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Abstract
The goal of the study here is to analyze and assess whether strict containment policies to cope with Coronavirus Disease 2019 
(COVID-19) pandemic crisis are effective interventions to reduce high numbers of infections and deaths. A homogenous 
sample of 31 countries is categorized in two sets: countries with high or low strictness of public policy to cope with COVID-
19 pandemic crisis. The findings here suggest that countries with a low intensity of strictness have average confirmed cases 
and fatality rates related to COVID-19 lower than countries with high strictness in containment policies (confirmed cases 
are 24.69% vs. 26.06% and fatality rates are 74.33% vs. 76.38%, respectively, in countries with low and high strictness of 
COVID-19 public policies of containment). What this study adds is that high levels of strict restriction policies may not be 
useful measures of control in containing the spread and negative impact of pandemics similar to COVID-19 and additionally  
a high strictness in containment policies generates substantial social and economic costs. These findings can be explained 
with manifold socioeconomic and environmental factors that support transmission dynamics and circulation of COVID-
19 pandemic. Hence, high levels of strictness in public policy (and also a high share of administering new vaccines) seem 
to have low effectiveness to stop pandemics similar to COVID-19 driven by mutant viral agents. These results here suggest 
that the design of effective health policies for prevention and preparedness of future pandemics should be underpinned in 
a good governance of countries and adoption of new technology, rather than strict and generalized health polices having 
ambiguous effects of containment in society.
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Introduction

Public policies of countries to cope with infectious diseases 
similar to Coronavirus Disease 2019 (COVID-19) can have 
different levels of strictness to lower negative pandemic 
impact in terms of high numbers of infections and deaths 
(Anttiroiko 2021; Bontempi et  al. 2021; Bontempi and 
Coccia 2021; Coccia 2022a; Nicoll and Coulombier 2009; 
Vinceti et al. 2021). In particular, government responses of 
countries to cope with COVID-19 can have a   high degree 

of strictness, such as a long period of full lockdown and 
quarantine, general travel bans at domestic and international 
level, compulsory facemask coverings indoors and outdoors, 
and widespread impositions to circulation of people that 
reduce public and private life in society, etc. (Allen 2022; 
Askitas et al. 2021; Kim and Lee 2022; Wieland 2020). The 
strictness of policy responses to face COVID-19 pandemic 
crisis can be measured with a combination of different indi-
cators that are aggregated in the stringency index, which is 
processed by the Oxford Coronavirus Government Response 
Tracker project (Hale et al. 2021; Stringency Index 2022). 
Mahmoudi and Xiong (2022) argue that lower COVID-19 
infections and mortality rates are associated with stricter 
enforcement policies and more severe penalties for violat-
ing stay-at-home orders and other control measures. Qiu 
et al. (2022) point out that bans of travel, closing schools 
and economic activities, and other restrictions were found 
to be the most effective responses to reduce COVID-19 
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transmission. However, an unknown question is what  con-
tainment policies to cope with COVID-19 crisis are more 
effective measures: i.e.,  if the appropriate strategy is the 
design and implementation of a public poliy with a high or 
low degree of restrictions in society (Wood 2021). The goal 
of the study here is to confront this vital question with the 
evaluation of the effectiveness of different public policies 
to cope with COVID-19 pandemic crisis in reducing infec-
tions and deaths and also in sustaining economic growth. 
A comparative analysis between countries that introduced 
a high degree of restrictions and countries with a low 
strictness of COVID-19 containment policies can clarify 
the effects of interventions in society. In fact, the identifica-
tion and understanding of the effects of different types of 
containment policies  provide critical aspects for planning 
and improving effective responses of crisis management to 
cope with next pandemic impacts, similar to COVID-19, in 
socioeconomic system and total environment (Barro 2020; 
Coccia 2021a, b, 2022b, c, d).

Methods

Sample

The sample is based on 31 countries belonging to the 
Organisation for Economic Co-operation and Development 
(OECD Data 2022a) with a Gross Domestic Product (GDP) 
per capita higher than U$16,000 to have a homogenous 
framework for statistical analyses. Countries of the sample 
are: Australia, Austria, Belgium, Canada, Czech Republic, 
Denmark, Estonia, Finland, France, Germany, Greece, Hun-
gary, Iceland, Ireland, Israel, Italy, Japan, Latvia, Lithuania, 
Netherlands, New Zealand, Norway, Poland, Portugal, Slo-
vakia, Slovenia, Spain, Sweden, Switzerland, UK, and USA.

