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Abstract

This article examines cross-national differences in growth of deaths by COVID-19 over time
in the first phase of the pandemic, during the time period of 315 December 2019 to 2" April
2020. We seek to understand and explain country level reaction in the initial period of the
pandemic. We explore socio-economic and socio-political country characteristics as deter-
minants of deaths per day and we examine whether country characteristics act as moderat-
ing factors for different growth patterns of deaths per day over time. The country
characteristics include variables about economy, globalization, health care and demogra-
phy. We examine data published by the European Center of Disease Prevention and Con-
trol (ECDC) in combination with World Bank data and a webscraping approach. Using a
conditional growth model specified as a multilevel regression model with deaths by COVID-
19 per day as the outcome variable, we show that economic variables are not significantly
associated with decrease or increase of deaths by COVID-19. In contrast, variables about
national health care mitigate the impact of the pandemic. Demography shows expected
effects with an increase of growth of deaths in countries with a higher percentage of people
older than 65 years. Globalization predicts the death toll as well: Social interaction between
people is deadly on a short-term scale (in the form of tourism). Our results mirror frequent
demands for global investment in national health systems.

1. Introduction

The recent pandemic of Corona Virus (COVID-19) comes with extraordinary challenges for
all countries and residents all over the world. We want to contribute to the question of which
socio-economic and socio-political characteristics of countries are associated with deaths per
day caused by COVID-19 at the very beginning of the pandemic. Crucial to our question is
how infection activity, in the form of deaths, behaves in the initial period of the pandemic with
respect to quantifiable metrics of a country. This analysis offers a general image on pandemic
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performance and preparedness when no specific measures to mitigate the spread of the virus
have taken place yet.

To be more precise, we look at effects of economic factors (national wealth and economic
growth), global contacts (e.g. national inbound tourism), health factors (e.g. national health
expenditures and health infrastructure), and socio-demographic factors (e.g. age structure).

The paper follows an explorative approach guided by two research questions: Firstly, ana-
lyzing factors affecting growth over time: Which country characteristics are associated with an
increase or decrease of deaths per day caused by COVID-19 in the initial wave? Secondly, do
country characteristics moderate the positive or negative growth of deaths per day? The last
question is essential for the analysis of country differences during the pandemic, since this
means we are asking whether economic or socio-political country characteristics play a crucial
role in the increase or decrease of deaths per day. Our main contribution to the existing litera-
ture lies in the ability to estimate the “velocity” of the development of the death toll dependent
on country level characteristics.

Subsequently, we run a longitudinal multilevel analysis of macro variables of 61 countries.
We examine data published by the European Center of Disease Prevention and Control
(ECDC) in combination with World Bank data and a webscraping approach.

2. Analytical background

We propose that the spread of infectious diseases due to country level factors can be summa-
rized in four pathways: via economic competition, degrees of connectivity, population
dynamic and protective measures.

Economic competition forces livestock manufacturers and farmers to create conditions
under which diseases can spread more easily. Minimizing costs in production to be able to
compete in globalized markets often means keeping a higher density of animals in the same
area and reducing the quality of pet food and care. It was shown that the animal to human
transmission of the Nipah virus was largely due to the change in farming practices caused by
economic expansion in combination with habitat destruction [1]. Bilal et al. discuss the associ-
ation of periods of macroeconomic growth with increases in population mortality and show
that social protection policies can mitigate negative effects of economic growth on health [2].
Toffolutti and Suhrcke address the connection between austerity (i.e. tight fiscal policies) and
mortality, but they also show that fiscal stimuli tend to increase death rates [3]. From perspec-
tive of the welfare state, higher national and individual health is associated with a better
resource allocation, better standard of living and better medical measures. Overall, the connec-
tion between population health and economic factors seems to be complex with conflicting
effects.

