%  0.045%0¢ 00450  0.047% 00320 0.0209%%  0.004%%  0.004%**
35-44 (0.009) (0.010) (0.011) (0.009) (0.008) (0.006) (0.002) (0.001)
R2 0.267 0.438 0.339 0.656 0.296 0.71 0.087 0.432
HETC, 0.054%0%  0.047% (0530  0.045%* 0038  0.030%*  0.005%*  0.004**
45-54 (0.009) (0.011) (0.009) (0.008) (0.007) (0.006) (0.002) (0.002)
R2 0.347 0.452 0.484 0.693 0.423 0.724 0.107 0.407
HETC, 0.057%0%  0.048%x 00560  0.044%% 00420 0.030%* 00070 0.004%*
55-64 (0.010) (0.011) (0.008) (0.009) (0.006) (0.007) (0.002) (0.002)
R2 0.389 0.433 0.529 0.644 0.501 0.692 0.193 0.410
Con;zllincr;ent N % N % N % N %
Population
density N Y N Y N Y N Y
No. of obs. 28 28 28 28 28 28 28 28

Note: ETC — average exposure to contagion; HETC — share of workers highly exposed to contagion. In the regressions pertaining to weeks 1, 2,
and 4, | use the average strictness of containment policy over 7 days after the 100" case in each country. In the regressions pertaining to weeks
5 to 8, | use the average strictness of containment policy over 30 days after the 100" case.
**% n<0.01, ** p<0.05, * p<0.1. Robust standard errors in parentheses.
Source: Own estimation on the basis of EU-LFS, ENCS, O*NET, John Hopkins CSEE, and OxCGRT data.
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Table B3. The effects of the share of highly exposed workers on the number of deaths from COVID-19, using alternative
definition of highly exposed workers - top 40% workers in the distribution of occupational exposure to contagion (pooled

sample, standardised weights)

2 weeks 4 weeks Weeks 5-8
after the 100" case after the 100" case after the 100" case after the 100" case
HETC 3.83* 3.96* 49 68%* 47 69* 977.99%  879.90%  3117.52%  2462.46%*
(1.95) (2.28) (23.34) (26.68)  (491.85)  (514.16)  (1228.09)  (1171.00)
R2 0.225 0.269 0.304 0317 0.31 0.338 0214 0.334
HETC, 1.6 1.87 21.14 16.11 412.76% 172,61 166749 21457
1524 (1.24) (1.55) (12.60) (17.98) (229.43)  (301.01)  (1042.97)  (1047.75)
R2 0.039 0.095 0.055 0.089 0.055 0.12 0.061 0211
HETC, 3.14 313 41.15% 39.46 760.43* 70205  2366.96*  2096.81*
25-34 (1.98) (2.07) (22.91) (2418)  (428.07)  (430.48)  (1197.92) (1191.77)
R2 0.151 0.201 0.209 0.254 0.187 027 0123 0.306
HETC, 4.18% 3.97* 50.70%* 48.77* 949.49%  922.36%  2821.42%  2787.21%
35-44 (2.06) (2.19) (24.63) (25.59)  (496.17)  (501.88)  (1187.83)  (1205.83)
R2 0.267 0.288 0317 0.349 0.292 0.38 0.175 0.374
HETC, 4.50% 447 56.92%  B54T0%  1132.96%  1063.36% 3466.73%%% 3003.11%k
45-54 (1.91) (2.19) (22.92) (25.24) (504.90)  (517.86)  (1155.16)  (1100.90)
R2 0.31 0.337 0.4 0.408 0.416 0.453 0.264 0.409
HETC, 3.98% 4,53+ 53.30% B4.54%  112047*  1059.76*  3750.23%%* 3031.99*
55-64 (1.80) (2.29) (20.92) (26.48) (47751)  (542.46)  (1155.44)  (1086.40)
R2 0.242 0.312 0.35 0.367 0.406 0413 0.309 0.387
Con;zllincr;ent N Y N Y N % N Y
Population
density N Y N Y N Y N Y
No. of obs. 28 28 28 28 28 28 28 28

Note: ETC — average exposure to contagion; HETC — share of workers highly exposed to contagion. In the regressions pertaining to weeks 1, 2,
and 4, | use the average strictness of containment policy over 7 days after the 100" case in each country. In the regressions pertaining to weeks
5 to 8, | use the average strictness of containment policy over 30 days after the 100" case.
**% n<0.01, ** p<0.05, * p<0.1. Robust standard errors in parentheses.
Source: Own estimation on the basis of EU-LFS, ENCS, O*NET, John Hopkins CSEE, and OxCGRT data.
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Table B4. The effects of average number of social contacts on COVID-19 case growth

1 week 2 weeks 4 weeks Weeks 5-8
after the 100™ case after the 100™ case after the 100%™ case after the 100%™ case
Average no. of social contacts
Social 0.036 0.037 0.004 0.026 -0.009 0.019 -0.004 0.012*
contacts (0.033) (0.062)  (0.027)  (0.050) (0.025)  (0.041)  (0.006)  (0.005)
R2 0.241 0.241 0.005 0.132 0.03 0.264 0.072 0.631
Share of workers highly exposed to contagion
HETC 0.040 0.070%** 0.050%** 0.059%*= 0.047%* 0.04 7%** 0.010* 0.007*
(0.029) (0.015) (0.010) (0.007) (0.007) (0.007) (0.005) (0.003)
R2 0.295 0.813 0.815 0.902 0.845 0.845 0.449 0.621
Contamment N v N v N y N y
policy
Population
. N Y N Y N Y N Y
density
No. of obs. 8 8 8 8 8 8 8 8

Note: Average number of social contacts taken from Mossong et al. (2008). HETC - share of workers highly exposed to contagion. In the
regressions pertaining to weeks 1, 2, and 4, | use the average strictness of containment policy over 7 days after the 100™ case in each country.
In the regressions pertaining to weeks 5 to 8, | use the average strictness of containment policy over 30 days after the 100" case (results of
regressions using the average of containment policy averaged of over 7 days consistent with these presented and are available upon request).
#*%n<0.01, ** p<0.05, * p<0.1. Robust standard errors in parentheses.

Source: Own estimation on the basis of EU-LFS, EWCS, O*NET, John Hopkins CSEE, OXCGRT and Mossong et al. (2008) data.
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