Measures for statistical analyses

– Strictness of COVID-19 health policies in nations is 
measured with the stringency index that aggregates 
different indicators of government responses to face 
COVID-19 pandemic crisis (e.g., period of school clo-
sure, business closure, quarantine, travel reduction, can-
cellation of events, and orders for vaccination policies). 
Minimum of the index = 0, maximum = 100, which indi-
cates the highest strictness of public policy to cope with 
COVID-19 pandemic crisis. Period under study: January 
2020–January 2022 (Hale et al. 2021; Stringency Index 
2022).

– Wealth of nations is measured with GDP per capita in 
2020, constant 2010 US$ (The World Bank 2022a).

– Economic growth is measured with GDP (annual) growth 
rate % in 2020 (OECD Data 2022b).

– Health expenditure (% of GDP) over 2008–2018, last 
period available (The Word Bank 2022a).

– Population total of the year 2020 (The World Bank 
2022c).

– COVID-19 vaccination is measured with the percent 
share of people fully vaccinated against COVID-19 
in countries on 14 February 2022 (Our World in Data 
2022a).

– COVID-19 infected individuals (%)  are the percent 
ratio between confirmed cases of COVID-19 (on 21 
February 2022) and population (Johns Hopkins Center 
for System Science and Engineering 2022).

– Mortality related to COVID-19 is measured with Case 
Fatality Ratio (CFR) % on 21 February 2022 (cf., Coc-
cia 2021b; WHO 2020; Wilson et al. 2020):

Source of data: Johns Hopkins Center for System Sci-
ence and Engineering (2022).

– Medical ventilators are the number of these techno-
logical devices per 100,000 inhabitants over 2015–
2020 period, last period available (Our World in Data 
2022b).

Data analysis procedure 

Firstly, the containment (stringency) index of countries 
under study is used to categorize the sample in two sets:

– Group 1: Countries with a high degree of restric-
tions and mandatory measures to cope with COVID-
19 pandemic crisis: average containment index over 
2020–2022 period is higher than 50 points (100 = max 
of restrictions). These countries have introduced a lot 
of non-pharmaceutical measures for pandemic control 
that are characterized by a long period of full lock-
down (including school closure, workplace and busi-
ness closure, and a longer average period of quaran-
tine), widespread domestic and international travel 
reduction, compulsory wearing face masks outdoors 
and indoors, and cancellation of all public and private 
events (Coccia 2021c, d). Moreover, some countries 
have also introduced mandates for vaccinations of 
people working in specific and/or all economic sectors 
(Coccia 2021e, 2022d, e). These countries are: Aus-
tralia, Austria, Belgium, Canada, France, Germany, 
Greece, Ireland, Israel, Italy, Netherlands, Portugal, 
Slovakia, Spain, UK, and USA (Fig. 1).

– Group 2: Countries with a low degree of restric-
tions and impositions to face COVID-19 pandemic 

Case Fatality Ratio (CFR)% =

(

Number of deaths from COVID − 19

Number of confirmed cases of COVID − 19

)

× 100
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crisis: average containment (stringency) index has a 
score lower than 50 points. In general, these countries 
have introduced few non-pharmaceutical measures of 
pandemic control, and having a short duration moreo-
ver, vaccination policies in these countries are based on 
incentives and not compulsory rules (Coccia 2022e). 
These countries are: Czech Republic, Denmark, Esto-
nia, Finland, Hungary, Iceland, Japan, Latvia, Lithu-
ania, New Zealand, Norway, Poland, Slovenia, Sweden, 
and Switzerland (Fig. 1).

Remark: This study considers OECD countries for which 
all data of variables under study are available, whereas other 
countries like China (that appropriately controlled the new 
coronavirus --SARS-Cov 2-- and apply strict policies for 

stopping the spread of COVID-19 in cities) are not included 
because data of some variables are missing, and all statistical 
analyses cannot be performed.

Secondly, the bivariate and partial correlations 
(controlling health expenditure as % of GDP) assess all 
associations of variables under study. The  follow-up 
investigation is a comparative analysis of the two 
groups using descriptive statistics (cf., Coccia 2018a). 
Moreover, independent samples T-test analyzes if 
the arithmetic means of variables between groups 
1 and 2 (above)  are significantly different and, as a 
consequence, if countries with a high level of strictness 
in containment policy to cope with COVID-19 pandemic 
crisis, they effectively reduce infections and deaths and 
sustain economic growth.