Globalization and population health (health status and health outcomes of groups and indi-
viduals) are connected through interrelated patterns driven by demographic and social
changes, environmental impacts and economic activities, pointing to negative as well as posi-
tive associations between globalization and health [4]. With regards to global disease epidem-
ics, the recent WHO report on “A world at risk” [5] clearly addresses the connection between
an increasingly globalized world and health emergencies. Higher degrees of global connectivity
enable a faster spread of diseases. Without human-made paths, disease spread fizzles out more
quickly. According to Baker, higher degrees of transportation and cross-border interaction in
the form of travellers (tourism), trade and traffic increase the degree of connectivity between
potential disease nodes [6]. Globalization can therefore be seen as a catalyst for disease diffu-
sion [7].
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Since economic expansion is linked to population ageing [8], susceptibility to diseases
and infections increases along with economic expansion. A side effect of higher educa-
tional attainment, labour market participation and the subsequent decline of fertility rates
is the increase in average population age and therefore a higher prevalence of pre-existing
diseases and lower levels in physical functioning (Baker 2015, Ceddia et al. 2013, Stenholm
etal. 2015) [6, 7, 9].

In order to cope with exposure to potential health hazards, individuals will have to use
resources provided by their environment [10]. The equipment of and access to the respective
health care system is therefore predictive in both the spread of disease and its fatal conse-
quences. Resource gaps and overload of medical institutions have been shown to be a primary
driver in the development of deaths during pandemics [11].

Recent studies considered similar indicators and their effect on the death toll by COVID-19
in cross-country analysis. In one study [12], the amount of annual tourists was a strong predic-
tor for cumulated deaths and cases by COVID-19 infection, as well as hospital beds and num-
ber of nurses per 1000 people. In Farzanegan et al. a more global measure of globalization
showed predictive power on the number of reported COVID-19 cases, but not on confirmed
deaths [13]. The cited studies offer elemental insight using both cross-sectional and cumulated
data in a basic linear regression framework without addressing the hierarchical and longitudi-
nal nature of the data. We complement the existing literature by offering a longitudinal, multi-
level approach, which permits us to estimate cross-level interactions on the daily death toll.
Further, we offer a measure of country specific COVID-19 testing capacity, which gives addi-
tional robustness to our results.

Other pandemic drivers such as the institutionalized population [14] or the reliance on
industries which employ no social distancing measures (e.g. working from home) are not
directly included in our analysis. However, these drivers are linked to a variety of variables in
our model. For example, country level human capital (captured by high school enrolment
rates and GDP) is a determining factor for a shift towards more employment in the service
and communication industries [15], which facilitates social/physical distancing measures. Fur-
ther, hospital beds have been shown to be inversely correlated to incarceration rates [16, 17].
In order to maximize the sample size, we rely on the more global indicators, such as GDP, edu-
cational enrolment rates and number of hospital beds.

In the following analyses, we address the question of whether national economy, health sys-
tem, global connectivity and demographic characteristics are associated with deaths by
COVID-19 in a multivariate setting. We place special focus on whether such country charac-
teristics moderate the growth of deaths per day.

Fig 1 shows our multilevel model of direct effects as well as moderator effects of economic
factors, health factors, demography and globalization (Level 2) on the amount and growth of
deaths per day over time (Level 1).

3. Data and methods

We are interested in infection activity at the beginning of the pandemic, when various
counter-measures and long-term strategies had not yet been fully implemented. This raises the
question of what to consider the “initial period”, especially considering lockdown measures
(restrictions of individual and mass movement to achieve spatial distance) vary in strength
and time of first implementation. E.g. Italy started the first nation-wide lockdown on March
03, 2020, while Germany started on March 23, 2020. The United Kingdom did not have a
nation-wide lockdown at all. We use the average duration between infection and death to
determine where to set the cut-off point. According to the literature, this is 16-18 days
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Fig 1. Analytical multi-level model.
https://doi.org/10.1371/journal.pone.0256736.9001

[18, 19]. Using this approach, we try to gather data on the death toll, even if first lockdown
measures have already taken place.

About 50% of the countries studied in our dataset are from Europe. We used a cut-off point
of the lower bound 16 days from the day on where the majority of European countries were
already at their first lockdown (March 17), which gives us April 02, 2020. Therefore, our results
are restricted to a relatively short time period of approximately three months (2019/12/31-
2020/04/02, total 94 days)-which we consider the beginning of the pandemic (except China
which is not included in our analysis).

