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Abstract

Context

The Covid-19 pandemic hit the developed world differentially due to accidental factors, and

countries had to respond rapidly within existing resources, structures, and processes to

manage totally new health challenges. This study aimed to identify which pre-existing struc-

tural factors facilitated better outcomes despite different starting points, as understanding of

the relative impact of structural aspects should facilitate achieving optimal forward progress.

Methods

Desk study, based on selecting and collecting a range of measures for 48 representative

characteristics of 42 countries’ demography, society, health system, and policy-making pro-

files, matched to three pandemic time points. Different analytic approaches were employed

including correlation, multiple regression, and cluster analysis in order to seek triangulation.

Findings

Population structure (except country size), and volume and nature of health resources, had

only minor links to Covid impact. Depth of social inequality, poverty, population age struc-

ture, and strength of preventive health measures unexpectedly had no moderating effect.

Strongest measured influences were population current enrolment in tertiary education, and

country leaders’ strength of seeking scientific evidence. The representativeness, and by

interpretation the empathy, of government leadership also had positive effects.

Conclusion

Strength of therapeutic health system, and indeed of preventive health services, surprisingly

had little correlation with impact of the pandemic in the first nine months measured in death-
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or case-rates. However, specific political system features, including proportional representa-

tion electoral systems, and absence of a strong single party majority, were consistent fea-

tures of the most successful national responses, as was being of a small or moderate

population size, and with tertiary education facilitated. It can be interpreted that the way a

country was lead, and whether leadership sought evidence and shared the reasoning

behind resultant policies, had notable effects. This has significant implications within health

system development and in promoting the population’s health.

Introduction

The Covid-19 pandemic exploding on the world from early 2020 gave a new and severe chal-

lenge to nations’ health systems. Urgent and radical decisions had to be made by policy mak-

ers, implemented by the staff and facilities of the health system, and responded to by society. It

soon became clear that the outcome of these responses, in the first months of 2020, had signifi-

cantly different degrees of outcome success.

While much critical narrative is being written about the pandemic from public health prac-

tice and health policy viewpoints, little has been reported about the effects of different health

resource structures of countries when first hit by the pandemic, and which characteristics were

associated with successful control in the early months. Though most unwelcome in its nature,

the pandemic can be considered as providing a real-world stress-testing of health systems’

public health active response and emergency reconfiguration capacities, and a unique opportu-

nity to seek to identify the most beneficial characteristics of health systems, populations, and

health policy making.

While this study sought to address the measurement of likely relevant structural factors ab
initio, it is important to consider as background prior World Health Organisation guidance on

preparedness for health emergencies [1]. Six aspects are put forward: leadership and governance

in order to assure the crisis management programme; health workforce adequate to ensure an

appropriate level of responsiveness; equitable access to medical products, vaccines and technol-

ogies; well-functioning health information system to provide efficient early-warning systems

and the overall management of information; good health financing system providing appropri-

ate level of financial protection as well as ensuring provision of essential services; and service

delivery which guarantees continuity of service provision during a crisis. Further, it might be

hypothesised that countries which had most resources and health system spend would be the

most powerful and nimble to respond effectively to a new health threat at scale, and that those

with effective preventive health programmes and salutogenic public behaviour would be most

likely to elicit the strongest practical population responses and preventive behaviour compli-

ance, and would therefore be best placed to respond effectively to the first impact of the virus.

This study sought to examine structural foundations and guiding forces by comparing mea-

sures of pre-Covid characteristics in a range of countries, mapped to early outcome measures,

to identify the most effective response and resilience facilitators. It was acknowledged that

physical resources would be more likely to have objective pre-existing measures, with objec-

tively obtained comparable attitudinal measures being more challenging to identify.

Purpose and objectives

The aim was to identify which health system, preventive health and societal characteristics

had most influence on the response in early months to the Covid-19 pandemic. Framed by
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the analysis of Donabedian, these are items of Structure [2]–the quasi-fixed health and

population assets present which form the foundation for the means of response when the

unexpected pandemic struck. This should enable better understanding of managing whole

society health challenges, and assist with building optimal health system support in the

post-Covid era. The purpose was not to evaluate individual process responses, which

rightly many are doing [3–5], but to assess the influence of pre-existing underlying struc-

tures and systems in giving initial resilience.

Methods

Study countries

The aim was to study a range of countries which were broadly comparable in a development

context, but which had notable differences regarding the types of health system and societal

attitudes. A global wide range would constitute a virtual laboratory.

Countries in the European Union (EU), other countries in Europe with similar levels of

development, North American countries, and countries elsewhere in the Organisation for

Economic Cooperation and Development (OECD) met these criteria, with the added

advantage that many comparable data sets and definitions were available. Most global

regions were covered. The final selection was the 27 countries in the EU, the contiguous

countries of Iceland, Norway, Switzerland, and the United Kingdom, together with the

remaining OECD countries—a total of 42. This in no way diminishes the importance of an

effective Covid-19 response for the populations of countries elsewhere, particularly in the

lower and middle income countries (LMIC), but the context, factors, and available indica-

tors for these countries are very different. Though a number of countries in South East

Asia have had very positive results in managing the Covid-19 pandemic, they had the

advantage of exposure to the prior SARS pandemic which would have had a training effect

for health systems and populations [6]. The BRICS countries (Brazil, Russia, India, China,

and South Africa) are also globally significant, but each is sufficiently different, vast, and

with its own internal structures and power levers, that lessons from these are not necessar-

ily transferable.

Time points and Covid measures

To achieve the study’s objective of assessing the influence of different Structural assets as they

existed in the steady state before the pandemic, consideration was restricted to the period

before semi-fixed components could change, or population behaviours be modified by experi-

ence and growing realisation of the pandemic’s deep effects. Three broad initial phases were

hypothesised, with the study focussed on the initial two:

• Bewildering Arrival–the novel disease is suddenly present, with bewilderingly different

impacts in some countries [7], not least because of the initially not understood asymptomatic

infectious stage [8], with authorities wondering how to respond. This was taken to last up to

late March 2020.

• Emergency Systematic Responses–from Spring 2020 the spread and potentially disastrous

effects of the pandemic were clear, and countries sought to organise system-wide society-

wide responses, but perforce based on current resources and attitudes. This period was taken

to run from April to November 2020.

• Initial Steady State–By late Autumn 2020 most countries had established radically new pat-

terns of public health pandemic treatment, and other actions balancing health, economic,
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and education needs. This study stopped at this point, as we were studying influences on the

initial emergency responses.

The first challenge was finding comparable measures of pandemic impact in each coun-

try. Death is the ultimate outcome state, but excludes the many who contract the disease

then recover, either completely or with long-term sequelae [9]. Cases of infection is theo-

retically the optimum measure, but in the early bewildering arrival stage testing and trac-

ing systems were very imperfect, with very different (and generally low) proportions of

cases being detected and reported, and so early case data cannot be compared between

countries. This variability of case assessment continued in many countries into the Emer-

gency System Response stage. Deaths are reasonably reliably measured and attributed in all

the study countries; some differences in detail of attribution are insufficient to skew major

differences in death rates.

This study therefore took three outcome measures:

• Total deaths attributed to Covid-19 per million population by 31 May 2020, as an indicator

of outcome of system response by late-March, allowing for a fatal outcome time lag, thus giv-

ing a measure of the Bewildering Arrival phase specific to each country.

• Total deaths attributed to Covid-19 per million population by 30 November 2020, as an indi-

cator of outcome of immediate system response in the subsequent Emergency System

Response six months

• Cases per 100,000 population, 14 day moving average, early December, necessarily assuming

that case finding and recording systems were reliable by this time.

Analyses performed

First, simple correlation was performed to relate numerate structural variables to the pandemic

impact at the stated time points. In particular, Pearson’s pairwise correlation was applied, and

for each correlation the level of significance was calculated.

