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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 whether the nature and the organisation of work affect
the spread of COVID-19. | have developed a survey-based methodology to measure country-specific levels of
occupational exposure to contagion driven by social contacts. | find that more exposed occupations and sectors
recorded a higher incidence of COVID-19. Applying them to 28 European countries, | find substantial cross-country
differences in levels of exposure to contagion in comparable occupations. The resulting country-level measures of
levels of exposure predict the growth in COVID-19 cases, and the number of deaths from COVID-19 in the early
stage of the pandemic. 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. The relationship between
levels of occupational exposure to contagion and the spread of COVID-19 is particularly strong for workers aged
45-64. Using survey data collected in Poland, | find that the gap in occupational exposure between the minority of
workers in professional and managerial jobs and the majority in other occupations has widened during lockdowns.
Thus, | conclude that measuring workplace interactions may help to understand the role of economic networks in
the spread of infectious diseases and in the risk faced by various socio-economic groups.
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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 (ltaly) 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 (Hale et al., 2021). 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-19in Europe. | find significant, positive correlation between the differences in work-related exposure and the
incidence of COVID-19 across occupations and economic sectors in 2020. | also estimate a range of cross-country
regressions that relate the growth in COVID-19 cases and the number of deaths from COVID-19 to country-level
exposure measures. When calculating these country-level indicators, | 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 the differences in
vulnerability to a sudden shock of new respiratory pathogen across European countries.

My third contribution is to assess changes in occupational exposure during the COVID-19 pandemic, using survey
data collected in Poland. In line with other studies (e.g., Adams-Prassl et al., 2022), | find that workers in professional
and managerial occupations — who enjoyed the lowest exposures even before the pandemic - increased the
frequency of working from home to a much larger extent than other groups. Morever, workers in professional and
managerial jobs reduced the frequency of work-related social interactions. This has further reduced their exposure
to contagion. At the same time, the exposures among workers in service jobs, and among workers in elementary
occupations — who were the most exposed even before the pandemic — have barely declined. As workers in various
occupations engaged in leisure- or family-related preventive behaviours to a rather similar extent, the widening
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gaps in occupational exposure constituted a key difference between the effect of lockdowns on exposure to
contagion of various socio-economic groups.

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, | study changes in occupational exposure in Poland
over the course of COVID-19 epidemic. The six 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).

% Such an assumption is often made, for instance when the O*NET data are used to study the task content of jobs and
occupational demands (Goos et al., 2014, Hardy et al., 2018) or to assess the number of jobs amenable to working from home
(Dingel and Neiman, 2020).

41 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 was supposed to be conducted in 2020 but was postponed to 2021.
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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;,.:

xiré = (x - xmin)/(xmax - xmin): (1)

where X,,in and X4, 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).

| 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 0 Physical clients, Workmg n Worklng,at Working not  Exposure to
disease or e . public clients .
infections p([;X'\IIrE'T? F:)l;[;ILSn tz ' spaces premises fr(()énwréosr;\e C(Z.r:] tggl;)n
i 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 0.05 025 1
public spaces
Working at
clients’ 0.00 -0.05 -0.03 0.42 1
premises
Working not 4 1, 0.40 0.08 0.13 0.12 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 European Labour Force Survey
data (EU-LFS, 2018) that provide the most accurate estimates of occupational structures in the European
countries.®

6] use the 2018 EU-LFS data, which are the most recent data available at the time of writing.
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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. 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 (e.q. share of older people) that may affect the
spread of COVID-19.

2.2 Data on work-related social contacts over the course of COVID-19 pandemic —
Diagnoza.plus survey in Poland

The data on occupational exposures, work-related social contacts, and preventive behaviours during the COVID-19
pandemic were collected in Poland using the Diagnoza Plus (2021) online survey. It started in April 2020 with the
aim to provide almost real-time statistics on labour market outcomes, incomes, and wellbeing over the course of
pandemic. It has been run by a group of research institutes and universities.” Data were collected every two months.