For the analysis, we matched data provided by the European Center of Disease Prevention
and Control [20], World Bank [21] and international health ministries. ECDC data contained
country-level daily numbers for reported cases of COVID-19 infections and deaths. World
Bank indicators provided macroeconomic information by country. Finally, we applied a web-
scraping approach to gain a database with a collection of health ministry press releases to
obtain an approximation for country level COVID-19 testing. The health ministry press
releases are collected on the Wikipedia page for Covid-Testing (see https://en.wikipedia.org/
wiki/COVID-19_testing). Webscraping press releases or metadata of public institutions to
gain lacking data on public health issues has been applied to link incarceration and HIV rates
[22] and to detect community autism spectrum disorder rates [23]. Further, Wikipedia has
been deemed helpful for public health needs [24] and especially for modelling trends of the
Coronavirus outbreak (Doganer, 2020) [25]. The webscraping process is carried out as follows:
making use of the editing page history of the Wikipedia Covid-Testing website and the
included metadata (date and time), all tables of the press releases with their respective number
of applied national Covid tests were gathered for the defined time period. Naturally, there exist
several versions of a table per day, since the tables are updated multiple times a day. We chose
the last update of a table in a given day to define the testing capacity of a country on a given
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day. Website content is retrieved either by using a browser plug-in to locate relevant HTML
objects or manually via the browser’s developer mode when necessary.

Our data consists of two levels: daily reports on deaths by COVID-19 (Level 1) nested
within each country (Level 2) (see Fig 1). To deal with this type of hierarchical data, we esti-
mate a multilevel regression with random intercepts and random slopes for longitudinal data
[26, 27]. Multilevel models have several advantages when dealing with hierarchical data,
including corrected standard errors and the ability to estimate cross-level interactions. This
allows us to investigate the influence of country level context variables on the daily reported
death toll and the difference of the slopes of the change over time. To detect macro level effects
on the course of the development of daily deaths, interactions of growth over time with macro
variables are calculated.

After applying listwise deletion (dropping countries form the dataset in case of missing val-
ues in country level data), the final data set for multilevel analysis includes 61 countries from
Asia, Europe, North and South America, Middle East, and Oceania. The country codes of
included countries are: ARE, ARG, ARM, AUS, AUT, BEL, BHR, BLR, BOL, BRA, CAN,
CHE, CHL, COL, CRI, CZE, DEU, DNK, ECU, ESP, EST, FIN, FRA, GBR, GRD, HRV, HUN,
AND, IND, IRL, IRN, ISL, ISR, ITA, KAZ, KOR, LTU, LVA, MEX, MLT, MYS, NOR, NPL,
NZL, PAN, PER, PHL, POL, PRT, ROU, RUS, SGP, SRB, SVK, SVN, SWE, THA, TUR, UKR,
URY, and USA. According to Hox (2010: 235) it is suggested having a sample size of at least 50
units on level 2 and at least 20 units on level 1 to analyze cross-level interactions, which is the
focus of this paper. Following to this rule of thumb, with 61 countries (level 2) and 94 days on
level 1, the sample size in our study is sufficient on both levels.

4. Measures

On Level 1, the dependent variable is measured as the reported total amount of deaths per day
due to COVID-19 infection for each country between 2019/12/31 and 2020/04/02 (94 days).
Further, we take days before the last measurement occasion (2020/04/02) in each country as
the independent time variable. The variable is 0-centered, where 0 corresponds with the last
day of reported cases (the days before the last day are therefore represented with negative num-
bers). This allows us to take a look at the effects of country-level characteristics on the last day
of measurement occasions. Since deaths per day over time do not occur in a linear function
(see Fig 2B), we took the logarithm of the day counter to estimate a positive logarithmic

a) All countries in ECDC dataset b) 59 selected countries in our study
Development of confirmed death cases due to COVID-19 infection Development of confirmed death cases due to COVID-19 infection
All availabe countries included (n = 189) Selected countries for analysis (n=61)
1000 - ™ u 1000~ . '
. :-.t' :u.l.
£7n ':." grn w'* g
(é - .. . o Ié‘\} = -. . L4
g 500 5 g 500- e
E Je O Y ‘. 5

seet®**®
0- ™ _.':'-g'

Jan 2020 Feb 2020 Mrz 2020 Apr 2020 Feb 2020 Mrz 2020 Apr 2020
Date Date

Fig 2. Deaths by COVID-19 over time (31** December 2019 to 2% April 2020). a) All countries in ECDC dataset. b) 61 selected countries in our study.
https://doi.org/10.1371/journal.pone.0256736.9002
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function (because of the negative numbers in ,,days before last measurement occasion®, we
took the LOG in the following way: days(log) = (-1) * log((days before last measurement
occasion®-1)+1). The result is a scale which still is at “0”at the last time point of our measure-
ment period.

