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Abstract

The COVID-19 virus has spread within the last weeks to a large number of countries worldwide.
Increasing evidence suggests that the epidemics does notimpact everyone the same. In this note we
explore the main demographic differentials in the spread and impact of COVID-19 paying special
attention to the combined effect of age and gender, and to the differences at territorial level where
population density and size play a main role in the diffusion and effects of the disease in terms of
morbidity and mortality. This knowledge complements and refines the epidemiological information
aboutthe spread of the virus.

For this analysis, we rely mostly on descriptive exploration of data from The European Surveillance
System (TESSy) database developed at the European Centre for Disease Prevention and Control (ECDC)
on the number of cases and fatality rates. The analysis at territorial level, which we complement with
data from USAfacts about counties in the United States, studies the changesin RO — the infection
reproduction number—across territories with different levels of urbanization.

The findings confirm and define the differential impacts in terms of infections and fatalities. The
informationisimportant forstakeholders at EU, national and sub-nationallevels incharge of designing
an exit strategy from COVID-19 and anticipating the rebound for certain segments of the population
with differential medical needs, particularly those livingin high-density locations.



1 Introduction

Beyond aggregate measures on COVID-19 cases and deaths, several statistics have emerged showing
differencesthat are noticeable inthe spread of the COVID-19, between different age groups and sex,
and also countries, place of residence and regions.

In this article, we examine some of the main differentials emerging from The European Surveillance
System (TESSy) database developed at the European Centre for Disease Prevention and Control (ECDC)
and which collects around 30 variables for each COVID-19 case reported by the Member States with
full epidemiological detail and the main demographic characteristics of individuals (see Annex 1 for
sample description).

This analysis, disaggregated by demographiccharacteristics of COVID-19 cases and place of residence,
provides some evidence to develop an exit strategy and surveillance system to control and monitor
the spread of COVID-19 that takesinto account the specificcharacteristics of the virus spread on the
entire European territory. For the interpretation of the results, however, it is important to consider
the major differences across countriesin case and death counting procedures, inthe number and type
of tests and laboratory capacity, as well as the different phases of the epidemic that different
territories go through and that strongly influence the results of this analysis.

Thisreport extends the analysis implemented by the demographicteamin JRC-KCMD. The first report
compared cases and fatalities of COVID-19 by age and by provinces and regions in some of the most
affected countries, with the main objective to evaluate possible effects of the demographic
characteristics of population on the epidemic outcomes (Natale et al. 2020a). When considering
fatalitiesin relative terms across age groups, we do not find significant differences between countries,
since fatalities are uniformly concentrated in the population over 60years of age. Also while there are
cleargeographical patternsin the diffusion of the disease, these patterns are not relatedto differences
in the share of elderly across provinces and regions. The second report evaluated the potential socio-
economic vulnerability and epidemic risk by age, particularly focusing on the potential role of sodial
interactions for different groups in various settings in the exit strategy from COVID-19 (Natale et al.
2020b).

Old age has been identified as a risk factor to be affected compared to young and middle-age which
has mostly to do with the lower immunity due to frailty and higher prevalence of chronicillnesses in
the elderly population (Verity et al. 2020). A further factor of heterogeneity in mortality dueto COVID-
19 isgenderwhere large sexdifferences exist with men having higher risk compared to women (Dowd
et al. 2020, Caramelo 2020), which might have to do with the sex hormones like testosterone and
oestrogen that seems to be key in adapting the body’s immune response and the presence of other
risk factors, e.g. diabetes, hypertension and cardio-vascular diseases, that are affecting more men than
women. In this article, we analyse how the gender differential in the number of cases and fatalities
varies by age, showing that for all countries in our sample the difference peaks for the persons aged
60-69 years.

While density dependence —when the density of a population regulates its growth rates - has been
shown to have a greater influence on mortality for nonhuman hosts such as animals and insects
(Greenhalgh 1992), the fact that the spread of COVID-19 (like that of Middle East Respiratory Syndrome
(MERS) and Severe Acute Respiratory Syndrome (SARS) occurs between close contacts via aerosols and
droplets (Peerietal. 2020) renders the study of place of residence (urban/rural) and population density
highly relevant (see also Rocklév and Sjédin 2020). Furthermore, population density together with
othercomplex ecological factors play a large role in influencing the chance of emergence of zoonotic
infections. Using the data from TESSy for several European Member States and data for the US, we
show as expected that the degree of urbanization at regional/provincial/county levelshas a substantial
impact on the reproduction number RO. This finding has implications for the containment of the
epidemic which is more challenging in urban regions and for the exit strategy which could be
differentiated between distinctive population settlements as a necessary requirement to avoid a



rebound of the disease in high-density localities that have a high incidence of infection. This
corroborates analysisthat were done inthe framework of other SARS epidemics (Fang et al. 2009).