In the February 2021 wave, the survey included four questions on work-related social contacts, identical to those
in the EWCS and used to calculate the exposure measure. It also included a range of questions on preventive
behaviours, identical to those in Papageorge et al. (2021). Respondents provided information about their modes of
work in February 2021, as well as retrospectively: in February 2020, so before the COVID-19 epidemic emerged in
Poland, and in April 2020. To measure the incidence of working from home, | use data collected in the first wave of
Diagnoza.plus (April 2020) and in the 2019 Labour Force Survey (before the pandemic). This allows assessing how
the exposure has changed over the course of the pandemic.

The sample size equalled 5,085 in April 2020, and 5,328 in February 2021. The data are weighted using a method
proposed by Smyk et al. (2021) so that they are representative at a country level and consistent with the Polish
Labour Force Survey.

2.3 Dataon COVID-19 cases, policy responses, and other country-level variables

To validate the index of occupational exposure, | use data on COVID-19 related deaths by occupation in England
and Wales between March and May / December 2020 (Office for National Statistics, 2021), and data on COVID-19
cases by economic sector in Belgium in September — October 2020 reported by Verbeeck et al. (2021) on the basis
of administrative reports. These data on mortality and incidence, respectively, are reported as age-standardised
rates. To my best knowledge, these are only data on COVID-19 deaths or cases by occupation or economic sector
in Europe that are publicly available for all occupations or sectors.

In order to measure the spread of COVID-19 at the country level, | use data provided by Johns Hopkins CSSE (2022).
For each country ¢, | define the date on which 100 confirmed cases were recorded for the first time. | calculate the

"Warsaw University, Warsaw School of Economics, Center for Social and Economic Research (CASE), Centre for Economic
Analysis (CENEA), and Institute for Structural Research (IBS).



average daily growth rate of cases, gZ, 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 the stringency index proposed by Hale
et al. (2021) and available from the Oxford COVID-19 Government Response Tracker (OXCGRT, 2020). Following
Abaluck et al. (2020), | control for the average policy stringency over a week, p¥, and over a month, p™", following
the 100" case in a given country. | also use Eurostat data on population density.

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.

2.4 Econometric methodology

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 (2)

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 = ﬂO + ﬂlX] + AC + Eijc (3)

Pr(HETCjic = 1) = F(Bo + BuX; + Ac + &ijc) (4)

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:

yt = By + contagion, + policy. + population density, + €, (5)

where, yt € {g&, 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:
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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, | 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).

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 I 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).



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



3.2 Occupational exposure and occupation-specific incidence of COVID-19 - validation
of the exposure measure with data from Belgium and the UK

To validate the index of occupational exposure, | use data on actual cases or deaths by economic sector or
occupation, available for 2020 in Belgium and the UK (England and Wales), respectively. To my best knowledge, no
other country has made such data available for all occupations or sectors.

In both cases, | find that the differences in exposure — based on pre-pandemic data — are correlated with the
differences in actual spread of COVID-19 among workers in different occupations or sectors. In Belgium, economic
sectors with 0.7 higher average occupational exposures recorded 29.7% (significant at 10% level) higher age-
standardised COVID-19 incidence rate in September-October, 2020 (Figure 4). In England and Wales, occupational
exposure higher by 0.1 was associated with 16.1% (significant at 5% level, robust standard errors) higher age-
standardised COVID-19 mortality rate between early March and the of May, 2020, and by 15.3% (significant at 5%
level) higher mortality rate between early March and the of December, 2020 (Figure 3). The scarcity of data allows
providing only a suggestive evidence on the relationship between occupational exposure and infection / death risk,
but it shows that occupational exposures predict the COVID-19 risks in the pre-vaccine era.

