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Abstract

Background: The first half of 2020 has been marked as the era of COVID-19 pandemic which affected the world
globally in almost every aspect of the daily life from societal to economical. To prevent the spread of COVID-19,
countries have implemented diverse policies regarding Non-Pharmaceutical Intervention (NPI) measures. This is
because in the first stage countries had limited knowledge about the virus and its contagiousness. Also, there was
no effective medication or vaccines. This paper studies the effectiveness of the implemented policies and measures
against the deaths attributed to the virus between January and May 2020.

Methods: Data from the European Centre for Disease Prevention and Control regarding the identified cases and
deaths of COVID-19 from 48 countries have been used. Additionally, data concerning the NPI measures related
policies implemented by the 48 countries and the capacity of their health care systems was collected manually
from their national gazettes and official institutes. Data mining, time series analysis, pattern detection, machine
learning, clustering methods and visual analytics techniques have been applied to analyze the collected data and
discover possible relationships between the implemented NPIs and COVID-19 spread and mortality. Further, we
recorded and analyzed the responses of the countries against COVID-19 pandemic, mainly in urban areas which are
over-populated and accordingly COVID-19 has the potential to spread easier among humans.

Results: The data mining and clustering analysis of the collected data showed that the implementation of the NPI
measures before the first death case seems to be very effective in controlling the spread of the disease. In other
words, delaying the implementation of the NPI measures to after the first death case has practically little effect on
limiting the spread of the disease. The success of implementing the NPI measures further depends on the way
each government monitored their application. Countries with stricter policing of the measures seems to be more
effective in controlling the transmission of the disease.

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: alhajj@ucalgary.ca
1Department of Computer Science, University of Calgary, Calgary, Alberta,
Canada
3Department of Health Informatics, University of Southern Denmark, Odense,
Denmark
Full list of author information is available at the end of the article

Xylogiannopoulos et al. BMC Public Health         (2021) 21:1607 
https://doi.org/10.1186/s12889-021-11251-4

http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-021-11251-4&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:alhajj@ucalgary.ca


Conclusions: The conducted comparative data mining study provides insights regarding the correlation between
the early implementation of the NPI measures and controlling COVID-19 contagiousness and mortality. We reported
a number of useful observations that could be very helpful to the decision makers or epidemiologists regarding the
rapid implementation and monitoring of the NPI measures in case of a future wave of COVID-19 or to deal with
other unknown infectious pandemics. Regardless, after the first wave of COVID-19, most countries have decided to
lift the restrictions and return to normal. This has resulted in a severe second wave in some countries, a situation
which requires re-evaluating the whole process and inspiring lessons for the future.
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Background
Historically, the humanity has faced a number of global
disasters, epidemic and pandemics. These include the
two world wars, the American civil war, the Spanish epi-
demic, influenza pandemics [1], and most recently SARS,
MARS, N1H1 pandemics, among many others. However,
COVID-19 may be described as the pandemic which has
spread by far the most to the extent that it is almost im-
possible to locate a region on earth not affected by the
virus. It swiftly enforced global and local economic re-
cessions and global horror with uncertain future. More
dangerous is that the virus has not yet been precisely
linked to any season or region; its center and main con-
centration has been rapidly moving with some South
American countries, India and Russia recently identified
as new major hot spots. All declarations and explana-
tions related to the pandemic seem to be nothing be-
yond speculations based on partial discoveries and
predictions. Officials, experts and even normal people
continue to debate whether the virus is natural or manu-
factured, whether it vanishes in the summer due to hot
weather, whether there will be other waves in the winter
and beyond, etc.

Related work
It did not take the research community long to realize
the need to get involved in the global effort to under-
stand the new novel virus COVID-19. Researchers con-
tributed from different perspectives to address various
aspects related to COVID-19, including genetic, pharma-
cological, spreading power, health and economic effect, a
model to study its lifetime, and the success of various
countries in their fight against the virus. For instance,
He et al. [2] conducted a comparative analysis of the
transmission patterns of COVID-19 in China, South
Korea, Italy and Iran. Kouba [3] developed a dashboard
for comparative data analytics to study various aspects
of COVID-19 spreading as compared to other viruses
which affected humans in the previous decades.
Yu et al. [4] investigated how clinical decision and

policy making can highly benefit from systematic re-
views (SRs) which have been conducted on the
COVID-19 outbreak and its predecessors. Fong et al.