2 Gender differentials by age

2.1 Overview

Figures 1.A and 2.A display the age structure of the COVID-19 epidemic by gender for the whole
sample. Overall, the cumulative number of diagnosed positive cases is particularly large among the
population between 35 and 65 years of age. This group which consists mostly of a population of
working-age represents 50 percent of confirmed positive cases, indicating that the infection does not
only affectthe elderly (75+age-group is 20 percent of all cases).

The figures also capture gender differences in positive cases : more cases are notified among menaged
from 55 to 80 years old compared to women, while higher numbers of positive cases are reported
among women aged from 15 to 55 years and above 80. It shows that the male disadvantage is
particularly pronounced for the age group 65-70.

The fact that the diagnosed cases are higher among women below 55 years and among men in the
age-group 55-80 yearsis visible in Figure 3 for a selected number of Member States. However, some
national specificities can be observed. In Italy and Belgium, men aged between 60 and 80 are
respectively 1.5and 1.4 more likely to be reportedas positive as women (Figure 3). The higher number
of casesformen could be linkedto the fact that testing, especially in the early phases, of the pandemic
was primarily performed on critical cases. Since elderly men face more serious consequences than
women, they could, as a result, be more likely to be tested. For some other countries like Germany
and Portugal, the male tofemale casesratiois close to 1 around the 60-75 age groups.

When related to the total population by age groups, the proportion of diagnosed with COVID-19
patients is higher among women under the age of 50; in the sample, there are indeed 10 infected
women against 8 infected men for every 10,000 persons living in the countries below the age of 20
years. The proportionisaboutthe same for menand women around the age of 50-55 years; yet, from
the age of 58 onward, the male prevalence among notified positive cases becomes evident (Figure 1.B
and 2.B). The comparison across countries reported in our sample (Figure 4) confirms that positive
cases among the male population above the age of 60 years are overrepresented in relative terms
compared to female onesin many countries. The diagonal of Figure 4 indicates the equal distribution
between gender; values below the diagonal indicate the prevalence of casesamong men. At a higher
number of cases per 10,000 population, the male disadvantage seems also larger compared to
countries with lower relative numbers, except forIreland.

Since the number of positive casesinthe dataset corresponds largely to the number of symptomatic
individuals who were present at health facilities, this gives a broad indication?® that COVID-19 related
morbidity and mortality risks are of particularconcern for men. As Figure 1.C shows, the case fatality
rate (CFR -- the proportion of deaths from COVID-19 compared to the total number of people
diagnosed with the disease) confirms the male disadvantage: the CFRis higheramong menfor all age
groups. Overall, the male mortality disadvantage peaks at the age of 85 when the CFRfor men is9.7%
higher than that for women (24.1% and 14.4% respectively). Figure 5 shows that COVID-19 related
fatalities are higheramong men aged 60+ in all countries, with the exception of Cyprus and Slovakia.
Genderdifferences are particularly substantial in the Netherlands, where the CFR for men aged 60+ is
8 percentage points higher than for women (25% and 17% respectively), similar to Italy, where the
male CFR is 22 percentagainst 15% for women.

1 Accurate analyses of COVID-19 effects should be conducted at the end of the pandemic, when the number of
infected persons (symptomatic and asymptomatic individuals) and deaths will be counted. As well, many
countries have been testing some groups more widely irrespectively of symptoms, e.g. health care workers,
patients in long term care facilities, etc.



Figure 1 (A,B,C). Distribution of cases in absolute numbers (A), cases per 10,000 people (B) and case fatality rates (C) by age and gender
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Figure 2 (A,B,C). Distribution of the difference between male and female cases in absolute numbers (A), cases per 10000 peopl e (B) and
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Figure 3. Distribution of the male tofemale ratio of cases by age and country for ages between 60 and 80
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Figure 4. Comparison between cases per 10000 people above age 60 for men and women by country. Values below the diagonal indicate
that the number of cases is higher for men than for women in relative tems
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Figure 5. Comparison between the case fatality rates for men and women above age 60 by country. Values below the diagonal indicate
that the CFR for men is higher than for women.