Figure 3. Exposure to contagion and sector-specific COVID-19 incidence rate in Belgium, 2020
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Sector-specific exposure to contagion
Note: Age-standardised COVID-19 incidence rates per 100,000 population. Excluding Human health and social work

activities (sector Q in NACE). . The full names of sectrors are shown in Table D2 in Appendix D.
Source: Own calculations on the basis of EU-LFS, ENCS, O*NET data, and Verbeeck et al. (2021) data.
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Figure 4. Occupational exposure to contagion and occupation-specific COVID-19 mortality rate in the UK, 2020.
England & Wales — deaths recorded between March 9 and May 28, 2020
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Note: Age-standardised COVID-19 mortality rates per 100,000 population. Excluding health professionals (ISCO 22) and
health associate professionals (ISCO 32). The ONS data are reported using the UK Standard Occupational Classification
2070(S0C 2070) which at 2-digit classification level are more aggregated than the ISCO 2-digit classification. The equivalent
ISCO 2-digit level occupations or clusters of them are shown in the figure. The full names of occupations are shown in Table
D7 in Appendix D.

Source: Own calculations on the basis of EU-LFS, ENCS, O*NET, and ONS data.
3.3  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.
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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. 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.

Table 2. The individual and workplace correlates of occupational exposure to contagion

Probability of working in a highly exposed

Occupational exposure to contagion . .
P P 9 occupation (marginal effects)

Female 0.047%xx 0.069***
(0.007) (0.019)
Age 15-24 0.023%** 0.097%x*
(0.004) (0.013)
Age 25-34 0.008%** 0.026%**
(0.001) (0.005)
Age 45-54 -0.001 -0.07 7%
(0.001) (0.004)
Age 55-65 0.001 -0.027%%*
(0.002) (0.007)
Age 65-74 -0.014 -0.052%%*
(0.011) (0.020)
Education: Primary or less -0.028** 0.011
(0.012) (0.040)
Education: Lower secondary -0.019%*% -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)
Married / in relationship 0.000 -0.010%*
(0.001) (0.004)
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.

8 Note that | do not control for occupational nor sectoral fixed effects, to describe 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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4. Occupational exposure and the spread of COVID-19 — econometric
results

| 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 in subsection 3.1.
The Southern European countries exhibit the highest average exposure levels and the highest shares of highly
exposed workers, followed by the Nordic countries, and the United Kingdom (Figure BT in Appendix B). The Central
and Eastern European countries exhibit the lowest exposure levels.

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 in a very short period
after the epidemic started. 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.

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 5). 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-

% There were noticeable cross-country differences in the stringency of containment policies introduced in the early stage of
the pandemic. 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 B1 in
Appendix B).

10 For clarity of presentation, | do not show the coefficients pertaining to policy variables. They are available upon request.
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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.

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%** 0.047%** 0.026* 0.029%** 0.014 0.004 0.000
(0.017) (0.016)  (0.012)  (0.014) (0.009)  (0.011)  (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 0.048x** 0.038** 0.049%** 0.037** 0.036*** 0.026%** 0.006*** 0.004**
(0.014) (0.017)  (0012)  (0.013)  (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
COn;?):?Cr;ent N Y N Y N % N Y
P%Z‘;':;';” 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). | also control for population
density. *** p<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, Eurostat, and OxCGRT data.

Figure 5. Regression-based 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).
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B 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, Eurostat, and OxCGRT data.
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| find important differences between exposure in 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). It is most pronounced for workers aged 45-54, followed by for workers aged 55-64 (Figure
6). 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 and the resulting contributions to the variance in the growth in COVID-19 cases
are also smaller (Figure 6). However, the coefficients pertaining to the share of highly exposed workers among
young workers (15-24) are insignificant (Table 4).

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 -0.001
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**
2534 (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 0.101 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%** 0.047%** 0.052x*x 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 0.177 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**
55-64 (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
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 (results of regressions using the average of
containment policy averaged of over 7 days consistent with these presented and are available upon request). | also control for population
density. *** p<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, Eurostat, and OxCGRT data.

11| focus on the share of workers in highly exposed occupations, HET C,, which | have just found to be a more relevant measure of exposure.
Results for the group-specific average occupational exposure, ETC,, are comparable to those presented in Tables 3-4, and are available
upon request.
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Figure 6. 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, Eurostat, 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 ina 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
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occupations are identical across countries (Table C1 Appendix C). If | use occupational averages of my indicators
(calculated across countries) instead of country-specific values of exposure to contagion, | find no significant effect
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 C2-C3 in Appendix C.