Second, a cluster analysis ascertained whether groups of countries could be identified,

and then related these to the variables. Based on deaths per million inhabitants at the end

of May and the increase over the next six months, we adopted a hierarchical clustering

approach that creates a complete data partition applying the Ward method [10] based on

the Euclidean distance/proximity matrix. Moreover, to assess how the identified clusters

relate with the variables selected, we calculated the average value of each variable for each

cluster.

Finally, an econometric model was developed to assess the strength of selected struc-

tural variables’ influence on countries’ outcomes. To estimate the effect of the variables

selected on our dependent variables, we employed an Ordinary Least Squares (OLS) linear

regression estimation. Since preliminary tests showed that most of our independent vari-

ables did not meet the OLS linearity assumption, we transformed all the variables into nat-

ural logs. Log-log regressions, furthermore, are often preferred since they allow for a

straightforward interpretation of the coefficients. The goodness of our model was assessed

through several post-estimation tests that provided positive results. In particular, the

Breusch-Pagan [11] and Cook-Weisberg [12] tests confirmed the variance of the residuals

to be constant, excluding the presence of heteroscedasticity. The variance inflation factors

test showed the absence of multicollinearity. Finally, the link test and Ramsey regression

specification-error test for omitted variables confirmed the goodness of the model’s

specification.
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Findings

Country demographic, socio-economic, societal, health, and political

characteristics

After consideration of aspects of health structure and resources, society, and decision-making,

coupled with detailed review of data options, analysis was based on six themes containing a

total of 48 data items:

• Demographic and Socio-economic indicators (12 measures)

• Societal Values (11 measures)

• Public Trust and Awareness (6 measures)

• Public Health (6 measures)

• Healthcare System (6 measures)

• National Political Process (7 measures).

Topic selection was based on a considered rationale, moderated by the need for data avail-

ability in comparable form, with the reasons for selection of each item given in S1 Table. Some

aspects of the WHO risk response framework [4] Were considered to be Process measures,

more related to focussed response to a crisis and also less easy to be subjected to objective base-

line measurement, and could not be assessed. All measures selected for the study were numeric

ranges, except for three Political Process characteristics.

The full 48 item by 42 countries matrix of values captured and used is presented in S2

Table, and the data sources and accessed dates in S3 Table. Almost all numeric items were

measured within the last three years. For 25 (52.1%) of the measures complete data sets were

obtained. For five of the Public Trust and Awareness measures there were no comparable stud-

ies in the rest of the world countries. Some individual items were not available for some small

countries. Full data sets were obtained for eleven of the thirteen Demographic and Socio-eco-

nomic measures and for five of the seven Political System measures. S4 Table gives the number

of national values captured for each Measure. All data could be considered static in the short

term except age of prime minister–three countries changed prime minister in the study period

and the date-relevant age was used in calculations. Data definitions and sources are given in S3

Table, while Prime Minister details are in S5 Table.

Health impact of Covid-19 pandemic first waves

The Covid-19 total mortality data per million, cumulative at 31 May and 30 November 2020,

and the Case rate by 14-day average as at 6 December, were obtained. Table 1 shows these

data.

The correlations of structural characteristics with outcomes

As the first analysis, to identify which national characteristics or resource patterns had most

effect (positive or negative) on the outcomes of the pandemic in the first months, the 45

numeric measures were matched to each country’s Covid pandemic situation at the three time

points, as paired dependent and independent variables, for three groupings of the study coun-

tries, and the 405 correlation calculations are shown in Table 2. In that table, weak correlations

between 0.40 and 0.59 are highlighted by a dotted cell margin; stronger correlations from 0.60

upwards by a solid box; perverse direction correlations where the measure correlates with a

worse disease situation are shaded.

PLOS ONE When Covid-19 first struck: Analysis of the influence of structural factors, technocracy, and open democracy

PLOS ONE | https://doi.org/10.1371/journal.pone.0257757 October 4, 2021 5 / 26

https://doi.org/10.1371/journal.pone.0257757


Table 2A reports on the Demographic and Socio-economic variables. Urban population

percentage and total size had a weak correlation in the early stages, matching greater transmis-

sion risk in urban settings. Unexpected was the correlation with total population size. Also

Table 1. Covid-19 incidence in European union and OECD countries at three time points in 2020.

Deaths per million Deaths per million 14 Day Case Rate per 100,000

31 May 2020 30 Nov 2020 6 Dec 2020

Austria 74.17 353.5 171.5

Belgium 807.10 1436.2 272.9

Bulgaria 20.15 580.7 573.5

Croatia 25.09 435.1 1154.1

Cyprus 19.41 55.9 425.3

Czechia 29.79 777.6 501.7

Denmark 98.58 144.5 331.1

Estonia 47.49 89.0 386.8

Finland 57.03 72.0 108.8

France 440.78 809.2 230.4

Germany 101.45 199.3 304.8

Greece 16.79 230.8 228.0

Hungary 54.24 499.3 774.2

Ireland 334.16 415.8 77.6

Italy 551.42 919.2 545.8

Latvia 12.72 109.2 418.9

Lithuania 25.71 185.9 1070.4

Luxembourg 175.73 512.8 1181.8

Malta 20.38 310.3 305.9

Netherlands 347.30 551.7 411.4

Poland 28.03 453.2 555.1

Portugal 136.91 441.8 609.8

Romania 65.13 589.0 492.1

Slovakia 5.13 153.7 370.7

Slovenia 51.95 690.3 984.7

Spain 560.20 963.9 272.5

Sweden 454.79 661.5 713.8

Iceland 29.30 76.2 58.0

Norway 43.53 61.2 111.4

Switzerland 191.34 556.4 627.5

United Kingdom 550.70 862.4 319.0

Australia 4.00 35.6 0.6

Canada 187.40 321.8 220.5

Chile 52.15 806.1 102.1

Colombia 17.49 722.6 239.3

Israel 32.81 331.8 181.0

Japan 7.04 16.4 23.7

Korea S. 5.27 10.3 13.3

Mexico 75.85 821.7 105.3

New Zealand 4.56 5.2 1.0

Turkey 53.53 163.0 112.7

United States 313.54 810.1 753.5

https://doi.org/10.1371/journal.pone.0257757.t001
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unexpected was the lack of influence in inter-country comparisons of proportion of persons

living in poverty, the Gini index of inequality, or proportion of elderly population, since within

country poverty and deprivation are considered exacerbating factors for Covid-19 vulnerabil-

ity, and the elderly are a major vulnerable group. Tertiary education enrolment was linked

with lower December case rates.

Table 2B shows that Societal Value items are not notably associated with any effects. By

contrast, in Table 2C measures of Public Trust from the European Values Study and the

World Bank show interesting correlations—trust in the health care system is intriguingly

weakly linked with higher deaths at the beginning of the pandemic, has no linkage with deaths

after another six months, but is more strongly linked with lower case rates by the end of the

second wave. The following of politics on radio, and within the EU on social media, is corre-

lated with lower death rates cumulative to November, but not with the other impact measures.

Participation in civil society has a weak correlation within the broader European group. Confi-

dence in government, and valuing public services, have little impact.

Table 2D shows analysis of the correlation with public health activities such as child immu-

nisation and cervical screening, the hypothesis being that countries with good preventive

health service delivery and population uptake of these would be likely to respond better to

Covid-19 measures. Surprisingly, there is no such linkage. Requiring further study is the rela-

tionship with influenza vaccination of citizens over 65 years–higher death rates in more vacci-

nated countries may be linked to more congregated service provision, or to service

fragmentation. Table 3 shows that health system resources and structures had little effect on

deaths or December rates, but higher spend per capita on health perversely linked with higher

early mortality rates.

Table 2F shows that two informally hypothesised characteristics of the political process–

public trust in government and age of prime minister–had no effect. However, total deaths per

million were lower in countries where experts surveyed felt that politicians were taking note of

scientific advice [13]–but this did not apply to case rates, possibly because scientifically-orien-

tated countries were more rigorous in seeking and analysing cases.