Fig. 1  Map of countries with a 
high and low strictness in policy 
responses to cope with COVID-
19 pandemic. Countries with 
high strict policies of contain-
ment have red color: Australia, 
Austria, Belgium, Canada, 
France, Germany, Greece, 
Ireland, Israel, Italy, Nether-
lands, Portugal, Slovakia, Spain, 
UK, and USA. Countries with 
low strictness in containment 
policies have a color yellow 
in the map: Czech Republic, 
Denmark, Estonia, Finland, 
Hungary, Iceland, Japan, Latvia, 
Lithuania, New Zealand, Nor-
way, Poland, Slovenia, Sweden, 
and Switzerland

Table 1  Correlation analysis

Note 1. **Correlation is significant at the 0.01 level (1-tailed), *correlation is significant at the 0.05 level (1-tailed). Note 2: Control variable log 
average health expenditure 2008–2018

Bivariate correlation Log average 
containment 
index
2020–2022

Log full vaccinated people
February 2022

Log confirmed cases
21 February 2022

Log fatality rate
21 February 2022

GDP growth (annual %), 
2020

Log average containment 
index 2020–2022

1 0.496** 0.263 0.336*  − 0.324*

Partial correlation
Control variable: Log 

average health expendi-
ture 2008–2018

Log average 
containment 
index

2020–2022

Log full vaccinated people
February 2022

Log confirmed cases
21 February 2022

Log fatality rate
21 February 2022

GDP growth (annual %), 
2020

Log average containment 
index 2020–2022

1 0.465 0.289 0.381  − 0.300

Significance (1-tailed) 0.006 0.064 0.021 0.057
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Results

Results show a positive (and significant) association between 
containment (stringency) index and fatality rate (r = 0.34, 
p-value 0.05), and full vaccinated people (r = 0.50, p-value 
0.01), whereas correlation is negative with GDP growth 
(annual %). These results are confirmed with partial cor-
relation, controlling average health expenditure (Table 1).

The categorization of countries is visualized geographi-
cally in Fig. 1:

• Countries with a low level of control measures in con-
tainment policies to face COVID-19 have a stringency 
index over 2020–2022 (January) period equal to an aver-
age value of 47.8 points (std. error 0.99). Countries with 
a yellow color in Fig. 1.

• Countries with a high level of control measures in contain-
ment policies (high strictness) have a mean index of strin-
gency over 2020–2022 (January) period = 59.6 points (std. 
error 1.05). Countries with a red color in the map (Fig. 1).

Table 2 shows that countries with a high strictness in 
restrictions in society (average containment index of about 
60) have a high  share of vaccinations but confirmed cases 
on population (%) and case fatality rates (%) are higher than 
countries with a low strictness of COVID-19 containment 
policies (confirmed cases are 26.06% vs. 24.69% and fatal-
ity rates are 76.38% vs. 74.33%, respectively, in countries 
with high vs. low strictness). Comparative analysis of these 
two groups of countries also shows that average health 
expenditure (% of GDP) is 8.58% vs. 9.8% in countries with 
low vs. high levels of restrictions. In addition, GDP growth 
(annual %) in 2020 of countries with a high score of restric-
tions is − 5.2%, which indicates a higher reduction (i.e., a 
lower economic growth) than countries with a low degree 

of restrictions and strictness of policy responses to face 
COVID-19 crisis (latter countries have GDP growth annual 
= − 3.1%). T-test for equality of means suggests a signifi-
cant difference of the arithmetic means between groups 1 
and 2 of countries with high and low degree of restrictions 
for values of full vaccinated people (p-value 0.01), whereas 
the difference of GDP growth (annual %) in groups 1 and 
2 has a low significance (p-value = 0.1). Other variables, 
such as  fatality rates and confirmed cases, have not a sig-
nificant difference (Table 1). Hence, this result suggests 
that the average level of these variables between groups 1 
and 2 has similar values; as a consequence, the introduction 
of a strategy of high restrictions to reduce infections and 
deaths related to COVID-19 is an ineffective health policy 
of containment but certainly it deteriorates economic growth 
of nations. Figure 2 shows that countries with a high strict-
ness in restrictions have a high negative impact of pandemic 
in society (i.e., high numbers of confirmed cases and fatal-
ity rates) and a high decline of economic growth, though 
a higher share of vaccinations. In general, these findings 
reveal that a high strictness of control measures can block 
the operation of socioeconomic systems without reducing 
negative effects of COVID-19 pandemic crisis (cf., Allen 
2022). Overall, then, policy responses of high restrictions 
and compulsory measures seem to be ineffective to cope with 
COVID-19 pandemic and mitigate high numbers of infec-
tions and deaths, though a high share of vaccinations.

Explanation of results

The statistical evidence above seems in general to show  a 
strictness in public policy does not generate a significant 
effect of reduction of the COVID-19 pandemic impact and 
it induces negative effects on socioeconomic systems.