4.1 Economic factors

Variables included are GDP per capita based on 2011 purchasing power parity of international
Dollars (divided by 10.000) and the five-year-averaged GDP growth rate. GDP has shown to
be a valuable predictor for health outcomes [28, 29].

4.2 Demographic factors

Variables include population age (percentage of 15 to 64 year olds, percentage of 65 and above
year olds), enrolment rate to secondary education (percentage of total enrolment to corre-
sponding age group), total number of inhabitants (divided by 100.000) and population density
(divided by 1000).

4.3 Globalization factors

We include net migration (total number of migrants less the annual number of emigrants
divided by 100.000) and annual total international inbound tourists (divided by 100.000) in
line with previous studies on globalization and the COVID-19 outbreak [12, 13].

4.4 Health factors

Variables include confirmed COVID-19 infections (country level averaged divided by 1000) to
get a measure of national exposure, hospital beds per 1000 people and five-year-averaged
health expenditures as percentage of the GDP. These measures are common in social science
and health research [28]. The amount of conducted COVID-19 infection tests was reported
for each country in different intervals. It is essential to control for this measure since testing is
assumed to be endogenous. Some countries only reported for one day or the total applied tests.
For each country the number of conducted tests was averaged across all available time points
(and divided by 1000) to get national COVID-19 testing as a control variable in our statistical
analysis.

In order to get interpretable zero values of all level 2 variables, the overall or grand mean of
each variable was subtracted from the values of the respective variable [26 pp61]. This grand
mean centering results in receiving a zero value that corresponds to the mean of the variable
over all countries.

5. Results

The appropriateness of conducting a multi-level analysis is given by calculation of the Intra-
class correlation (ICC) of the unconditional intercept-only model. The ICC reflects the share
of variance that can be traced back to the group (country) level and is suggested to be larger
than 0.10 [26 pp244]. Our results reveal that the proportion of variance of deaths per day is
15.4% at the country level. The predictor model (including level 2 covariates) compared to the
unconditional growth model (without level 2 covariates) shows a significant improvement in
the Chi” deviation (Chi® = 220.8, df = 27, p = 0.000), justifying our multi-level model.

Table 1 shows the results of the multilevel regression. Due to the fact that all country vari-
ables were mean centered, all reported effects can be interpreted in a way that all other vari-
ables being on their mean value. We used nested models where we successively added cross-
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Table 1. Worldwide deaths by COVID-19: Multilevel analysis of longitudinal country-level data (31 December 2019 to 2™ April 2020).

Estimates (SE)

Model

1

2

3

4

5

(Intercept)

113.86"* (11.78)

113.87*** (11.77)

113.91%** (11.70)

113.94"** (11.48)

113.94°** (11.36)

Level I predictors:

Days(log)

68.38"** (10.24)

67.21*** (10.55)

68.64"** (9.43)

69.52%** (7.58)

69.30"** (7.11)

Level IT Country characteristics:

Economic factors:

National Wealth (GDP/c, 10.000ppp)

-13.99 (10.00)

-14.74 (10.01)

-13.89 (9.93)

-13.49 (9.73)

-13.92 (9.66)

Economic Growth (%, 5 years)

-10.83 (7.71)

-10.76 (7.71)

-10.71 (7.65)

-10.60 (7.50)

-11.50 (7.44)

Health factors:

Exposure: confirmed COVID-19 infections

359.52*** (59.83)

360.21*** (59.80)

360.91"** (59.42)

362.24*** (58.27)

363.22%** (57.71)

Hospital beds per 1000 people

-18.86** (6.67)

-18.82** (6.67)

-19.30%* (6.63)

-18.39** (6.50)

-19.22%** (6.44)

Health expenditures (% of GDP, 5 years)

-905.12 (834.25)

-901.66 (833.78)

-995.20 (829.03)

-900.28 (811.92)

-969.79 (805.64)

Average COVID-19 tests per day

25.88" (13.04)

25.82% (13.02)

25.79* (12.95)

25.39* (12.70)