Assessing robustness and resilience of responses

Responses to a health emergency are dynamic. Table 3 shows the mortality rates reported in

Table 1 ranked for the two time points, and for the percentage change in rate. The four initially

worst affected countries do not improve their relative position, even though they do control the

rate of increase. Many of the best performing countries maintain their advantage, while in

between some countries fare much better than others. Seven countries improved over the six-

month interval by ten or more rank places—Canada, Denmark, Estonia, Finland, Germany, Ire-

land and Norway, while four countries dropped by ten or more rank places—Bulgaria, Slovenia,

Chile, Mexico, while two—Czechia and Colombia—dropped by twenty or more rank places.

To reflect comparative response the study devised two indices, based on the rankings in

deaths rates and case rates shown in Table 2, and these are presented in Table 4. The Robust-

ness Index reflected the initial weathering of the early pandemic and remaining in a good posi-

tion, and was calculated from the rank positions on the three incidences, with four points

allocated to countries in the top (lowest rate) quartile, dropping to one point in the worst quar-

tile, giving a maximum of 12 and a minimum of 3 points per country. The Resilience Index

sought to identify the countries which had most effectively protected their situation by con-

taining the initial death rate with a low six-month increase, and was created by adding to the

Robustness Index a further point for every five ranking places improvement between the two

dates of mortality analysis, and negative points for every five rank positions dropped.
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The 45 quantitative measures were then related to the three impact groupings to capture

their link to dynamic change in this period–the results are given in Table 5. Table 5A shows a

Table 3. Changes in death rate ranking over six months.

Country Deaths per million Rank % increase in rate in 6 months

31/05/2020 31/11/2020 31/05/2020 31/11/2020

Australia 4.0 35.6 1 4 790

New Zealand 4.6 5.2 2 1 14

Slovakia 5.1 153.7 3 12 2896

Korea S. 5.3 10.3 4 2 95

Japan 7.0 16.4 5 3 133

Latvia 12.7 109.2 6 10 758

Greece 16.8 230.8 7 16 1275

Colombia 17.5 722.6 8 33 4032

Cyprus 19.4 55.9 9 5 188

Bulgaria 20.2 580.7 10 29 2782

Malta 20.4 310.3 11 17 1423

Croatia 25.1 435.1 12 22 1634

Lithuania 25.7 185.9 13 14 623

Poland 28.0 453.2 14 24 1517

Iceland 29.3 76.2 15 8 160

Czechia 29.8 777.6 16 34 2510

Israel 32.8 331.8 17 19 911

Norway 43.5 61.2 18 6 41

Estonia 47.5 89.0 19 9 87

Slovenia 52.0 690.3 20 32 1229

Chile 52.2 806.1 21 35 1446

Turkey 53.5 163.0 22 13 205

Hungary 54.2 499.3 23 25 821

Finland 57.0 72.0 24 7 26

Romania 65.1 589.0 25 30 804

Austria 74.2 353.5 26 20 377

Mexico 75.9 821.7 27 38 983

Denmark 98.6 144.5 28 11 47

Germany 101.5 199.3 29 15 96

Portugal 136.9 441.8 30 23 223

Luxembourg 175.7 512.8 31 26 192

Canada 187.4 321.8 32 18 72

Switzerland 191.3 556.4 33 28 191

United States 313.5 810.1 34 37 158

Ireland 334.2 415.8 35 21 24

Netherlands 347.3 551.7 36 27 59

France 440.8 809.2 37 36 84

Sweden 454.8 661.5 38 31 45

United Kingdom 550.7 862.4 39 39 57

Italy 551.4 919.2 40 40 67

Spain 560.2 963.9 41 41 72

Belgium 807.1 1436.2 42 42 78

Legend: Green: ranked from 1 to 10; yellow: from 11 to 21; orange: from 22 to 32; red: from 33 to 42.

https://doi.org/10.1371/journal.pone.0257757.t003
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few weak Demographic and Socio-economic influences–higher GDP per capita was positively

linked with lower rates of increase in deaths over six months, and tertiary education enrolment

with stronger national robustness. Table 5B shows that societal factors had more influence, in

particular the Human Development Index and extent of Internet use, while nearly all Societal

Table 4. Robustness and Resilience Index.

Robustness Index Resilience Index

Austria 6 7

Belgium 4 4

Bulgaria 3 0

Croatia 3 2

Cyprus 9 8

Czechia 4 -1

Denmark 7 10

Estonia 8 10

Finland 10 13

France 4 4

Germany 7 9

Greece 7 6

Hungary 3 3

Ireland 8 10

Italy 4 4

Latvia 8 8

Lithuania 5 5

Luxembourg 3 4

Malta 6 5

Netherlands 5 6

Poland 4 3

Portugal 3 4

Romania 4 3

Slovakia 6 5

Slovenia 3 1

Spain 4 4

Sweden 4 5

Iceland 10 11

Norway 11 13

Switzerland 3 4

United Kingdom 4 4

Australia 10 10

Canada 8 10

Chile 5 3

Colombia 5 1

Israel 7 7

Japan 11 11

Korea S. 11 11

Mexico 5 3

New Zealand 12 12

Turkey 6 7

United States 3 3

https://doi.org/10.1371/journal.pone.0257757.t004
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Values measures correlated with a higher Resilience index. Table 5C shows considerable effect

of strong public trust, especially in resilient countries, while Table 5D reconfirms that public

health measures in general had minimal impact, other than a weak effect of influenza immuni-

sation of persons over 65 years of age regarding death rate increase.

The only notable effects of healthcare system characteristics (Table 5E) were that spend per

capita and total number of health employees linked positively to subsequently capping earlier

rates of mortality–possibly through having increased scope for reallocating resources. Table 5F

reiterates the positive effect of taking advice, but gives conflicting effects of (pre-pandemic)

perceived corruption.

The political system characteristics

Turning to non-numerical aspects of the political structure, Table 6 maps the gender of the

Prime Minister, the voting system, and whether there was a coalition government against

countries ranked by degree of suppression of increase in deaths, and by the Resilience Index.

Of the 42 countries, nine (21.4%) had a female premier, but of the six countries which kept

their death rate growth under 50% in the six month period four (66.7%) had a female premier;

of the best ranking sixteen, six (37.5%) had a female premier, while there was only one female

among the lowest 21 countries (4.8%). For the Resilience Index the top two countries both had

female leaders (100%), as did five out of the top eleven (45.4%).

Turning to electoral systems, the six countries keeping their death rate growth below 50%

all had proportional presentation electoral systems, with the top two having customised vari-

ants. The top three in the Resilience Index are similar. By contrast, two of the three countries

with First Past the Post electoral systems fare particularly badly.

Coalition governments are often seen as weak, but the top five performers in each analysis

had coalitions, and twelve of the top fourteen (85.7%). This compares with an overall 24

(57.1%) of the 42 countries.

Cluster analysis

Next, the study performed a cluster analysis on the death rate data to ascertain if clusters of

countries could be identified, and how such clusters relate with the structural variables. This

adopted a hierarchical clustering approach that creates a complete data partition applying the

Ward method based on the Euclidean distance/proximity matrix [10]. Fig 1 shows the result of

grouping countries based on the number of deaths per million inhabitants at the end of May

mapped against the increase over the next six months.

In Cluster 1 sixteen Low Rate countries had initial period rates under 100 per million and

rates for the subsequent six-months below 200. An Improver cluster of nine countries started

with higher initial rates but got control, with their six-month rate lower by between 16%

(France) and 76% (Ireland). The third cluster was seventeen Challenged countries, who started

above 100 deaths per million and whose second period rates were at least 50% higher than the

initial period. These groupings are compatible with and closely match the differently-calcu-

lated compilations in the earlier tables.

Table 7 presents the average for each variable for each cluster, and contrasts are highlighted,

the limitation being that these cluster averages may be biased by outliers. Most findings from

other analyses are confirmed, along with other differences. For Demographic and Socio-eco-

nomic aspects, the first (Low Rate) cluster is characterized by low population size and density

as well as by a high share of citizens having tertiary education, with the opposite for the Chal-

lenged cluster, while the Improver cluster has better economic values. Societal Values show the

Challenged cluster reports poorer health, more fragile public services, and greatest religious
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Table 6. Political characteristics.