[5] investigated observational and simulation studies
covering the effectiveness of multiple mitigation mea-
sures introduced by governments worldwide. Cirrin-
cione et al. [6] tried to develop a vision to prevent
the spread of COVID-19. For this, they considered
the measures introduced by various countries. Indeed,
social distancing has been addressed by various re-
search groups as an effective measure to deal with
different types of viruses, e.g., [5, 7, 8]. Other re-
search groups addressed the containment issue of the
influenza pandemics, e.g., [9, 10], which may be con-
sidered as having some common symptoms and the
spreading power with COVID-19, though to a limited
extent. Castorina, Iorio and Lanteri [11] applied some
statistical models of curve fitting to study the effect-
iveness of containment on the spread of COVID-19.
They traced their fitted curves by considering the
daily announced numbers. Lai et al. [12] investigated
the effectiveness of the reproduction of COVID-19.

Grassly and Fraser [13] described mathematical
models of infection disease transmission. Herzog, Blaizot
and Hens [14] conducted a systematic review of math-
ematical models which could guide study design or sur-
veillance systems in infection diseases. Li et al. [15]
covered the early transmission dynamics of COVID-19
in Wuhan. Jung et al. [16] handled the risk of death from
COVID-19 with a real time estimation based on infer-
ence from exported cases. Shereen et al. [17] studied the
characteristics of COVID-19 by highlighting its origin
and spread potential. Riou and Althaus [18] discussed
the early human to human transmission pattern of
COVID-19.
Linto et al. [19] conducted a statistical analysis of pub-

licly available event-date data to study the incubation
period and other time intervals that govern the epi-
demiological dynamics of COVID-19. Li et al. [15] stud-
ied the early transmission dynamics of COVID-19 in
Wuhan. The transmission of COVID-19 in Wuhan was
also investigated by Nishiura et al. [20]. Hua and Shaw
[21] reported that there was an initial delay in response
to the need to properly dealing with COVID-19. For this,
they studied the effect of the various measures intro-
duced by the Chinese officials to combat the COVID-19
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virus. They based their study on local newspapers, so-
cial media and data captured from other digital plat-
forms. Lin et al. [22] developed a model which was
inspired from the 1918 influenza pandemic in
London, United Kingdom by considering the common
factors applicable to COVID-19, including NPI’s. They
applied their model to study the virus outbreak in
Wuhan. The same authors reported other research ef-
fort where their work is data driven which also tried
to estimate the unreported number of COVID-19 in
China at early stage [23, 24].
Arianna and Giudici [25] utilized a Poisson autore-

gressive model to understand COVID-19 Contagion
Dynamics. Barro, Ursúa, and Weng [26] investigated
how it is possible to benefit from the measures taken
against the Spanish Flu in fighting COVID-19. Markel
et al. [27] described the NPIs applied by various US
cities during the 1918–1919 influenza pandemic. Yang
and Zeng [28] utilized a modified SEIR model and es-
timated the trend of COVID-19 in China. Tuite and
Fisman [29] reported on various aspects of COVID-
19, including its growth and reproduction numbers.
Anderson et al. [30] investigated the effect of the in-
troduced measures on the spread or containment of
the virus. Saunders-Hastings, Reisman and Krewski
[31] studied the benefit of early intervention on the
containment of pandemic influenza transmission.
To sum up, the outbreak of COVID-19 has

attracted world-wide attention from all sectors of the
community from officials to the general public. Re-
searchers have been heavily involved in efforts to ad-
dress various aspects associated with the virus from
genetics to statistics. However, we are not aware of
any comprehensive study which has covered the ana-
lysis of COVID-19 associated data in the details and
the scope to the level addressed in this paper. Indeed,
one of the main targets of this study is to have a sin-
gle unique and comprehensive reference which will
enlighten, and guide all stakeholders involved in un-
derstanding the effectiveness of the announced diverse
NPI measures and steps implemented by different
countries to deal with COVID-19.