Table 2  Descriptive statistics

Note: M = arithmetic mean, which is in boldface; (§) these data have missing values for some countries; not sign. = not significant

Countries with LOW restrictions Countries with HIGH restrictions T-test for 
equality of 
means

Description of variables M Std. error mean M Std. error mean Significance
p-value

- Containment index over 2020–2022 period 47.823 0.987 59.606 1.054 0.05
- Current health expenditure % of GDP, 2008–2018 8.578 0.490 9.800 0.593 not sign.
- Share of people fully vaccinated against COVID-19, 

February 2022
69.460 0.020 72.856 0.023 0.01

- Confirmed cases/population (%) 24.69 3.42 26.06 2.24 not sign.
- Fatality rates %, February 2022 74.333 0.177 76.375 0.082 not sign.
- GDP growth (annual %), 2020 (§)  − 3.059 0.489 − 5.174 1.083 0.1
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The explanation of these results is that restrictions and 
mandatory measures to cope with COVID-19 pandemic can 
be a necessary but not a sufficient strategy to reduce the nega-
tive impact of the novel coronavirus in society because there 
are manifold social, institutional, and environmental factors 
that support the diffusion of infections and level of mortality 
of this pandemic (Atkeson 2021; Coccia 2014, 2017a, 2022f; 
Núñez-Delgado et al. 2021; Pronti and Coccia 2021; Yao et al. 
2022). For instance, a high level of international trade in coun-
tries can explain the accelerated transmission dynamics and 
negative impact of the COVID-19 pandemic  because trade 
generates a high socioeconomic interaction between people 
and, as a consequence, circulation of viral agents (Bontempi, 
2022; Bontempi and Coccia 2021; Bontempi et al. 2021). In 
this context, Jamison et al. (2021) maintain that in Europe, 
non-pharmaceutical interventions based on incentives pro-
duce positive effects to cope with pandemic impact compared 
to compulsory rules and/or orders that have a smaller ben-
efit–cost ratio (cf., Coccia 2019a).

A complementary explanation of results is based on 
Peltzman theory (Peltzman 1975). In fact, strict policy 
responses and vast vaccination campaigns can certainly 
help to lower the risk of serious effects of COVID-19, 
but the Peltzman theory suggests that when similar 
safety measures are implemented in society, people tend 
to increase their risky behaviors. This social behav-
ior can be due to a lower people’s perception of risk 
to be infected, and so people take riskier decisions and 
have risk behavior that increase the widespread of viral 
agents, especially of new variants that spread more eas-
ily, generating high numbers of infections and fatality 
rates related to COVID-19 (Khandia et al. 2022; Prasad 
and Jena 2014). Hence, Peltzman theory predicts that 
strict safety measures for COVID-19 pandemic crisis 
(e.g., vast  containment policies against COVID-19 and 

compulsory vaccinations) can generate  a lower benefit 
than expectation because strict control measures are off-
set by increases in risky behavior of people in society 
(Iyengar et al. 2022).

Barro (2020) also analyzes non-pharmaceutical 
interventions and mortality in US cities during the pandemic 
of 1918–1919 period and shows that the estimated effect on 
total deaths is small. Many studies show that hard restriction 
policies, such as full lockdowns of longer period, do not 
significantly reduce the number of confirmed cases and deaths 
related to COVID-19 (Allen 2022; Homburg 2020; Jamison 
et al. 2021; Wieland 2020). Zhu and Tan (2022) assess the 
effectiveness of Hong Kong’s strict border restrictions with 
mainland China in curbing the transmission of COVID-
19 pandemic. Results show that border restriction policy and 
its further extension are not useful measures in containing the 
spread of COVID-19 when the viral agent is circulating in 
society; at the same time, these containment policies increase 
economic and social costs. In addition, health policies based 
on a high degree of restrictions create a state of uncertainty 
that negatively affects overall socioeconomic system, and can 
reduce investments in capital and human resources, decrease 
consumer spending, and increase public debt in situation of 
crisis management (Goolsbee and Syverson 2021; Coccia 
2013, 2017b, 2021e; Coccia and Rolfo 2020). In fact, 
strict policies of containment and contradictory scientific 
recommendations for COVID-19 pandemic have created 
confusion in many countries because a lot of initial claims 
are subsequently proved to be false or misleading (Ball 2021; 
Kufel et al. 2022).