25%

NL

CFR female

10%

14% 16% 18% 20% 22% 24% 26% 28% 30%

m
&
o
b
[;
N

CFRmale

Fatalities
0
5,000
10,000
15,000
20,000
23,100

Source: ECDC TESSy (May 11, 2020).

2.2 How to explain gender differentials

Our results suggestthat there is an age and gender divide in COVID-19 cases and fatality rates which
does not necessarily reflect the population structure. This is not unprecedented as seen from other
epidemics. During the Ebola epidemic,womenwere more likelyto be infected by the virus, given their
role as caregivers within families and their overrepresentation as health-care workers (Davies and
Bennett, 2016). Chinese official sources reported the higherrisk that female health workersincurred
in Hubei province, where more than 90% of health-care workers were women (Boniol etal., 2019). In
some European member states, there has been increasing evidence that outbreaks in elderly homes
have spilled overviathe health care personnel, whichis asector that commonly reports a majority of
female employees?. Itis clearthat such spill over could occur outside elderly homes, exposing patients
assisted at home to become additional clusters of infections. The higher number of cases among
women below the age of 55 in European Member States could also stem in part from their larger
participationin the health sectoras wellas from their higher care-giving responsibilities with the family
comparedto men. Figure 6 shows that the proportion of health care professionals amongdiagnosed
cases is substantially larger for women than for men. However, the data have to be interpreted
carefully since healthcare workers could be over-represented as they are much more likely to be
tested.

2 See for instance: https://www.ecdc.europa.eu/sites/default/files/documents/covid-19-rapid-risk-assessment-
coronavirus-disease-2019-eighth-update-8-april-2020.pdf (May 24, 2020)
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Figure 6. Percentage of healthcare workers among cases by age and gender. Overall healthcare workers represent 6.6% (25,963) of the
total of cases
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The male disadvantage is evident in COVID-19 fatality. Although current disaggregated datasets are
incomplete and should be cautiously interpreted, the higher fatality rate for men may derive from
gender-based immunological differences [Chen et al., 2020], or be associated with comorbidities,
including hypertension, cardiovascular diseases and drinking alcohol more commonlyobservedamong
men [Editorial The Lancet, 2020].

Previous outbreaks have shown the relevance of analysis of the role of women in society into the
response efforts and definition of policy interventions. These results also confirm that the current
pandemicislinked to the specificdemographiccharacteristics of the population resulting in outcomes
that affect the populationin an uneven way. This evidence therefore has significant implications for
the definition of an exit strategy. The effectiveness of measures to gradually lift the lockdown and
reopenthe economy will also depend on the integration of the demographic profile intoits strategy.
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3 Territorial differences

With the rapid spread of the COVID-19 pandemic, attention has focused primarily on the hardest-hit
urban regionsin terms of number of cases and deaths, including Wuhan, Milan, Madrid, London and
New York City. Althoughthe incidence of the virusis highestgloballyin the dense and populated urban
centres, the epidemichas also spread outside of big cities, with possible importantimplications for the
evolution of the reproduction number and mortality between urban and rural regions.

Whileitis commonly assumedthat high populationdensity increases the vulnerability of some regions
to epidemics due to the high frequency of social and economic interactions, this is not clearly
supported by the health geographical evidence on the evolution of earlier pandemics (Garrett, 2007;
Chowell etal., 2008; Li et al., 2018). Accordingto Chandra et al. (2013) on the influenza pandemic of
1918-19 in India, there is also a threshold level of population density of 175 people per square mile
above which social distancing and quarantine policies are more effective.

However, population density is certainly an essential element in understanding virus transmission,
evenifitisone among many of the key factors determining vulnerability of some regions to the virus.
Fromsmall villagesinthe Lombardy and Veneto regionsin Northern Italy to large global metropolises,
COVID-19 has hithard in very different places, showing that the link between population density and
the virustransmissionis noteasy (see Figures A2.1and A2.2 inthe Annex). Moreover, urban and rural
regions differin many dimensions, including population volume, age, education, wealth, social capital
and type of work. All these factors can jointly influence the vulnerability and resilience of different
placesto the virus.