25.28* (12.57)

Demography:

Age: % of 65+ year olds

872.87* (412.87)

868.77* (429.55)

903.96* (410.16)

845.25* (402.04)

898.34" (398.34)

Age: % of 15-64 year olds -103.18 (430.96) -88.50 (430.81) -102.24 (428.0) -116.55 (419.72) -99.78 (415.89)

Enrolment rate to secondary education 65.94 (86.94) 69.14 (86.92) 66.34 (86.35) 67.94 (84.66) 65.58 (83.89)

Population size -0.29"** (0.08) -0.29"** (0.08) -0.29"** (0.08) -0.29"** (0.08) -0.29*** (0.08)

Population density 10.57 (14.70) 11.08 (14.69) 10.13 (14.59) 10.28 (14.31) 10.60 (14.18)
Globalization:

Tourists: total international inbound

2.85"** (0.96)

2.85** (0.96)

2.84** (0.95)

2.947%* (0.94)

2.92°** (0.93)

Net Migration (nmiorants'nemigrants)

-12.69%** (2.29)

-12.67** (2.29)

-12.61°** (2.28)

-12.97** (2.23)

-12.91°** (2.21)

Cross-Level-Interactions:

Days(log) * National Wealth - -13.38 (7.57) -4.82 (5.83)

Days(log) * Economic Growth - 0.73 (5.66) - -8.82 (4.63)

Days(log) * Hospital beds - - -10.40* (5.01) - -9.66* (3.92)

Days(log) * Health expenditures - - -1589.62*** (532.20) - -791.85 (497.46)

Days(log) * Tourists - - 2.11*** (0.58) 1.83*** (0.58)

Days(log) * Net migration - - -7.28"** (1.30) -6.73"** (1.30)

Days(log) * Exposure confirmed infected 219.88*** (20.35) 233.11°%* (21.94) 245.90*** (22.20) 248.90*** (28.26) 257.89°** (28.90)

Days(log) * Age 65+ 164.03 (228.91) 308.45 (240.43) 803.03"* (302.95) 7.31 (171.45) 589.24" (251.18)

Days(log) * Age 15-64 -74.88 (322.07) 143.11 (345.08) 8.47 (311.80) -146.14 (240.89) 15.08 (259.40)

Days(log) * Education rate 40.29 (64.51) 94.48 (72.41) 66.34 (86.35) 61.26 (47.63) 39.87 (53.18)

Days(log) * Population Size -0.01 (0.06) -0.02 (0.06) -0.03 (0.06) -0.15"** (0.05) -0.14"** (0.05)

Days(log) * Population Density 3.20 (10.41) 12.66 (11.58) -4.07 (9.85) 2.54 (7.59) 1.80 (8.56)

Random Effects

czeij 1330 1330 1330 1331 1332

0% w0 intercept 7278 7270 7173 6889 6746

01 slope of days(log) 5721 5582 4814 2972 2576

Fit Measures

AIC 24998 24988 24972 24964 24933

BIC 25137 25139 25123 25115 25107

LogLik -12475 -12468 -12460 -12456 -12436

Observations 2453 2453 2453 2453 2453
(Continued)
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Table 1. (Continued)

Estimates (SE)

Model 1 2 3 4 5
1 countries 61 61 61 61 61
Remarks

Sig codes: p < 0.001***, p < 0.01 **, p < 0.05*, p < 0.06".
days(log): -LOG of days before last measurement occasion; Restricted Maximum Likelihood (REML) estimator; all country characteristics were grand mean centered;

Fit measures with Maximum Likelihood (ML) estimator; Intra Class Coefficient (ICC) of the unconditional model: 15,4%; software: Ime4-package in R.

https://doi.org/10.1371/journal.pone.0256736.t001

level interactions from the theoretical blocks as outlined in Section 4, while controlling all
models for sociodemographic background and confirmed COVID-19 infections.

Firstly, as expected, increasing days since infection is significantly associated (model 1:

p = 0.000, model 5: p = 0.000) with increasing daily reported deaths (positive logarithmic func-
tion). As the data stem from time points during the COVID-19 pandemic period, the results
are in line with expectations about a strong positive logarithmic growth over time, where the
slope does not decrease over time (as we would expect when a pandemic comes to its end).