Table 6a Percentage increase in Deaths per Million 31 May– 30 November 2020

% increase Female Premier Electoral System Coalition

New Zealand 14 F PROther C

Ireland 24 PROther C

Finland 25 F PRList C

Norway 41 F PRList C

Sweden 43 PRList C

Denmark 46 F PRList

United Kingdom 56 FPTP

Netherlands 58 PRList C

Canada 65 FPTP C

Italy 66 PRList C

Spain 66 PRList C

Estonia 74 PRList C

Belgium 76 F PRList C

France 83 Other C

Korea S. 94 Other

Germany 95 F PROther C

Japan 131 Other C

United States 149 FPTP

Switzerland 151 F PRList C

Iceland 160 F PRList C

Cyprus 166 PRList C

Luxembourg 192 PRList C

Turkey 203 PRList

Portugal 220 PRList

Austria 377 PRList

Lithuania 623 F Other

Latvia 758 PRList C

Australia 782 PROther C

Romania 795 PRList C

Hungary 817 Other

Israel 901 PRList C

Mexico 967 Other

Slovenia 1229 PRList

Greece 1275 PRList

Chile 1362 PRList

Malta 1422 PROther

Poland 1512 PRList

Croatia 1634 PRList C

Czechia 2492 PRList C

Bulgaria 2782 PRList C

Slovakia 2896 PRList

Colombia 3815 PRList

Table 6b Resilience Index

Index Female Premier Electoral System Coalition

Finland 13 F PRList C

Norway 13 F PRList C

(Continued)
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commitment–the opposite to Improvers. Public trust and awareness shows greatest confidence

in health systems in Improvers and lowest in Challenged clusters, while for confidence in gov-

ernment, and measures of political awareness, Low Rate countries compare favourably with

Improvers.

As with the other analyses, public health activities seem to have little impact. Health system

results are varied–Improvers had most spend, and Low Rate countries most beds, while Chal-

lenged countries had the highest R&D spend, but these averages were potentially biased by

Table 6. (Continued)

New Zealand 12 F PROther C

Iceland 11 F PRList C

Japan 11 Other C

Korea S. 11 Other

Denmark 10 F PRList

Estonia 10 PRList C

Ireland 10 PROther C

Australia 10 PROther C

Canada 10 FPTP C

Germany 9 F PROther C

Cyprus 8 PRList C

Latvia 8 PRList C

Austria 7 PRList

Israel 7 PRList C

Turkey 7 PRList

Greece 6 PRList

Netherlands 6 PRList C

Lithuania 5 F Other

Malta 5 PROther

Slovakia 5 PRList

Sweden 5 PRList C

Belgium 4 F PRList C

France 4 Other C

Italy 4 PRList C

Luxembourg 4 PRList C

Portugal 4 PRList

Spain 4 PRList C

Switzerland 4 F PRList C

United Kingdom 4 FPTP

Hungary 3 Other

Poland 3 PRList

Romania 3 PRList C

Chile 3 PRList

Mexico 3 Other

Croatia 2 PRList C

United States 2 FPTP

Slovenia 1 PRList

Colombia 1 PRList

Bulgaria 0 PRList C

Czechia -1 PRList C

https://doi.org/10.1371/journal.pone.0257757.t006
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outliers. In political process, Low Rate countries were most likely to take scientific advice, have

a female prime minister, their own proportional electoral system, and not to have first-past-

the-post elections. Challenged countries took least scientific advice, and were likely to have

majority government and a male prime minister. Overall the cluster analysis shows a some-

what cohesive Challenged cluster of countries with signs of resource and democratic leader-

ship disadvantage

Regression analysis

Having initially considered the countries’ structural variables individually, and recognising the

limitations of bilateral correlations as a measurement method in the real world of complex

inter-linked health and democratic systems, the study created an econometric model to ascer-

tain how selected variables jointly influenced countries’ fatalities over the full period to

November 2020 [14]. Due to the number of observations available, and incomplete data for

some, not all the variables could be added to the model. A representative set of ten variables

was selected covering all six groupings–as explained in S6 Table.

To estimate the effect of the of the variables selected on our dependent variables, namely

the number of fatalities over the entire period to November 2020, the study employed an Ordi-

nary Least Squares (OLS) linear regression estimation model. The choice of employing an OLS

model is justified by the fact that that the object of the study is fairly new and the paper rather

explorative, and in the absence of particular hypotheses to be tested the OLS represent a parsi-

monious and useful model.

Since, as already pointed out, most of our explanatory variables show relations that are not

linear in parameters, we employed a log-log regression, namely a regression in which both the

dependent and the independent variables are converted into natural logs.

Fig 1. Cluster analysis of 42 countries’ death rates from two time periods.

https://doi.org/10.1371/journal.pone.0257757.g001
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Table 7. Characteristics highlighted by clustering.

Variable Average

All countries Cluster 1 Low Cluster 2 Improver Cluster 3 Challenged

Demography and Socio-economic Population (mill) 32.5 24.33 35.88 38.49�

Dependent Pop’n. % 53.9 53.94 56.11 52.71

Urban Pop. % 77.0 78.1 81.58 73.45

Pop’n. Density sq. Km 167.5 117.24҂ 187.2 204.45§

Pop’n 65+ % 18.0 18.25 19.22 17.06

GDP per capita 37653.3 37681 46737 32819

Gini Index 33.0 31.8 31.98 34.52

Income share lowest 10% 2.8 2.79 2.84 2.71

Living in Poverty % 18.0 19.96 15.19 18.25

Tertiary Educat. Enrolm’t 74.2 85.43 74.48 63.48

Tertiary Educat. Compl’n 14.8 16.11 16.16 12.86

Societal Values Human Development Index 0.9 0.89 0.92 0.86

World Happiness Index 6610.9 6560 6968 6470

Life Satisfaction OECD 6.6 6.6 6.84 6.53

Trust in News Media 38.6 40 38.11 37.75

Trust in Written Press 48.4 50.78 49.5 45.73

Population using Internet 83.6 86.96 87.61 78.35

Civil Society Particip’n 0.7 0.75 0.78 0.67

Public Service Fragility 2.4 2.17 1.66 2.93

Good or very good health 68.1 69.73 71.25 65.09

Religion Important 9.3 8.31 6.22 12.14

Religion Weekly Practice 7.6 6.33 6.11 9.71

Public trust and awareness Confid in Health System 64.4 70.18 76.6 51.23

Confid in social media 19.8 21.35 17.37 20.03

Confid in Gov’t 34.5 40.89 34.79 27.58

Follow politics on TV 51.8 56.7 44.25 52.51

Follow politics social media 27.7 35.67 22.68 24.03

Follow politics on radio 32.7 42.13 23.19 30.6

Public health Infant Mortality 4.6 4.34 3.44 5.52

Life Expectancy 80.3 80.29 81.99 79.29

Current smokers % 22.5 22.61 21.52 22.87

Cerv’l. Screen % 60.4 59.06 64.61 58.94

MCV1 Imms % 94.6 94.69 93.33 95.19

Flu vacc’n > 65% 45.7 37.82 59.17 44.49

Health system Spend $ per capita 3951.6 3749 5004 3586

Doctors per 1,000 3.4 3.55 3.49 3.27

Health Employees per million 50.7 52.72 53.43 46.68

Hospital beds per 1,000 4.7 5.32 3.48 4.7

Acute Hosp beds per 1,000 3.7 4.16 2.85 3.66

Health R&D Funding $ 1591.0 568 1048 3036

Political Process Trust in Government 43.7 42.69 45.41 49.34

Corruption Perception 65.5 68.25 73.11 57.94

Taken Scientific Advice (Study) 55.5 64.38 46.63 45.67

Age of PM 51.5 52.79 49.44 55.13

Female PM 37.5% 11.1% 5.9%

Electoral System–PR 75.0% 66.7% 82.4%

- FPTP 0.0% 22.2% 5.9%

- Other 25.0% 11.1% 11.8%

Coalition Gov’t 62.5% 88.9% 35.3%

� Skewed by USA (328.2; lowest Malta 0.2).