Figure 7 provides a descriptive overview of the duration of the epidemic in each province (days
between first and last reported case) grouped three typologies of degree of urbanisation (See
Appendix 1 for details on the sample composition and the time span for each country3). For this
analysis, we follow the Eurostat classification of urban-rural regional typology* to indicate the category
of a region - urban, intermediate and rural - based on the share of local population living there. The
sample consists of 187 urban regions, 374 intermediate regions and 286 rural regions at different
stages of the epidemic (see Annex 2). Since the first COVID-19 case was detected, the pandemic has
evolved more rapidly and with a higher incidence in most urban regions, where a large share of the
European population lives®. The spread of the virus decreases along with the degree of population
density, from intermediate to rural regions. Overall, the lower population density outside urban
regions seemsto have potentially contributed to a lower incidence of thevirus®. Whereas intermediate
and rural regionsin Europe are not immune to the risks associated with the spread of the virus, they
might be particularly vulnerable to the virus due to the population demographics (higher share of
elderly population and of chronic diseases than in urban regions), income level and limited access to
medical resources due to a shortage of health workers, hospitals and intensive care beds.

3 Itisimportantto note thatthe availability of data on the virus spread is nothomogeneous in all regions analysed
and that these variations may depend on the number of tests carried out in each place.

4 Eurostat's definition for urban-intermediate-rural regions are applied to NUTS level 3 regions. The urban-rural
typology (https://ec.europa.eu/eurostat/web/rural-development/methodology) is a classification based on
the following three categories: a) predominantly urban regions, NUTS level 3 regions where more than 80%
of the population livesin urban agglomerations; b) intermediate regions, NUTS level 3 regions where more
than 50% and up to 80% of the population live in urban agglomerations; c) predominantly rural regions,
NUTS level 3 regions where at least 50% of the population live in rural grid cells.

5 Accordingto Eurostat, in 2019, 40% of the European populationlivedin urban regions, 39% lived in intermediate
regions, and 21% livedin rural regions.

6 Since the beginning of the epidemic, outbreaks and positive cases have been more limited in rural and
intermediate regions.
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Figure 7. Days betweenthe first and the most recent reported case by urban-rural regional typology of EU provinces. Each circleis
representing a province, the size is proportional to the number of cases and the horizontal line is the average with 95% confidence by
the urban-rural regional typology
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Source: ECDC TESSy (May 11, 2020).

Figure 8 shows the territorial disparity in the contagiousness of the virus, as measured by the Basic
Reproduction Number RO, corresponding to the average number of secondary infections from one
case at the beginning of the epidemic. We track the number of cases through the daily estimated RO
to determine the different levels of infection by regions (the calculation method is explained in Annex
3).

The differences in contagiousness based on reported cases follow the territorial demarcation lines.
The virus mainly affects the population where they are the more numerous, i.e.in urbanregions. For
those who do not live in urban regions, the impactis smaller. In the first 10 days of the epidemic, the
estimated RO (with 95% Cl) was equal to 3 in urban regions, i.e. each new positive case of COVID-19
has produced three new casesin urbanregions. The average forintermediate regions at the beginning
of the epidemicwas about 2.8 new cases perinfected person, followed by rural regions with an average
of 2.6. Duringthe course of the infection,ROvalues have decreasedin the three different geographical
units; on the 40th day since the outbreak began, in the three regions RO values continue to be well
above 1, whichisthe level above which the infection will continue to spread?®.

7 We consider RO rather than R since the analysis is carried out at the early stages of the epidemic.
8 According to the WHO, the pandemicinfluenza virus (H1N1) 2009, or swine flu, had a RO between 1.2 and 1.6,
which made it easier to control its spread than viruses with greater transmissibility.
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Figure 8. RO by the urban-rural regional typology of EU provinces®. The calculation is repeated considering increasing temporal windows
(10-40 days) since the start of the epidemic. Each circle is representing the calculation of RO for a province and the horizontal lineis the
average of RO with 95% confidence intervals by the urban-rural regional typology
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The following series of graphsillustrates the results of the several sensitivity analyses that have been
conducted using different territorial classifications, based on absolute measures of settlement
populationsize. In particular, Figure 8displays the resultsaccording to 5 different territorial classes for
Europe, while Figure 9 shows 9 classes for the counties in the United States based on data from
USAfacts.org (see Annex 1), which allows us to see more clearlythe course of theinfection. In all cases,
virus transmission depends largely on the population size. These additional territorial classifications
confirmthe results of an epidemicinfection that - at each stage - mainly affects the largest and most
densely populated regions and a progressive reductioninthe number of infections as population size
decreases. Moreover, with time, the regional disparities become smaller. Overall, this analysis
confirms a clear relationship between settlement population size and viral infections across
populations, although a limitation of this analysis could be that testing intensity and access to testing
would be higherin more densely populated areas, but is unlikely to overturn the gradient that we
observed. Population size is a factor determining the level of infection at each stage of the epidemic,
and regions/counties with large cities with more than 1 million inhabitants have the highest RO, while
less populatedregions have the lowestvalues. Inthe case of the United States, the gradient of RO for
detailed population size classes is robust for all time periods, with decreasing RO values during the
course of the epidemic. There are few exceptionsin Europe to the general trend observed with some