Problem definition
The COVID-19 pandemic took by surprise both sci-
entists and politicians since SARS-Cov-2 was a new
virus with unprecedent contamination rate not match-
ing other viruses of the same family. As a result, epi-
demiologists and decision-makers were not initially in
a position to identify which measures should be taken
and when in order to protect the general population
of their countries and, consequently, control the
spread of the virus. Several countries followed differ-
ent containment strategies. Indeed, there is a lot of

public discussion regarding the most appropriate
strategy to limit the number of deaths caused by the
virus while minimizing the economic cost.
World Health Organization (WHO) announced

SARS-Cov-2 as a pandemic on March 11, 2020. Moti-
vated by the different Non-Pharmaceutical Interven-
tion (NPI) policies, adopted by various countries and
the respective time of their application, in this paper
we attempt to compare them based on several param-
eters, such as confirmed cases, deaths, population
density, etc. to discover possible associations. To
achieve this, a number of issues related to the data
have to be addressed beforehand. First, there is a
plethora of data sources, both governmental and insti-
tutional, providing daily updates on the pandemic
facts (cases and deaths) related to the virus world-
wide. Because of the different adopted reporting strat-
egies --something that makes the validation of the
data challenging-- we had to select an official and re-
liable main source such as the European Centre for
Disease Prevention and Control [32]. Additionally, we
have used national institutional and governmental
sources to cross-validate, clean, and prepare the data-
set in the most reliable way possible. Second, the col-
lection of NPIs policies had to be manually collected,
checked, and translated, because to the best of our
knowledge there is no single source that could pro-
vide such information reliably. The specific dataset
was prepared by acquiring the data from the official
governmental gazettes and national health system an-
nouncements regarding the applied NPIs.
Our main hypothesis is that NPIs can significantly

control the spread of an infectious disease. Our objective
is to compare the effectiveness of NPI measures in rela-
tion to the contagiousness and mortality of COVID-19
since it is not clear which measures may or may not be
affective. Using data mining and machine learning ap-
proaches, for the time series corresponding to the con-
firmed cases and deaths and the corresponding NPIs, we
expect to discover possible relations between disease
spread and mortality trends and NPIs. Furthermore, we
attempt to use a novel research approach which depends
on geographical and social attributes for each country.
More precisely, we used urban population density to ex-
plore whether the confirmed cases and deaths are also
related to the NPI measures taken to control the spread
of the disease.
To sum up, we attempt to validate our hypothesis by

addressing the following research questions with regards
to the effectiveness of the NPI measures against the
spread of COVID-19:

� Which countries share similar trend of confirmed
cases and deaths?
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� Is there any correlation between the NPI measures
and the evolution of the confirmed cases and deaths
in the investigated countries?

� If yes, what were the NPI measures which
influenced mostly the evolution of the confirmed
cases and deaths in countries that have the same
trend?

� Is there any indication that a specific NPI measure is
more effective than the other measures?

� What positive and negative lessons could be learned
from the experience of the various countries
regarding the implementation of the NPIs and how
these lessons can help in better shaping the action
plans for more effective prevention or containment
of future outbreaks?

By answering all these questions, our study will con-
tribute to a better understanding of the implications of
NPIs in the contagiousness and mortality of the virus.
Furthermore, we will systematically collect data related
to NPIs and provide significant and detailed source ref-
erences that the scientific community could easily access
for further study. The novelty of this approach can be
articulated as follows: by applying data mining and clus-
tering analysis methods, which can be agnostic to the
underlying raw data and unbiased in contrast to early
epidemiological studies, we can observe the impact of
enforcing the NPI measurements at the very early stages
of the pandemic.