҂ Skewed by Australia (3.2).

§ Skewed by Malta (1514).

Ф Skewed by USA (40660).

Notable contrasts between highest and lowest values per cluster shown in bold.

https://doi.org/10.1371/journal.pone.0257757.t007
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The econometric model takes the form of the following equation:

Yi ¼ β0 þ β1Xi þ β2Xi þ � � � þ βkXi þ μ Eq 1

where y represents the dependent variable, β0 the constant term, X represents the independent

variables and μ represents the error term.

Substituting the terms with the variables employed in the analysis, the three equations

become:

Total deaths per million it

¼ β0 þ β1 ln Urban population %i þ β2 ln Income share lowest 10%i

þ β3 ln Tertiary education enrolmenti þ β4 ln Population using Interneti
þ β5 ln Civil Society Participationi þ β6 ln Confidence in Govenrmenti
þ β7 ln Life Expectancyi þ β8 ln MCV1 Immunization%i

þ β9 ln Spend $ per capitai þ β10 ln Age of Prime Ministeri þ μ

Eq 2

The results are shown in Table 8, and confirm the strong significance of tertiary education

enrolment and the negative effect of per capita health expenditure. Other structural influences

Table 8. Multivariate calculation of ten representative variables.

Total deaths per million at to 31 November 2020 log-log

Ln_Urban Population % 1.333

(1.115)

ln_ Income share lowest 10% 1.031

(1.035)

ln_ Tertiary Education Enrolment -1.280���

(0.431)

ln_ Population using Internet -7.675��

(3.327)

ln_ Civil Society Participation -0.505

(1.895)

ln_ Confidence in Government -0.956�

(0.556)

ln_ Life Expectancy -19.80�

(11.52)

ln_ MCV1 Immunization % -2.372

(5.406)

ln_ Spend $ per capita 2.362���

(0.725)

ln_ Age of Prime Minister 0.556

(1.124)

Observations 40

R-squared 0.465

Robust standard errors in parentheses.

��� p<0.01,

�� p<0.05,

� p<0.1.

https://doi.org/10.1371/journal.pone.0257757.t008
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confirmed at a lower level are population using the Internet, life expectancy, and confidence in

government.

Discussion

This study set out to identify the national structural aspects which had positive links to a suc-

cessful response to the Covid-19 pandemic in its early stages–the period when existing means,

resources and methods were perforce the foundation of the response. The intention was to

identify what structural characteristics could most usefully be recognised as most influential

and thus strengthened to boost health systems and to build forward optimal changes in the

‘post Covid era’. The initial focus was on health system and societal factors, as being the tradi-

tional focus of health policy studies–covering service structure characteristics, and characteris-

tics of the population (including values and behaviour) as the focus of service delivery.

Unexpectedly, the analyses showed that no aspects of national or health system structure

had major effects on the early pandemic impact, though most successful countries had a popu-

lation size between two and thirty million (Japan and Germany being the main exceptions).

Though there are well reported effects of health inequalities on the impact of Covid-19 within

countries [15, 16], surprisingly none of the measures of inequity and poverty showed effects

between countries. It was also logically anticipated that greater strength and uptake of struc-

tured preventive health programmes would link to greater successful public health response,

but this proved not to be the case, suggesting the success of these is a result of a specialist silo

approach of each programme rather than salutogenic cultural or lifestyle effects.

Percentage of the population enrolled in tertiary education was one very strong influence;

this has also been found in the case of infant immunisation rates in Europe [17]. This was fol-

lowed by number of users of the Internet, and in Europe following politics on the radio or

social media. Tertiary education does more than inculcate technical skills–importantly, it also

embeds evidence seeking and analysis, and critical thinking. The Internet, discerningly used,

provides important sources of evidence. Wider availability of tertiary education would also

suggest greater gender equality, and female education is known to have positive effects on fam-

ily health behaviour. These measures suggest that an aware informed population, with govern-

ment committed to applying educational resources, is more likely to respond positively and

cooperatively with radical public health measures, fitting co-creation theories [18–20].

High expenditure on advanced therapeutic health services, and indeed on individual pre-

ventive health programmes, is potentially fully justifiable in terms of focused intrinsic health

gain. However, public health, and its vital role in saving morbidity and mortality, benefits little

from therapeutic health spend but is also itself not quantified [21].

Open democracy

The strongest, and least anticipated, findings come from the political characteristics. The clear

linkage between resisting the initial wave of the pandemic or successful recovery from it are

strongly associated with proportionate representation, and with the likelihood of having a coa-

lition government and of a female prime minister. These characteristics, and being nations

with populations under 30 million, fit with the concept of responsive governments being in

touch with their population, and being able to lead in a way which is clear and rationally pre-

sented to the population in relation to the evidence. These are not aspects hitherto considered

in development of health policy, and indeed lie well outside the traditional arena of health pol-

icy. However, they do accord with the view that leadership and governance reflect the effective-

ness of coordination structures and strongly correlate with politics, which is claimed as

“central in determining how citizens and policy makers recognize and define problems” [22].
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Furthermore, Oliver suggests that “governmental priorities are influenced by perceptions of

the population affected by a given problem, as well as its severity and cause” [22], while from

these results the obverse can also be postulated, that populations respond to the way that prob-

lems and solutions are portrayed and openly underpinned with shared evidence and logic.

It can be hypothesised that coalition governments, by being more fragile and needing to

keep political partners continuously convinced and thus committed, also have to be persuasive

[23], and our findings would support that. Conversely, countries with first past the post elec-

tions can result in governments representing only a minority of the population, and single

party majority governments can ride out criticism with comparative impunity over several

years until the next election. One prior position is that elements of politics—such as govern-

ment, ideology, power and authority—have important impacts on the distribution of a very

wide range of health outcomes [24], and that matches our data. Further, the need to think

more holistically and more innovatively, to understand the ordinary citizen, and explain with

insight and empathy, have been suggested as skills more often seen in female politicians [25].

This study underscores the findings of a large survey of scientists on whether governments

were seeking and following scientific advice [13]. Results are only available for 22 of the 42

study countries, but they correlate strongly with success in Covid control–the most successful

countries reported here head the list with 65%-77% perceived recognition of scientific focus

(or if not included in that survey have similar evidence of government seeking and being influ-

enced by science, such as Ireland [26, 27]); by contrast the UK with a high mortality rate is low

at 24% perceived commitment of scientific input. Overall, the study results also concur with

other contemporaneously conducted but differently focussed studies [28–30].

This study completed its analysis just as the WHO-initiated Independent Panel [31] com-

pleted its main report [32, 33]. That Panel studied in detail 28 countries, and identified that

leadership which failed to base decisions on scientific evidence was a key factor in poor perfor-

mance in thwarting the pandemic. The work reported here worked from bottom-up data for

42 countries. The commonality of findings is in determining that scientific based open and vis-

ible evidence-based leadership was influential in producing the best responses to minimise the

impact of the pandemic.

Theoretical and practical implications

Hitherto consideration of pandemic preparedness has focussed on technical capacity and func-

tions [10], while WHO has also promoted understanding of the impact of a wider range of

national and public policies on health in the work on Health in all Policies [34]. The results

from this study take this further, by demonstrating on the one hand that wider public policy

aspects such as high tertiary education access and uptake have clear health benefits; but sec-

ondly that when health crises need rapid realignment of health response and also need change

of public behaviour, informative and empathetic democracy styles save lives.

Within a European context, these findings reinforce the relevance and perception of the

Tallinn Charter on Health Systems for Health and Wealth [35]. This promoted a range of prin-

ciples including equity, participation, transparency, and cross-sectoral investment to promote

health, and all countries signed up to this programme in 2008. Though not conceived in a pan-

demic context, nevertheless these values have shown by this study to be more influential in

pandemic recovery than health sector specific strengths.