9 Traditionally the OECD has classified TL3 regions as predominantly urban, intermediate, or predominantly rural
regions (respectively 3_PU, 3_IN,3_PR). This typology is mainly based on population density in each local
unit, combined with the existence of urban centres where at least one-quarter of the regional population
reside.
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remote regions having higher RO than more populated regions which would require further
investigation.

Figure 9. RO by metro region by size and non-metro region by distance to city by size for EU provinces?°. The calculation is repeated
considering increasing temporal windows (10-40 days) since the start of the epidemic. Each circle is representing the calculation of RO
for a province and the horizontalline is the average of RO with 95% confidence intervals
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Source: ECDC TESSy (May 11, 2020).

10 This method classifies metro and non-metro regions. Metro regions are classified according to the population
size of the functional urban area (FUA) into metro region with a FUA of at least 1 million inhabitants and a
metro region with a FUA between 250,000 and 1,000,000 inhabitants. Non-metro regions are classified
according to the distance to a FUA and the population size of that FUA into: region near a FUA with more
than 250,000 inhabitants, region neara FUA with between 50,000 and 250,000 inhabitants and a remote
region.

https://www.oecd-ilibrary.org/urban-rural-and-regional-development/classifying-small-t|3-regions-based-on-
metropolitan-population-low-density -and-remoteness b902cc00-en
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Figure 10. RO by the degree of urbanisation of US counties!. The calculationis repeated considering increasing temporal windows (10-
40 days) since the start of the epidemic. Each circle is representing the calculation of RO for a county and the horizontal lineis the
average of RO with 95% confidence intervals by the degree of urbanisation
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Metro - Counties in metro areas of 1 million population or more
Metro - Counties in metro areas of 250,000 to 1 million population
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¥ Nonmetro - Urban population of 20,000 or more, adjacent to a metro area
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Source: USAFacts https://usafacts.org/visualizations/coronavirus-covid-19-spread-map/ (April 27,
2020).

11 The 2013 Rural-Urban Continuum Codes form a classification scheme that distinguishes metropolitan counties
by the population size of their metro area, and nonmetropolitan counties by degree of urbanization and
adjacency to a metro area. https://www.ers.usda.gov/data -products/rural-urban-continuum-codes.aspx
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4 Conclusion

Results from the analysis suggest that there is an age and gender divide in COVID-19 infection and
fatality rates which does not necessarily reflect the population structure. There are more reported
cases of diagnosed women by COVID-19 compared to menin the populationbelow the age of 60years.
One possible reason is that women represent a high percentage of workers in the health care sector
and care facilities and are therefore at the forefront of the fight against COVID-19. Moreover, by
workingin health and care facilities they have a potentially higher chance of being tested.

Between 60 and 80 years old, more men were diagnosed positively compared to women. The male
disadvantage is particularly pronounced for the age group of the 65-70 years old, especiallyin Italy. A
tentative explanation for the higher number of cases for men in Italy compared to other countries is
that only hospitalized patients were tested (especially at the beginning of the epidemic) and elderly
men who are facing more serious consequences are more likely to be hospitalized. Although thisisalso
the case forother countries (like France orthe Netherlands), this patternis more visiblein Italy.

While inabsolute terms there are overall more women than men diagnosed with COVID-19 above 80
years of age, inrelativeterms - to the size of the total population - we observe that the male population
above the age of 60 years is overrepresented compared to the female ones in the large majority of
European countries. The COVID-19related mortalityrisks are of particular concern formenas the case
fatality rate is higheramong menfor all age groups.