Methods
Our research study follows the standard phases of the
data mining and analytics process. The first phase con-
sists of defining and categorizing the data to be used in
the analysis. The second phase comprises data gathering
and acquisition from reliable sources. The collected
datasets require to be cleaned and prepared for the next
phase which is data analytics. In this phase, we apply dif-
ferent techniques from data mining, time series analysis,
pattern detection, machine learning, data clustering, etc.
Then, we visualize the findings in the most appropriate
way to illustrate any possible information of interest for
acquiring useful knowledge. Lastly, based on the results,
we discuss the questions stated in the previous section
and figure out how they could be addressed effectively.
More specifically, our work starts by exploring the po-
tential NPI measures proposed by various Health Orga-
nizations, including the World Health Organization
(WHO), the European Centre for Disease Prevention
and Control (ECDC), the US Center for Disease Control
and Prevention (CDC), etc. We have selected and cate-
gorized the considered NPI measures under specific cat-
egories which can be easily monitored and analyzed later
in the study.

Due to the lack of a single source of NPIs records, data
related to the specific policies had to be manually col-
lected from the official governmental gazettes and the
national health system announcements regarding the
NPIs applied in each country. Additionally, different
sources of data reporting SARS-CoV-2 confirmed in-
fected and death cases were examined, and then it was
decided to use only official and reliable sources, such as
ECDC and governmental institutions, to collect the pre-
defined data. Consequently, we performed pre-
processing to clean, normalize, transform, and prepare
the data for the analysis phase. In this phase, advanced
data mining techniques have been used to analyze the
time series of the confirmed infected and death cases.
The process involves using multivariate data structures
(LERP-RSA) that allow the ARPaD algorithm [33–35] to
detect common patterns in the aforementioned series,
feeding them to the GPSC algorithm [36] to detect com-
monalities between the series, which are clustered using
the DBSCAN algorithm [37]. To provide a more com-
prehensive view of the findings, the final results have
been visualized using a variety of alternatives, including
tables, plots, diagrams and novel bubble plots.

Non-pharmaceutical intervention measures
As the transmission of the COVID-19 virus culminated
among travelers from China and progressively to other
countries, WHO created several guidelines to support
governments to plan and manage the pandemic [38].
Other organizations, such as ECDC and CDC created a
number of guidelines for different settings, including
educational institutions, workplaces, communities, etc.
based on the experience drawn from similar pandemics,
e.g., influenza and ebola [32, 39]. The guidelines thor-
oughly present the different scenarios based on the state
of transmission of the virus and the suggested measures
for the health systems, high-vulnerability settings, work-
places, and the general community.
In this paper, our focus is on the public health and so-

cial measures (PHSM) suggested by WHO [40, 41], the
public health measures mentioned by ECDC [42] or
NPIs specified by CDC [5], and how these measures
have impacted the transmission and the mortality of
COVID-19 in a number of countries.
Based on the toolbox prepared by ECDC, the main

tools that governments can use, fell under the following
categories:

� Travel measures that aim to limit the transmission
of the virus from external sources.

� Personal protective measures aiming at restricting
the possibility of virus contamination for persons
who operate in a high-risk environment.
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� Social distancing measures to eliminate the mobility
of contaminated people and the transmission of the
virus to the general population.

� Antiviral medicine when available.
� Vaccines when available.

Since at the time of the specific study, there was no
known effective antiviral or vaccine, the study has
been limited to the three other public health mea-
sures, namely, travel, personal and social distancing
measures that were implemented by various govern-
ments in order to face the COVID-19 pandemic. As
per WHO statement, such measures are not yet
assessed in terms of the social and economic impact.
Thus, WHO proposes for the governments to care-
fully “balance the benefits and potential harms” of the
specific measures to mitigate the transmission of
COVID-19 [40]. The proposed measures with a cost-
effectiveness analysis are listed in Table 1.

Travel measures
For highly contagious viruses, traveling acts as the main
gate to rapidly spreading worldwide, and thus govern-
ments should closely monitor the situation in other
countries or areas, especially in the early stages of a po-
tential epidemy. Travel monitoring does not necessarily
mean immediately imposing strict measures, such as

border closure or passengers’ scrutinizing. Instead, the
process may start issuing travel advice or warnings
against traveling, by targeting a specific destination, a
specific continent, or worldwide.
Entry screening is a less disturbing and intruding

measure for a traveler. It is considered appropriate for
early stages of an epidemy. This can be applied to the
major entries of a country, including airports, seaports,
and land border stations, to screen incoming travelers
for symptoms related to the potential contagious disease.
Traveling measures can be elevated to travel bans, for-
bidding the local population to travel abroad, and border
closure that will prevent any incoming contaminated
traffic of persons into the country. Travel measures can
also be applied at a territory level. This means some
high-risk areas can be isolated from the rest of the
world, or some healthy areas can be shielded against
travelers coming from territories with high contamin-
ation rates of the virus. Other forms of implementing
travel measures are possible based on need and cover-
age. The ultimate goal is to isolate a given region as part
of the effort to prevent the spread of a transmittal
disease.