And in a wider context, these findings link in with an emergent debate in countries and pri-

marily in social media about the limitations of some voting systems and government selection

methods, particularly the first past the post system which can lead to governments gaining a

strong majority based on a minority of voters. Not hitherto considered a determinant of
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health, representation of (and leadership of) the people may now emerge as important in effec-

tive pandemic leadership.

Limits of the study

This study perforce features some limitations that, even if arguably they do not undermine the

core findings, for the sake of completeness need to be presented and discussed.

Firstly, the data available obliged us to take each state as a jurisdictional entity, preventing

the possibility of considering the complexity of different forms of federal states, layers of

administration such as national and municipal, and the variants of service decentralisation

and devolution.

Secondly, despite our efforts to find data for all the countries in our sample, as indicated

earlier some values for some indicators were not available. We chose not to seek to approxi-

mate missing values from other sources with different definitions, or where a large-scale study

omitted individual countries–in other words, we prioritised comparability over approxima-

tion-based coverage. Thus some of the variables employed in the correlation analyses pre-

sented one or more missing values (i.e. observations that were not available for one or more

countries). Some of the correlations, therefore, were calculated based on a partial sample. For

these reasons, indeed, the results obtained by the correlations containing missing values are

less generalizable and should be referred only for those countries for which the values are pres-

ent. This applies also for the averages calculations in the cluster analysis. For the sake of clarity,

the list of the variables employed and the collected and missing values for each is reported in

the Supporting information.

It is important to stress that these considerations do not apply to the econometric analysis

for which the variables considered in the model have been selected not least on the basis of the

absence (or very low presence) of missing values. Also, the presence of outliers influences the

results of the cluster analysis, highlighting the need of further investigations to understand the

presence of such extreme values.

Finally, we emphasise that the Demographic and Socio-economic and the Political System

measures had very high data completeness, as well as yielding strong findings. The Public

Health and Health System measures had scattered small numbers of void cells, due mainly

either to a specific preventive programme not being available in some countries, or to use of

different reporting characteristics of health resources which could not accurately be recalcu-

lated–these data gaps are fairly few and random, and are not likely to have a systemic effect on

the overall findings.

Conclusion

The clear conclusion of this multi-dimensional study is that success in combating the early

stages of the Covid-19 pandemic was little influenced by health resources and spend, but was

much more beneficially influenced by having an empowering and open style of government.

Secondly, governments which already supported their people’s awareness, such as by investing

in higher education, and then in the crisis listening to the scientists and explaining to the peo-

ple from a position of respectful and empathic leadership, fared much better. This fits with the

concept of Health in all Policies as the key to the health of populations [34], and with more

recent analysis linked to Covid-19 [36]. The style of many politicians and policy makers, in set-

ting a policy dogma on health system style, and promoting higher funding levels, appears to be

missing a key point. What seems proven as important and effective is a government focussed

on leading the people, explaining problems and resultant policies, with a culture of leadership

rather than instruction. This study’s findings also accord with a recent global analysis which
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identified Canada, Denmark, Finland, Iceland, Ireland, New Zealand and Norway as the coun-

tries having the freest forms of democracy [37]—all these countries are shown in our study to

have had good early phase Covid outcomes, particularly in effective responses to the initial

impact giving rapid corrective action as reported in Table 3

As already stated, this study was limited by the need to find and use impartial comparable

data. The study also took each state as a jurisdictional entity, and was not able to consider the

complexity of different forms of federal states and variants of service decentralisation and

devolution. But at a top level this arguably does not undermine the core findings.

Majority governments, seeming strong but being more impervious to feedback, appear less

effective in pandemic management than open and responsive ones. Greater strength is shown

by seeking, listening, making evidence-based decisions, and explaining the chosen way for-

ward, and this yields better results. And to enable this leadership style to prevail, a proportion-

ally represented population, empowered in particular by tertiary education opportunity which

itself cultivates critical analysis as a social skill, seems important. Replication of this study in

other geo-political clusters of like states, such as the Latin American and Caribbean regions, or

South East Asia, would also be valuable, as would study of different federal and decentralisa-

tion models, and the effects of different electoral systems.

Most recently, Ahmad et al have undertaken a large-scale study of 928 respondents in 66

countries, to assess the Political, Economic, Sociological, Technological, Ecological, Legislative

and Industry (PESTELI) factors helping and hindering the initial response to the pandemic

[38]. Though a very different study, and based on respondents’ views and analyses collected in

a framed way rather than on pre-existing structural data, there are commonalities, and little

conflict. In particular they found that GDP is not a determinant of a successful response to the

pandemic, and that there can be a naïve reliance on technology without understanding of

operational systems. But above all, and in line with our initially unexpected findings, they

identified that political leadership was often dogmatic and unhelpful, and in some countries

science and data were obscured, but in more successful countries leadership which sought and

shared facts and views was more appreciated and successful. They also found the move to dog-

matically strong leadership could lead to placement of contracts with close associates, and

related corruption rather than effectiveness.

Separately, McKee et al have undertaken a scoping study suggesting a correlation between

right-wing populist leaders and high Covid-19 deaths [39]. In our study and these two more

recent and different ones, the political styles in the USA and United Kingdom in early 2020

seem to be linked to globally comparative high mortality rates.

As already cited, studies of specific Covid-related responses are in hand. But to enable better

use of the results, more study of styles and successes of political leadership, and analysis of the

dynamic of the dialogue through accessing indigenous materials, seems necessary to comple-

ment health system and intervention studies, as well as assessing how means of implementing

societal acceptance and adoption are as important as technical measures. Open democracy

emerges as a previously unrecognised Determinant of Health, which is logical as this political

leadership style would seem more likely to recognise and address the already well-established

determinants of health [40]. More research is needed and justified on the responsibilities of poli-

ticians, the political system, and leadership on determining health in all its forms (from protec-

tion against health threats, through physical and societal determinants of health, to adroitness of

health systems). In parallel, health research into societal determinants should seek to stimulate

and interface with political studies’ assessments of the effect of democratic systems and styles.

These results provide important caveats and qualification to the earlier pre-Covid WHO

guidance on preparedness for emergencies [1] by demonstrating that it is not simplistic volume

of resources or stridency of government, but informing and empowering the population and
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the health system, which have key effects and influence outcomes. Furthermore, current studies

of different interventions to address the specifics of the Covid-19 pandemic, though important,

are only part of the picture because it is the deployment of innovations which matters, and the

critical leadership and deployment aspects of these need much further unbiased study, Studies

of health systems and interventions need to be complemented by studies into holistic political

and governmental leadership on health and society, and need to interact with analyses of demo-

cratic forms and agencies in regard to their hitherto under-quantified effect on population

health. Government of the people, by empathetic people, for the well-being of the people, based

on science, appears proven as the optimum approach, but its structure, processes, enablement

and practicalities need further identification and realisation.

Supporting information

S1 Table. Reasons for selection of measures.

(PDF)

S2 Table. Data values for measures by country.

(PDF)

S3 Table. Data sources.

(PDF)

S4 Table. Completeness of coverage for the 42 study countries for each measure.

(PDF)

S5 Table. Prime ministers and equivalents, February 2020.

(PDF)

S6 Table. Process for selection of measures for the multivariate analysis.

(PDF)

Author Contributions

Conceptualization: Michael J. Rigby, Fabrizio Pecoraro, Marco Cellini.

Data curation: Michael J. Rigby, Fabrizio Pecoraro, Marco Cellini.

Formal analysis: Kinga Zdunek, Fabrizio Pecoraro, Marco Cellini, Daniela Luzi.

Funding acquisition: Daniela Luzi.

Investigation: Kinga Zdunek, Fabrizio Pecoraro, Marco Cellini, Daniela Luzi.

Methodology: Michael J. Rigby, Kinga Zdunek, Fabrizio Pecoraro, Marco Cellini, Daniela

Luzi.

Supervision: Michael J. Rigby, Daniela Luzi.

Validation: Fabrizio Pecoraro, Daniela Luzi.