The analysis of differences in the infection reproduction number along the continuum of
provinces/regions/countiesin Europe and in the United States shows a clear disadvantage for urban
regions, especially at the start of the epidemic. The difference between regions of residence becomes
smallerasthe epidemicdevelops and the reproduction number decreases.

Our analysis faces some limitations because we consider only diagnosed cases and fatalities as
reported by TESSY data, at the national and sub-national levels There are also significant differences
inthe number of tests and capacityof testing between countriesand regions and over time. As a result,
the completeness of case-based data varies by country (compared to the overall number of reported
cases)(see AnnexFigure Al.1).

The analysis shows the importance of accurate and timely collection of data that differentiate and
categorize COVID-19 affected populations beyondthe reportingof the sheertotal number of cases and
fatalities.

Overall, this paper shows the relevance of a demographic differentiated analysis of the COVID-19
infection in the European member states population. The observed significant heterogeneity by age,
sex and place of residence of the population will be a key information to guide the preparedness and
response In healthcare facilities, the definition of policy interventions, particularly with the design of
the exit strategy which shouldintegrate demographicand geographic profiling. This could possibly lead
to gradual virus deconfinement plans depending on the structure (e.g. prolonged confinement for
residents and personnelinretirement houses), or on the place of residence (e.g. special plans for large
cities). The observed gender differences point at the need to pay special attention to health care
workers—regardless whetherthey are male orfemale.
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Annexes
Annex 1. Data and methods

The European Surveillance System (TESSy) database developed at the European Centre for Disease
Prevention and Control (ECDC) includes detailed information on 574 000 positive cases as of May 11.
There are noticeable differences in data provision between countries, reflecting differences in the
epidemicphase and testing procedures'? adopted during the periodsof data collection. Table A1.1and
Figure A1.1and Al.2 provide an overview of the sample composition.

We used the number of cases provided in TESSy without filtering. The published numbers in TESSy
might suffer from discrepancies due to the fact they are sourced from different institutions, with
different methodologies and across different time zones, and need time to be validated properly.
While the numbers have to be used with caution and users should be aware of the limitations, they
still provide some valuableinformation.

Given the low coverage we excluded from the analyses data from Bulgaria, France, Croatia, Hungary
and UK.

Data for France at provincial level were not available in ECDC-TESSy and were downloaded from
Géodes (Géo données en Santé Publique) (April 29, 2020). The reporting system in Géodes is not
exhaustive and the number of reporting establishments varies over time. Some patients, present in
the hospital database ata giventime, are withdrawn from the database by healthcare establishments
whenthe patient's biological resultis negative compared to Covid-19.

The data for the US counties was downloaded from USAFacts (https://usafacts.org) USAFacts.org on
28 April. USAFacts relies on Centers for Disease Control and Prevention (CDC), state - and local-level
publichealth agencies. County-level datais confirmedby referencing state and local agencies directly.
The time period coveredis 22 January to 20 April 2020 and covers 771 442 confirmed cases.

12 While the World Health Organisation (WHO) provides recommendations on testing all symptomatic individuals
with fever, cough and/ordifficulty breathing, screening procedures for COVID-19 thatare adopted by national
health authorities can vary between and within countries.
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Table Al1.1. ECDC TESSy sample composition

UK

Source: ECDC TESSy (May 11, 2020).

Female
8,068
7,650

3
439
4,100

88,331

5,991
953

3,037
4,551
28
12,808
822
101,591
807
1,828
324
193
27,158
4,070
3,268
15,626
14,961
705
47

Cases
Male
7.668
6,756
3
439
3,729
80,497
4,365
771

2,961
4,202
46
9,508
797
91,848
582
1,856
373
301
15,840
4,035
2,681
10,925
11,196
692

74

Unknown

32

396

2,141

1,319

68

522

59

Female
2.6%
2.5%
0.0%
0.1%
1.3%

28.7%
1.9%
0.3%

1.0%
1.5%
0.0%
4.2%
0.3%
331%
0.3%
0.6%
0.1%
0.1%
8.8%
1.3%
1.1%
5.1%
4.9%
0.2%
0.0%

% of Total cases
Male

2.9%

2.6%

0.0%

0.2%

1.4%

30.7%

1.7%

0.3%

1.1%
1.6%
0.0%
3.6%
0.3%
35.0%
0.2%
0.7%
0.1%
0.1%
6.0%
1.5%
1.0%
4.2%
4.3%
0.3%
0.0%
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Unknown