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.

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 7). 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 early COVID-19 epidemic across
European countries.

17



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* £95.45 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* 7244 3423.47%**  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). | also control for population
density. *** p<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, Eurostat, and OXCGRT data.
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Figure 7. 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.
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5. Who's protected by lockdowns - the evolution of occupational
exposure during the pandemic in Poland

In this section | provide evidence how behavioural changes - both driven by restriction and voluntary actions -
have translated into changes in occupational exposures to contagion during the COVID-19 pandemic. | use survey
data collected in Poland. | compare the pre-pandemic exposures with exposures in two periods:

e April 2020 - Poland was under a strict lockdown (average policy stringency 83 out of 100 according to the
index proposed by Hale et al., 2021) that was introduced in mid-March 2020 when the total number of
positive tests was low (<100),

e February 2021 - the winter wave of infections, the lockdown stringency was lower than in the Spring 2020,
but still relatively high (71).

In April 2020, when Poland was under lockdown and people were very cautious, the occupational exposure to
contagion declined noticeably in comparison to the pre-pandemic period (Figure 8). Exposure declined the most
among workers in office jobs, especially among managers, professionals, and associate professionals which jointly
constitute 40% of workers in Poland. These are occupations usually performed by workers with tertiary education.
In the later stage of the pandemic, exposure among workers in office jobs increased, but remained below the pre-
pandemic level. Exposure remained the highest among sales and services workers, and among industrial workers,
despite a slight decline of exposure in these groups over time. After a year of the pandemic, exposure among
elementary workers actually increased above the pre-pandemic level.

Figure 8. Occupational exposure to contagion in Poland, 2020-2021.
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Note: The index ranges from 0 to 1- higher value indicates higher exposure.

Source: Own calculations on the basis of EWCS, O*NET, and Diagnoza.plus data.
Next, | decompose changes in exposure into contributions of particular facets of work and social interactions.
During the first, strict lockdown in April 2020, exposure to contagion declined the most among workers in high-
skilled office jobs as they moved to working from home more often than workers in other occupations (top panel
of Figure 9). This is consistent with Adams-Prassl et al. (2022) finding that the share of workers who can work from
home has increased most in high-skilled occupations in which working from home was more common before the
pandemic. However, | find that changes in the other facets of work have also reduce the exposure among workers
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in professional and managerial jobs to a larger extent than among workers in other occupations. In particular,
among workers in professional and managerial jobs reduced the most the frequency of dealing with clients and of
working at client’s premises. Exposure declined the least among sales and services workers: although they reduced
slightly the frequency of contacts with clients and of working at clients’ premises, they were barely able to work
from home. Exposure of workers in elementary occupations also declined marginally, mainly because the frequency
of contacts with clients declined a bit, but other facets of work didn't change.

In 2021, the restrictions on economic activity in Poland have been less stringent than in 2020. Importantly, the
patterns of work-related social contacts have partly returned to the pre-pandemic routines (bottom panel of Figure
8). Among workers in managerial and professional jobs, the incidence of working from home remained roughly at
the 2020 level, but the frequency of contacts with clients increased. Exposure of sales and services workers
declined because the frequency of work in public space decreased — supposedly due to shops, restaurants, stalls
etc. at transit stations, shopping malls, stadia, etc. being less busy or closed altogether. At the same time, the
exposure of workers in elementary occupations has increased even above the pre-pandemic level, as the frequency
of dealing with clients, and of working at clients’ premises rose noticeably.
Figure 9. Decomposition of changes in occupational exposure to contagion in Poland.
April 2020 (strict restrictions) vs. Feb 2020 (pre-pandemic)
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February 2021 (mild restrictions) vs. April 2020 (strict restrictions)
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Note: The index ranges from 0 to 1- higher value indicates higher exposure.
Source: Own calculations on the basis of EWCS, O*NET, and Diagnoza.plus data.