Visualization: Fabrizio Pecoraro.

Writing – original draft: Michael J. Rigby, Kinga Zdunek, Fabrizio Pecoraro, Marco Cellini,

Daniela Luzi.

Writing – review & editing: Michael J. Rigby, Kinga Zdunek, Fabrizio Pecoraro, Marco Cel-

lini, Daniela Luzi.

PLOS ONE When Covid-19 first struck: Analysis of the influence of structural factors, technocracy, and open democracy

PLOS ONE | https://doi.org/10.1371/journal.pone.0257757 October 4, 2021 24 / 26

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0257757.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0257757.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0257757.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0257757.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0257757.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0257757.s006
https://doi.org/10.1371/journal.pone.0257757


References
1. World Health Organisation Regional Office for Europe. Strengthening health-system emergency pre-

paredness. Toolkit for assessing health-system capacity for crisis management; WHO Copenhagen,

2012, (available on https://www.euro.who.int/data/assets/pdf_file/0008/157886/e96187.pdf

2. Donabedian A. Evaluating the Quality of Medical Care; Milbank Memorial Fund Quarterly, XLIV, 3:2,

1966, 166–203. PMID: 5338568

3. European Observatory on Health Systems and Policies. Covid-19 Health System Response Monitor;

https://www.covid19healthsystem.org/mainpage.aspx (Accessed 25 March 2021)

4. Our World in Data. Policy Responses to the Coronavirus Pandemic; https://ourworldindata.org/policy-

responses-covid (Accessed 25 March 2021)

5. Health Information and Quality Authority. Public health measures and strategies to limit the spread of

COVID-19: an international review; Dublin 2021. (Available on https://www.hiqa.ie/sites/default/files/

2021-03/Public-health-measures-and-strategies-to-limit-the-spread-of-COVID-19_0.pdf; accessed 25

March 2021)

6. McCloskey B, Heymann DL. SARS to novel coronavirus–old lessons and new lessons; Epidemiology &

Infection, Volume 148, 2020, e22, https://doi.org/10.1017/S0950268820000254 PMID: 32019614

7. Reuters. Europe’s COVID-19 divide; https://graphics.reuters.com/HEALTH-CORONAVIRUS/

DEATHS/jznvnmanrpl/ (Accessed 16 February 2021)

8. Johansson MA; Quandelacy TM; Kada S; Prasad PV; Steele M; Brooks JT, et al. SARS-CoV-2 Trans-

mission From People Without COVID-19 Symptoms; JAMA Network Open. 2021; 4(1):e2035057.

https://doi.org/10.1001/jamanetworkopen.2020.35057 PMID: 33410879

9. Leung TYM et al. Short- and potential long-term adverse health outcomes of COVID-19: a rapid review;

Emerg Microbes Infect. 2020 Dec; 9(1):2190–2199. https://doi.org/10.1080/22221751.2020.1825914

PMID: 32940572

10. Ward JH. Hierarchical grouping to optimize an objective function. J Am Stat Assoc 1963; 58:236–244

11. Breusch T S and Pagan A R. A simple test for heteroscedasticity and random coefficient variation.

Econometrica. 1979, Volume 47, Issue 5, pages 1287–1294. https://doi.org/10.2307/1911963.

12. Cook R D and Weisberg S. Diagnostics for heteroscedasticity in regression. Biometrika. 1983, Volume

70, Issue 1, Pages 1–10. https://doi.org/10.2307/2335938.

13. Rijs C, Fenter F. The Academic Response to COVID-19; Policy Brief Article, Frontiers in Public Health,

28 October 2020; https://doi.org/10.3389/fpubh.2020.621563 PMID: 32850583

14. Wooldridge J. M. Econometric analysis of cross section and panel data. MIT press, 2010

15. van Dorn A, Cooney RE, Sabin MI. COVID-19 exacerbating inequalities in the US; Lancet. 2020 18–24

April; 395(10232): 1243–1244 https://doi.org/10.1016/S0140-6736(20)30893-X PMID: 32305087

16. Bambra C, Riordan R, Ford J, Matthews F. The COVID-19 pandemic and health inequalities; J Epide-

miol Community Health. 2020 Nov; 74(11): 964–968. https://doi.org/10.1136/jech-2020-214401 PMID:

32535550

17. Cellini M, Pecoraro F, Rigby M, Luzi D. Variation in immunization rates across 30 EU/EEA countries

(manuscript in submission)

18. Lalonde M. A New Perspective on the Health of Canadians; Government of Canada, Ottawa, 1981

19. Turk E, et al. International experiences with co-production and people centredness offer lessons for

covid-19 Responses; BMJ 2021; 372:m4752 https://doi.org/10.1136/bmj.m4752 PMID: 33593813

20. Wong A.S., Kohler J.C. Social capital and public health: responding to the COVID-19 pandemic. Global

Health 16, 88 (2020). BMJ 2021;372:m4752 https://doi.org/10.1186/s12992-020-00615-x PMID: 32977805

21. Clark J. Medicalization of global health 1: has the global health agenda become too medicalized? Glob

Health Action 2014, 7: 23998 https://doi.org/10.3402/gha.v7.23998 PMID: 24848659

22. Oliver T. R. (2006) ‘The politics of public health policy’, Annual review of public health, 27, pp. 195–233.

https://doi.org/10.1146/annurev.publhealth.25.101802.123126 PMID: 16533115

23. Martin LW, Vanberg G. Coalition Government and Political Communication; Political Research Quar-

terly, Volume: 61 issue: 3, page(s): 502–516 first published online: October 6, 2007

24. Bambra C, Fox D, and Scott-Samuel A: A politics of health glossary; J Epidemiol Community Health.

2007 Jul; 61(7): 571–574. https://doi.org/10.1136/jech.2006.046128 PMID: 17568046

25. Johnson C, Williams B. Gender and Political Leadership in a Time of COVID; Politics & Gender, 16

(2020), 943–950.

26. Department of Health (Ireland). Minutes and agendas from meetings of the NPHET: COVID-19; https://

www.gov.ie/en/collection/691330-national-public-health-emergency-team-covid-19-coronavirus/?

PLOS ONE When Covid-19 first struck: Analysis of the influence of structural factors, technocracy, and open democracy

PLOS ONE | https://doi.org/10.1371/journal.pone.0257757 October 4, 2021 25 / 26

https://www.euro.who.int/data/assets/pdf_file/0008/157886/e96187.pdf
http://www.ncbi.nlm.nih.gov/pubmed/5338568
https://www.covid19healthsystem.org/mainpage.aspx
https://ourworldindata.org/policy-responses-covid
https://ourworldindata.org/policy-responses-covid
https://www.hiqa.ie/sites/default/files/2021-03/Public-health-measures-and-strategies-to-limit-the-spread-of-COVID-19_0.pdf
https://www.hiqa.ie/sites/default/files/2021-03/Public-health-measures-and-strategies-to-limit-the-spread-of-COVID-19_0.pdf
https://doi.org/10.1017/S0950268820000254
http://www.ncbi.nlm.nih.gov/pubmed/32019614
https://graphics.reuters.com/HEALTH-CORONAVIRUS/DEATHS/jznvnmanrpl/
https://graphics.reuters.com/HEALTH-CORONAVIRUS/DEATHS/jznvnmanrpl/
https://doi.org/10.1001/jamanetworkopen.2020.35057
http://www.ncbi.nlm.nih.gov/pubmed/33410879
https://doi.org/10.1080/22221751.2020.1825914
http://www.ncbi.nlm.nih.gov/pubmed/32940572
https://doi.org/10.2307/1911963
https://doi.org/10.2307/2335938
https://doi.org/10.3389/fpubh.2020.621563
http://www.ncbi.nlm.nih.gov/pubmed/32850583
https://doi.org/10.1016/S0140-6736(20)30893-X
http://www.ncbi.nlm.nih.gov/pubmed/32305087
https://doi.org/10.1136/jech-2020-214401
http://www.ncbi.nlm.nih.gov/pubmed/32535550
https://doi.org/10.1136/bmj.m4752
http://www.ncbi.nlm.nih.gov/pubmed/33593813
https://doi.org/10.1186/s12992-020-00615-x
http://www.ncbi.nlm.nih.gov/pubmed/32977805
https://doi.org/10.3402/gha.v7.23998
http://www.ncbi.nlm.nih.gov/pubmed/24848659
https://doi.org/10.1146/annurev.publhealth.25.101802.123126
http://www.ncbi.nlm.nih.gov/pubmed/16533115
https://doi.org/10.1136/jech.2006.046128
http://www.ncbi.nlm.nih.gov/pubmed/17568046
https://www.gov.ie/en/collection/691330-national-public-health-emergency-team-covid-19-coronavirus/?referrer=http://www.gov.ie/en/collection/4abdb7-minutes-of-national-public-health-emergency-team-nphet-meetings-2019/
https://www.gov.ie/en/collection/691330-national-public-health-emergency-team-covid-19-coronavirus/?referrer=http://www.gov.ie/en/collection/4abdb7-minutes-of-national-public-health-emergency-team-nphet-meetings-2019/
https://doi.org/10.1371/journal.pone.0257757