0.7%

8.7%
0.0%

47.1%

29.0%

1.5%

11.5%

0.0%

0.0%
1.3%

0.1%
0.0%
0.0%

Female
1.7%

0.0%
0.3%
17.4%

0.1%

0.3%
0.6%
0.0%
3.1%
0.0%
56.9%
0.2%
0.2%

0.0%
15.1%
0.6%
0.5%
2.9%

0.1%

% of Total fatalities
Male
1.4%

0.0%
0.2%
15.2%

0.0%

0.2%
0.5%

2.2%
0.0%
64.1%
0.1%
0.1%

0.0%
12.9%
0.5%
0.5%
1.9%

0.0%

Unknown

3.5%

86.8%

8.8%

0.5%



Figure Al.1. Overviewof coverage of the dataused in the analysis. The bars represent the percentage
of cases with detailed information on age, genderand province in respect of the aggregated figures.
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Figure A1.2. Temporal coverage of casesreported in ECDC-TESSy (May 11, 2020).
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Source: ECDC TESSy (May 11, 2020).
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Annex 2 Geographical coverage of territorial data

Figure A2.1. Geographical coverage of the data usedin the territorial analysis forthe EU. The colours
represent the number of cases per 10000 people. The colour scale is centred at the median value of

10.9. The data only includes cases for which information on the place of infection or residence was
available atthe provincial level (NUTS3)

© 2020 Mapbox © OpenStreetMar
Cases per 10000 people

!

1.0 164.0

Source: ECDC-TESSy (May 11, 2020). Data for France at provincial level were not available in ECDC-
TESSy and were downloaded from https://geodes.santepubliquefrance.fr/ (April 29, 2020).
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Figure A2.2. Geographical coverage of the data on cases in the territorial analysis for the US. The
colours represent the number of cases per 10,000 people. The colour scale is centred at the median
value of 72
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Source: https://usafacts.org/visualizations/coronavirus-covid-19-spread-map/.
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Annex 3 RO calculation method

A key indicator to monitor the spread of a disease and to design control measures and vaccination
campaignsis the reproductive number RO. RO by itself does not tell how fast the disease is spreading
but rather how difficult itis to contain it. The value of RO is affected by the infectiousness of the
pathogen, the contacts’ intensity and the infectivity of individuals.

Takingas constantinfectiousness and infectivity, we can assume that changesin RO across territories
are depending on the effect of population density on the intensity of contacts. The rationale is that
higher population density which is reflected in the definition of the urban typology may imply a higher
RO by increasingthe probability of contacts betweenindividuals.

One of the most common approachesto calculatethe ROespecially inthe initial phasesof the epidemic
isto examine the observed exponential epidemicgrowth rate of cases (Wallinga & Lipsitch, 2007).

The mathematical relation between ROand the exponential growth rate is described by the following
equation.

R =1/M(-1)

Where M is the moment generating function of the (discretized) generation time distributionandr is
the exponential growthrate in ourcase estimated using a Poisson distribution.

The generation time distribution refers to the time lag between infection in a primary case and a
secondary case. Since this is often not available, as a substitute we use the serial interval distribution
whichisdefined asthe periodbetween theappearance of symptomsintheinfectorandintheinfectee.
For COVID-19 we rely on values reported in (Zhanwei Du et al., 2020) which have been calculated
examining 468 confirmed cases of 2019 novel coronavirus diseasereportedin Chinaas of February 8,
2020 (meaninterval of 3.96 days, SD 4.75 days).

For the calculation we use the package RO (Obadia et al., 2012). After constructing the specific
epidemic curves for each territorial unit (NUTS3 for the EU and counties for the US) we iterate the
calculation of ROforeach curve. Finally, we represent the results by different groupings of rural-urban
typologies.

Anotherimportantaspectto considerinthe calculation, is that ROchanges depending on the phase of
the epidemic, starting from the highest value during the exponential growth phase and gradually
approaching the target of below 1 which is signalling that the epidemic is dying out, either
autonomously orunderthe effect of containment measures. We want to testif the differencesin RO
between territories are persisting independently from the phase of the epidemic. For this we repeat
the calculation of RO considering increasing temporal windows of 5to 40 days and including in each
calculation all the territories which have the epidemiclasting at least for the durationof each temporal
window.
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