In general, the containment of COVID-19 pandemic 
crisis depends not only on the strictness of health policies 
but also how these health policies are applied in society, 
such that delayed and poorly targeted regulatory measures 
can reduce the appropriateness also of the most reasonable 

Fig. 2  Comparative analysis of 
health and economic indicators 
between countries with a high 
and low strictness in restrictions 
to cope with COVID-19 pan-
demic crisis (cf., Table 2 for 
significance of differences)
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policies of crisis management, generating negative effects 
on social and economic activities (Coccia 2021c). In fact, 
in contexts of environmental threath, many countries have 
showed to have a low preparedness of crisis management, 
applying strict health policies of containment with the hope 
to reduce the negative impact of COVID-19 pandemic cri-
sis. Results here suggest that a strategy of strict contain-
ment policy is ineffective to cope with COVID-19 impact, 
based on a mutant viral agent, and generates poor effects 
of reduction of infections and deaths, and additionally, it 
damages socioeconomic system (Coccia 2021c, 2022d; 
Chirumbolo et al. 2022; Gupta et al. 2022).

Conclusions and public policy implications

In the presence of a global pandemic crisis, one of the goals 
of nations is to mitigate infections and mortality and sup-
port economic growth with appropriate public policies (cf., 
Coccia 2021c, 2022c).

What this study reveals is:

• Uncertain effects of strict policy responses in curbing high 
numbers of infections and deaths related to COVID-19

• that high restrictions and compulsory measures seem to 
be ineffective to mitigate high numbers of infections and 
deaths, though a high share of vaccinations

• that strict restriction policy may generate substantial eco-
nomic and social costs and may not be a useful response 
in containing the spread of COVID-19 pandemic driven 
by circulation of mutant viral agents in society

• that Peltzman theory and other socioeconomic and envi-
ronmental factors can explain a high pandemic impact of 
mutant viral agents also in the presence of high strictness 
of public policies and a high share of vaccination based 
on compulsory mandates

• that the preparedness of crisis management in coun-
tries to cope with  pandemic impacts tends to be poor 
but it can be improved with a good governance and 
an  increased access to new technology (cf., Coccia 
2019b, 2022g; Ardito et al. 2021)

Chirumbolo et al. (2022) argue that the scientific com-
munity should support institutions and policymakers to 
improve best practices of crisis management to face next 
pandemics. In fact, Benati and Coccia (2022) suggest the 
positive effects of a good governance in supporting the 
prompt implementation of health policy responses to cope 
with pandemic impact, which may mitigate fatality rates. 
Moreover, an exploratory research based on a small sam-
ple of countries shows in Fig. 3 that countries with a high 
average number of medical ventilators per 100,000 people, 
they have a low average fatality rate (1.46%), though a lower 
percent share of people fully vaccinated against COVID-19, 
compared to countries with a low technological equipment 
of medical ventilators. Mahmoudi and Xiong (2022) point 
out that lower COVID-19 mortality rates are linked with an 
increased access to medical ventilators and intensive care 
units. Meiry et al. (2022) maintain that the development 
of medical ventilators to cope with emergency of COVID-
19 pandemic, based on a functional rather than a commer-
cial-oriented approach, can support innovations that reduce 
deaths and a negative pandemic impact in socioeconomic 
systems (cf. also Coccia and Finardi 2013; Coccia and Bel-
litto 2018; Coccia 2003; Coccia and Rolfo 2000).

To conclude, the results of this analysis here seem to be that 
strict health policies (based on many restrictions and obligations 
of longer duration) do not reduce negative effects of COVID-19 
pandemic in society in terms of lower levels of infections and 
deaths and, additionally, tend to deteriorate social and economic 
systems. These conclusions are of course tentative. There is 
need for much more research in these topics because not all 

Fig. 3  Comparative analy-
sis between countries with a 
high and low level of medical 
ventilators per 100,000 people: 
fatality rate is considered on 
31 December 2020, before the 
COVID-19 vaccination to show 
the real technological effect of 
medical ventilators on health 
system, when this technology 
was the only approach to treat-
ing this new infectious disease 
because effective drugs lacked
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confounding factors that affect the policy responses against 
COVID-19 are considered in this complex inquiry. Results here 
have also to be reinforced with  additional statistical analyses 
based on a large sample of countries.

Overall, therefore, these findings suggest an alternative 
public health policy of crisis management (cf., Coccia 2018b; 
2021e) to face next pandemic crisis, namely: an effective 
strategy is based on little restrictions, a better communica-
tion, and especially a good governance with high levels of 
investments in health infrastructures and in modern technol-
ogy of medical ventilators that can really cope with negative 
effects of future pandemic threats of new viral agents, when 
effective drugs lack.
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