In Poland, in 2021, differences in occupational exposure were mainly related to different ability to work from home
and to avoid dealing with clients. At a worker level, | can factor out the effect of age, gender, and education. Isolating
the effects related to occupations shows that workers in managerial and professional jobs are significantly more
likely to work from home on a regular basis (Figure 10). Plant and machine operators, assemblers, and workers in
elementary occupations are significantly less likely to work from home. Sales and services workers are significantly
more likely to regularly deal with clients and to work at client's premises which is presumably related to the
increased incidence of home deliveries.

These differences in work-related exposure were of critical importance, as the incidence of preventive behaviours
related to leisure and family life was similar across occupations — in Poland, the vast majority of people reduced
the frequency of contacts related to leisure and family life. However, differences remained between occupational
groups (Figure 11). Workers in managerial and professional jobs were most likely to not use public transport at all.
At the same time, workers in managerial jobs were less likely than other groups to have reduced (compared to pre-
pandemic) the frequency of family, and leisure-related social contacts. Perhaps their lower work-related exposure
decreased the need to reduce family and leisure-related contacts. Workers in craft and related trades were the least
likely to have reduced the frequency of family and leisure-related contacts. The occupational exposure of this group
has declined during the pandemic — which may give these workers a subjective assessment of reduced risk -
although it has remained relatively high compared to other occupational groups.
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Figure 10. Likelihood of particular work-related activity in February 2021 in Poland, by occupation.

0.8
0.6
0.4
: 1 10nki
Work from home Work in public spaces Work at clients' premises Dealing with clients,
students, patients, etc.
B Managers | Professionals
Technicians and assoc. professionals M Clerical support workers
B Service and sales workers W Craft and related trades workers

M Plant and machine operators, and assemblers B Elementary occupations

Note: Occupation-specific likelihoods estimated from a logit model with age, sex, and education as other controls.
Source: Own calculations on the basis of EWCS, O*NET, and Diagnoza.plus data.

Figure 11. Likelihood of particular preventive behaviours in February 2021 in Poland, by occupation.
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6. Summary and conclusions

| have developed a methodology to measure levels of occupational exposure 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. | have found that
differences in work-related exposure are correlated with differences in occupation- or sector- specific incidence of
COVID-19 in countries which provide such data. After estimating a range of cross-country regressions, | found that
countries with higher levels of pre-pandemic 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. In the first month of the epidemic, the
contribution of exposures to the cross-country variance in the spread of COVID-19 was larger than the contribution
of containment policy. Over a longer time horizon, the contribution of exposure declined while the contribution of
containment policies became dominant. 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 cross-country measures are based on the pre-lockdown data and do not provide precise measurements of
occupational exposure during and post-lockdown. However, using survey data collected in Poland, | have provided
evidence that the exposures have declined the most among workers in professional and managerial occupations,
followed by clerical workers. The exposures among workers in service occupations, and among workers in
elementary jobs have barely declined, or even increased. It is because the ability to work from home and reduce
work-related interactions was much larger among the former groups. During lockdowns, the gaps in exposures
between the most and the least exposed workers have widened as compared to the pre-pandemic labour market.

My study has limitations. First, | 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 &
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restaurants, elderly care units, and conferences contribute a substantial share of SARS-CoV-2 transmission clusters
(Leclerc et al., 2020). The occupations that I have found as highly exposed - for instance personal and protective
services workers, and sales workers — are usually employed in such establishments. Second, | control for the de
iure differences in containment policies while compliance and social norms towards social norms may differ
between countries. Third, | was not able to quantify access to personal protective equipment.

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 spread of future pandemics. 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 understand
pathogen spread in economic networks. This would improve the understanding of the role of socio-economic
factors in the transmission of infectious diseases. Occupational differences are usually not accounted for in
epidemiological models as epidemiological data on social contacts account only for differences by age (Mossong
etal., 2008). Also, surveys of social contacts run collected sporadically and for a much smaller number of countries
than the number of countries which regularly collect labour force survey data.'