Personal protective measures
Personal protective measures can be distinguished as
measures related to various aspects of the daily life. One

Table 1 Measures with their associated cost and effectiveness (adopted from [42])

Category Measure Effectiveness Direct cost Secondary effect

Travel measures Travel advice Minimal Small Large

Entry screening Minimal Large Moderate

Border closure Minimal unless
rapid

Massive Massive

Personal protective measures Regular hand-washing Self-evident Moderate None

Respiratory hygiene Self-evident Small Small

General mask-wearing No evidence Massive Small

Mask-wearing in healthcare settings Unknown Moderate Small

Mask-wearing in other high-risk situations Unknown Moderate Small

Mask-wearing by people with respiratory
symptoms

Unknown Moderate Perverse effects

Voluntary isolation of cases not requiring
hospitalization

Self-evident Moderate Moderate

Voluntary quarantine of household contacts Self-evident Massive Massive

Social distancing measures Internal travel restrictions Minor delaying
effect

Major Massive

Educational measures Reactive school and day care closures Positive effects Moderate Massive

Proactive school and day care closures Positive effects Moderate Massive

Workplace and public place
measures

Reactive workplace closures No evidence Massive Major

Home working No evidence Variable to
moderate

Variable to
moderate

Cancelling public gathering, events Positive effects Major Major
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important measure under this category is personal hy-
giene, such as regular hand-washing and proper disposal
of potentially infected materials, e.g., tissues, cutlery, etc.
Mask-wearing in various settings is essential, depending
on the risk and personal isolation, when there is a poten-
tial to be exposed to a crowd which brings up a risk that
some persons have been exposed to the virus. Similarly,
as in travel measures, personal protective measures can
be escalated, e.g., for the general population or for a spe-
cific group of high-risk individuals.

Social distancing measures
Social distancing measures usually refer to the increase
in physical distancing between people to avoid transmis-
sion from one individual to another. There is a large
number of measures that fall under this specific cat-
egory. However, their effectiveness is debatable and must
be examined individually [42]. Social distancing has been
studied in closed environments, such as schools and
workplaces. Based on the findings, it seems that social
distancing reduces the possibility of virus transmission
[8]. Social distancing is usually combined with other
measures, such as restrictions in public gatherings or or-
ganized events.

Educational measures
Another important set of measures in the attempt to
contain a highly contagious disease is related to schools
(educational institutions) closure. This is important be-
cause a school is a spot of large gatherings. Social distan-
cing is hard to respect inside and outside a classroom.
Indeed, students are not in a position to always pay at-
tention to personal hygiene measures or social distan-
cing. In this sense, closing schools will prevent the virus
from contaminating to other families and associated
communities, and thus will limit its activity. This set of
measures can also be expanded to other forms of educa-
tional institutions, including universities or day-care
schools. In this case, university closure can also be con-
sidered as an important mean of imposing the social dis-
tancing measure [5], since all academic stakeholders
remain isolated during the closure.

Workplace and public place measures
This category of measures includes not only the closure
of workplaces, but it is also combined with home work-
ing, teleconferencing, closure of shops and malls, i.e.,
general places where a lot of people may gather. Trans-
portation systems, places of worship, cultural places and
sport arenas are covered by this specific category of
measures. These measures are usually combined with
personal hygiene measures, such as frequent cleaning
and sanitizing of work benches, special configuration of
air-filtering systems, etc. [6].