Secondly, the effects of Level 2 country characteristics are the effects for day “0”, which is
the last day of our data occasions (2nd April 2020). Therefore, these effects can be treated as a
cross-sectional study. The level 2 variables explain deaths on the last day of observation in the
following way: the economic predictors don’t show any significant effect on deaths. Neither
GDP per capita (model 1: p = 0.168, model 5: p = 0.156), nor annual GDP growth (modell:

p = 0.167, model 5: p = 0.129) reach statistical significance.

Health factors show significant negative effects of hospital beds per 1000 people on the
number of deaths. This effect is stable over all models 1-5 (model 1: p = 0.007, model 5:

p = 0.005). On the other hand, health expenditures show no significant effect on the number
of deaths in all models (model 1: p = 0.238, model 5: p = 0.235). The average COVID-19 testing
capacity has a weak significant effect on the death toll (model 1: p = 0.053, model 5: p = 0.050).

Regarding the socio-demography of a country, it can be shown that the amount of people
above the age of 65 is significantly associated with a higher number of deaths (model 1:

p = 0.040, model 5: p = 0.029). This result is in line with frequent reports that identify people
of older age belonging to risk groups of COVID-19 fatalities. The coefficient for educational
enrolment shows no significance on a statistically relevant level (model 1: p = 0.452, model 5:
p = 0.438). Both effects of globalization indicators are statistically significant. The amount of
migrant influx (model 1: p = 0.000, model 5: p = 0.000) to a country decreases the death toll on
the last day of observation, whereas the amount of incoming tourists increases (model 1:

p = 0.005, model 5: p = 0.003) the death toll.

Thirdly, now coming to the most interesting longitudinal part, we observe a significant vari-
ation of the growth factor (i.e. slope of days) between countries. In other words: the growth of
COVID-19 deaths over time is not the same across the countries. To explain these variations
in growth, we estimate cross-level interactions between country characteristics (Level 2) and
days (Level 1). Looking at these interaction effects, the following observations can be made:

In the realm of demography, population age (age > 65), does not determine deaths per day,
when considered individually (model 1: p = 0.477), but a positive significant effect appears
when controlling for health system indicators (models 3 and 5, p<0.05). Since population age
correlates positively with hospital beds and death toll, and hospital beds correlate negatively
with death toll, the direct effect of age is neutralized, when excluding health system indicators
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(model 1, 2, and 4). Enrolment to secondary education does not show statistically significant
effects on the death toll per day in any given model (model 1: p = 0.535, model 5: p = 0.457).

The effect of population size is only significant in models 4 and 5 (p<0.01) when globaliza-
tion indicators are included. In these models, countries with higher values in population size
experience a decrease in the number of deaths per day. On the other hand, in models with no
explicit control for tourism and net migration (models 1, 2, and 3), the effect of population
size on death toll is not significant (p>0.05). This can be explained by contrary correlations of
population size with tourism (positive correlation) and net migration (negative correlation),
leading to a reduction of the significance of the effect of population size in the uncontrolled
models. Population density has no significant effect on daily deaths across all models (model 1:
p = 0.760, model 5: p = 0.834).

Further, no economic indicators can explain the differences between countries regarding
growth of daily deaths over time, i.e. countries with varying levels of economic wealth (model
2:p =0.083, model 5: p = 0.412) or growth (model 2: p = 0.897, model 5: p = 0.062) do not dif-
fer in increase or decrease of deaths per day over time.

Without control for further factors (model 3), both variables concerning the health system
have a statistically relevant effect on daily deaths: countries with more hospital beds per 1000
people have lower slopes in the outcome variable than countries with less hospital beds
(p = 0.043). In other words, health infrastructure like hospital beds decreases the growth of
deaths per day. Similarly, government health spending decreases the growth of deaths over
time (p = 0.004). Controlling for further factors (model 5), however, leads to a loss in statistical
significance in health expenditures (p = 0.118). The cross-level-interaction for hospital beds
per 1000 people stays substantial and statistically significant (p = 0.017).

Looking at factors of globalization, the influx of tourists has a significant effect on the
course of the development of reported death cases: countries with more annual tourists show a
faster growth in COVID-19 deaths than countries with less annual tourists (p = 0.001). The
effect is weakened, but still significant when further variables are controlled for (p = 0.003). In
model 4 (p = 0.000), as well as in the final model (p = 0.000), net migration has a significant
effect on the growth of the death rate. Countries with higher levels in net migration have a
slower growth of the COVID-19 death rate.