12 The data on the average number of social contacts reported by Mossong et al. (2008). which were used to parametrise
epidemiological models when the COVID-19 started in 2020, are available for only eight countries: Belgium, Finland, Germany,
Italy, Luxembourg, Netherlands, Poland, United Kingdom.
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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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Food preparation assistants —
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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.
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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
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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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Appendix B. Cross country differences in the occupational exposure to contagion and

containment policy

Figure B1. Cross country differences in the occupational exposure to contagion and containment policy.
Average occupational exposure to contagion
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Note: Excluding health professionals (ISCO 22) and health associate professionals (ISCO 32). Stringency of containment
policy calculated as an average over 7 days after the 100" case in each country.
Source: Own calculations on the basis of EU-LFS, ENCS, O*NET, and John Hopkins CSEE data.
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Appendix C. Additional regression results on the relationship between occupational

exposure to contagion and the spread of COVID-19

Table C1. 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
5 to 8 I use the average strictness of containment policy over 30 days after the 100" case. | also control for population density. *+* p<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, Eurostat, and OxCGRT data.
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Table C2. 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. | also control for population density. *** p<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, Eurostat, and OxCGRT data.
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Table C3. 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)

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 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. | also control for population density. *** p<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, Eurostat, and OxCGRT data.
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Appendix D. The list of occupations and sectors

Table D1. Full names of ISC0-08 2-digit occupations

ISCO-08 code Occupation

17 Chief Executives, Senior Officials, and Legislators

12 Administrative and Commercial Managers

13 Production and Specialised Services Managers

21 Science and Engineering Professionals

22 Health Professionals

23 Teaching Professionals

24 Business and Administration Professionals

25 Information and Communications Technology Professionals
26 Legal, Social, and Cultural Professionals

31 Science and Engineering Associate Professionals

32 Health Associate Professionals

33 Business and Administration Associate Professionals

34 Legal, Social, Cultural, and Related Associate Professionals
35 Information and Communications Technicians

41 General and Keyboard Clerks

42 Customer Services Clerks

43 Numerical and Material Recording Clerks

44 Other Clerical Support Workers

57 Personal Services Workers

52 Sales Workers

53 Personal Care Workers

54 Protective Services Workers

61 Market-oriented Skilled Agricultural Workers

62 Market-oriented Skilled Forestry, Fishery, and Hunting Workers
63 Subsistence Farmers, Fishers, Hunters, and Gatherers

71 Building and Related Trades Workers (excluding Electricians)
72 Metal, Machinery, and Related Trades Workers

73 Handicraft and Printing Workers

74 Electrical and Electronic Trades Workers

75 Food Processing, Woodworking, Garment, and Other Craft and Related Trades Workers
81 Stationary Plant and Machine Operators

82 Assemblers

83 Drivers and Mobile Plant Operators

91 Cleaners and Helpers

92 Agricultural, Forestry, and Fishery Labourers

93 Labourers in Mining, Construction, Manufacturing, and Transport
94 Food Preparation Assistants

95 Street and Related Sales and Services Workers

96 Refuse Workers and Other Elementary Workers

Source: Own elaboration.
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Table D2. Full names of NACE Rev. 2 sectors
NACE code Sector

Agriculture, Forestry and Fishing

Mining and Quarrying

Manufacturing

Electricity, Gas, Steam and Air Conditioning Supply

Water Supply; Sewerage, Waste Management and Remediation Activities
Construction

Wholesale and Retail Trade; Repair of Motor Vehicles and Motorcycles

T @O M om O O W >

Transportation and Storage
Accommodation and Food Service Activities

Information and Communication

Financial and Insurance Activities

Real Estate Activities

Professional, Scientific and Technical Activities

Administrative and Support Service Activities

Public Administration and Defence; Compulsory Social Security
Education

Human Health and Social Work Activities

Arts, Entertainment and Recreation

»w VWO UV o = = — X <

Other Service Activities

Activities of Households as Employers; Undifferentiated Goods and Services Producing Activities
of Households for Own Use

U Activities of Extraterritorial Organisations and Bodies

—

Source: Own elaboration.
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