referrer=http://www.gov.ie/en/collection/4abdb7-minutes-of-national-public-health-emergency-team-

nphet-meetings-2019/ (accessed 26 March 2021)

27. Health Information and Quality Authority. Covid-19 Health Technology Assessments; https://www.hiqa.

ie/reports-and-publications/health-technology-assessments?tid_1=All&field_hta_topics_target_id=112

(accessed 26 March 2021)

28. Bosancianu C. M., Dionne K. Y., Hilbig H., Humphreys M., Sampada K. C., Lieber N., et al. (2020). Polit-

ical and social correlates of covid-19 mortality. Social Science Open Archive SocArXiv 2020; https://osf.

io/preprints/socarxiv/ub3zd/ (accessed 26 March 2021)

29. Sorci G., Faivre B., & Morand S. (2020). Explaining among-country variation in COVID-19 case fatality

rate. Scientific reports, 10(1), 1–11. https://doi.org/10.1038/s41598-019-56847-4 PMID: 31913322

30. Khan J. R., Awan N., Islam M., & Muurlink O. Healthcare capacity, health expenditure, and civil society

as predictors of COVID-19 case fatalities: A global analysis. Frontiers in public health, 2020, 8, 347.

https://doi.org/10.3389/fpubh.2020.00347 PMID: 32719765

31. The Independent Panel for Pandemic Preparedness & Response. About the Independent Panel;

https://theindependentpanel.org/about-the-independent-panel/ (accessed 20 May 2021)

32. Independent Panel for Pandemic Preparedness & Response: COVID-19: Make it the Last Pandemic;

May 2921https://theindependentpanel.org/wp-content/uploads/2021/05/COVID-19-Make-it-the-Last-

Pandemic_final.pdf (accessed 20 May 2021)

33. Sirleaf EJ, Clark H. Report of the Independent Panel for Pandemic Preparedness and Response: mak-

ing COVID-19 the last pandemic; Lancet, May 12, 2021; https://doi.org/10.1016/S0140-6736(21)

01095-3 PMID: 33991477

34. Leppo K, Ollila E. Pe˜na S, Wismar M, Cook S (eds). Health in All Policies Seizing opportunities, imple-

menting policies; Ministry of Social Affairs and Health, Finland, Helsinki, 2013 (available at https://www.

euro.who.int/__data/assets/pdf_file/0007/188809/Health-in-All-Policies-final.pdf

35. World Health Organisation Regional Office for Europe (2008). Tallinn Charter: Health Systems for

Health and Wealth; WHO, Copenhagen, 2008; available at http://www.euro.who.int/__data/assets/pdf_

file/0008/88613/E91438.pdf?ua=1

36. Rajan D, Kock K. The Health Democracy Deficit And Covid-19; Eurohealth—Vol. 26 | No.3 | 2020

37. Economist Intelligence Unit. Global Democracy Index 2020; https://www.economist.com/graphic-detail/

2021/02/02/global-democracy-has-a-very-bad-year?utm_campaign=editorial-social&utm_medium=

social-organic&utm_source=twitter (accessed 5 February 2021)

38. Ahmad R et al. Macro level influences on strategic responses to the COVID-19 pandemic—an interna-

tional survey and tool for national assessments; J Glob Health. 2021 Jul 1; 11:05011. https://doi.org/10.

7189/jogh.11.05011 PMID: 34221358

39. McKee M, Gugushvili A, Koltai J, Stuckler D. Are populist leaders creating the conditions for the spread

of COVID-19? Comment on “A scoping review of populist radical right parties’ influence on welfare pol-

icy and its implications for population health in Europe.” Int J Health Policy Manag. 2021; 10(8):511–

515.

40. Marmot M et al. Closing the gap in a generation: health equity through action on the social determinants

of health; Lancet, Volume 372, Issue 9650, 8–14 November 2008, Pages 1661–1669

PLOS ONE When Covid-19 first struck: Analysis of the influence of structural factors, technocracy, and open democracy

PLOS ONE | https://doi.org/10.1371/journal.pone.0257757 October 4, 2021 26 / 26

https://www.gov.ie/en/collection/691330-national-public-health-emergency-team-covid-19-coronavirus/?referrer=http://www.gov.ie/en/collection/4abdb7-minutes-of-national-public-health-emergency-team-nphet-meetings-2019/
https://www.gov.ie/en/collection/691330-national-public-health-emergency-team-covid-19-coronavirus/?referrer=http://www.gov.ie/en/collection/4abdb7-minutes-of-national-public-health-emergency-team-nphet-meetings-2019/
https://www.hiqa.ie/reports-and-publications/health-technology-assessments?tid_1=All&field_hta_topics_target_id=112
https://www.hiqa.ie/reports-and-publications/health-technology-assessments?tid_1=All&field_hta_topics_target_id=112
https://osf.io/preprints/socarxiv/ub3zd/
https://osf.io/preprints/socarxiv/ub3zd/
https://doi.org/10.1038/s41598-019-56847-4
http://www.ncbi.nlm.nih.gov/pubmed/31913322
https://doi.org/10.3389/fpubh.2020.00347
http://www.ncbi.nlm.nih.gov/pubmed/32719765
https://theindependentpanel.org/about-the-independent-panel/
https://theindependentpanel.org/wp-content/uploads/2021/05/COVID-19-Make-it-the-Last-Pandemic_final.pdf
https://theindependentpanel.org/wp-content/uploads/2021/05/COVID-19-Make-it-the-Last-Pandemic_final.pdf
https://doi.org/10.1016/S0140-6736(21)01095-3
https://doi.org/10.1016/S0140-6736(21)01095-3
http://www.ncbi.nlm.nih.gov/pubmed/33991477
https://www.euro.who.int/__data/assets/pdf_file/0007/188809/Health-in-All-Policies-final.pdf
https://www.euro.who.int/__data/assets/pdf_file/0007/188809/Health-in-All-Policies-final.pdf
http://www.euro.who.int/__data/assets/pdf_file/0008/88613/E91438.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0008/88613/E91438.pdf?ua=1
https://www.economist.com/graphic-detail/2021/02/02/global-democracy-has-a-very-bad-year?utm_campaign=editorial-social&utm_medium=social-organic&utm_source=twitter
https://www.economist.com/graphic-detail/2021/02/02/global-democracy-has-a-very-bad-year?utm_campaign=editorial-social&utm_medium=social-organic&utm_source=twitter
https://www.economist.com/graphic-detail/2021/02/02/global-democracy-has-a-very-bad-year?utm_campaign=editorial-social&utm_medium=social-organic&utm_source=twitter
https://doi.org/10.7189/jogh.11.05011
https://doi.org/10.7189/jogh.11.05011
http://www.ncbi.nlm.nih.gov/pubmed/34221358
https://doi.org/10.1371/journal.pone.0257757