As a robustness check, we re-estimated all models including country fixed effects (see
Table 2 in the S1 Appendix). Here, all models include country dummies in order to address
unobserved heterogeneity between countries. This results in a country fixed effects model in
which all country differences are controlled for on level 2 which allows an unbiased identifica-
tion of the cross-level interactions. Overall, regarding effect size and significance, results
remain stable and comparable. Hence, the identified cross-level interactions are not biased by
unobserved country differences.

Fig 3 shows a visualization of four selected cross-level interactions (economic growth, hos-
pital beds, age 65+ and tourism).

6. Discussion and conclusion

Our results reflect what health and pandemic scholars [5] already emphasized frequently in the
past as well as recent results on the issue [12, 13]: the course of the fatal effects of global disease
outbreaks is in the hands of national commitment and investment in favour of a strong health
care system. Access to health care can therefore mitigate the first impact of a pandemic. In
both the cross-sectional and longitudinal case, hospital beds per 1000 people showed a buffer-
ing capacity on the death toll. More resources, which make health care more accessible to a
broader part of the population, can translate into less virus fatalities. However, this health care
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Fig 3. Visualization of four moderator effects (line positions were dodged for better visibility and to avoid over plotting). All coefficients represent the value for the
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occasion). ¢) Days(log) * Age 65+ (with days(log): -LOG of days before last measurement occasion). d) Days(log) *
measurement occasion).

must manifest itself in services accessible more directly to the population in order to reduce
pandemic deaths, since health expenditures does not show significant effects in the final
model.

The economy alone cannot save lives. As our results have shown, economic predictors do
not explain the development of the death toll. The literature made clear [2, 3] that without
implications for the social welfare state and public services, economic growth itself does not
necessarily translate into the wellbeing of the citizens.

Globalization has predictive power concerning the death toll, in line with Farzanegan et al.
[12] and Farzanegan et al. [13]. The data confirmed the identified threat of globalization on
the accelerated emergence of new infectious diseases and its detrimental effects [4]. The influx
of people to a country increases the death toll in the short term (in the form of tourism) and
decreases the death toll in the long-term (in the form of migration). The spread of infectious
diseases by travel enables infectious individuals to move in short time intervals across multiple
national borders [6]. The negative effect of the net migration variable may point to a “Healthy
migrant effect” [30, 31] on an aggregate level. This effect describes that those migrants who
arrive in the host country typically have higher average health levels than the host population,
which, inter alia, is attributed to health selection effects. Given that all other factors are equal
(e.g. population size), the influx of migrants, which are relatively healthier, leads to a higher
share of healthy individuals in a population with lower rates of pre-existing conditions
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associated with higher death tolls. Further research is needed to test more adequately the
mechanisms behind this finding. Demography shows some expected effects, as growth of
deaths is higher in countries with a higher percentage of people older than 65 years.

Despite our efforts to identify country characteristics which are linked to deaths by
COVID-19 per day, potential shortcomings must be addressed. First, the data quality of
reported infections and deaths relies on the governments’ public relations as well as on coun-
try-specific limitations to test for COVID-19 infections. Second, as the country selection is not
randomly drawn and missing values occurred due to the webscraping process, there might be
a selection bias in our data that could limit the generalizability of our results (as it is the case in
most cross-national studies).

In the public policy context of making decisions under a restricted amount of time, where
mobilization and efficient channelling of resources is crucial to maximize the reduction of the
death toll in times of a pandemic, our results have the following implications. Since factors
such as population age, economic wealth and population size are nearly impossible to stimu-
late, to manipulate or to vary within few days or weeks, factors concerning globalization in the
form of border interaction are more elastic. Decreasing tourism activity by restricting or shut-
ting down national borders, as it was part of many lockdowns in the first wave, has the poten-
tial to mitigate the spread of the virus and the load on hospitals and the health system. In a
medium-term perspective, our results mirror frequent demands for global investment in
national health systems. Meeting goals in core capacities of public health, in the form of a well-
equipped national health care system, e.g. hospital beds, is the “first line of defense” in dealing
with short term health crises [32].
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