Categorization of the selected NPIs
From the beginning of January 2020, when the COVID-
19 virus started to spread in China, several countries
closely monitored its evolution and impact. Several gov-
ernments resorted to their national crisis management
units and their epidemiologists to devise their strategy
against the new virus. Based on the available tools sug-
gested by WHO to handle a highly contagious disease,
different strategies were formulated globally. In this
paper, an attempt has been made to collect and compare
the different measures taken by a number of countries
as part of their effort to fight COVID-19. The measures
are then projected to the number of confirmed cases in
an attempt to analyze the effectiveness of the measures
based on hard facts.
As most of the countries tried to slow down the

spread of respiratory illnesses such as COVID-19 by
introducing measures that were available in the
WHO toolbox, a more granular data collection was
conducted using the five categories of Public Health
and Social Measures proposed by WHO and ECDC
[40–42].
More specifically, four different measures were re-

corded for the category of travel measures:

� Travel advice for China. This measure is very
important since China was the origin of the new
virus. It is interesting to figure out how early each
country took the specific measure, and how this
measure contributed to the evolution of infected and
death cases in countries that took this measure.

� Travel advice to avoid traveling abroad. This
measure is equally important since limiting traveling
to insecure areas with a lot of confirmed cases of
COVID-19 may hinder the contamination of the
local population.

� Border closure for passengers from and to all
destinations but excluding goods or medical supplies
transportation. This measure is stricter with several
consequences. It is interesting to investigate whether
this measure was adopted by various countries and
when.

� Suspension of visa services. In most cases, this
coincided with border closure. Thus, this was not
finally included in the study and was left out as
superfluous information.

As mentioned above, the second category of personal
hygiene measures includes measures that cannot be
closely monitored, such as wearing a mask, hand-
washing and proper disposal of tissues, etc. These are
generic recommendations that were made before the be-
ginning of the first cases in all countries. Thus, these
measures were not included in the study. In this
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category, the following measure adopted by several
countries was monitored:

� Personal isolation of a potential virus carrier. This is
a measure that was announced by several countries
and was monitored as a 14-day quarantine of all in-
coming travelers.

The third category of measures, namely social distan-
cing is too generic, especially when it pertains to phys-
ical distancing, and thus the specific measure cannot be
recorded or imposed by the governments. However,
other measures that aimed at applying social distancing
were recorded. These include:

� Bars and restaurants closure. The specific measure
hinders people from socializing in a restaurant or
bar, and thus tries to impose keeping distance.

� Regulations on citizens’ movements. In this case,
citizens had to stay at home isolated, or in some
cases they were allowed to leave their houses for
extraordinary circumstances, e.g., to visit grocery
stores for shopping, to visit doctors for emergency
medical cases, necessary personal training, etc.

� Complete lockdown of a country. A strict measure
that aims at limiting the social interaction of
citizens, and thus protects the general population
from contaminating by the virus, especially when
the virus is already active in a country. It is very
interesting to explore when it is the appropriate
time to take such a measure, and what is its effect
on the evolution of the virus spreading.

The fourth category of toolset contains measures ori-
ented towards educational institutions, and thus the fol-
lowing was recorded:

� Schools and Universities closure. As most of the
countries took this measure, it is interesting to
explore at what stage of the pandemic governments
decide to close schools and universities.

The fifth category of measures is related to restric-
tions to the workplaces and public places. Among
other measures, homeworking is proposed from
WHO. However, it was not easy to study this meas-
ure because there are several different jobs in which
homeworking is not possible. Thus, the following
measures were recorded related to public and private
workplaces:

� Closure of entertainment and cultural places. This
includes the closure of theaters, cultural centers,
cinemas, museums, etc.

� Sporting facilities closure. This refers to the closure
of gyms, parks, swimming pools, ski resorts, wellness
centers, etc.

� Sport events suspension. Events such as football
games, basketball games, tennis, etc. in several
countries were canceled or suspended.

� Religious services suspension. This aims at restricting
people from participating in religious events,
including masses, funerals, and other ceremonies.

� Cancelation of events with more than 5000, 1000,
500, 100 and 10 persons. Several countries applied
social distancing measures in public places by
forbidding gatherings of sizes deemed risky.

Data collection and preprocessing
Appropriate data are required to effectively tackle the
aforementioned research questions. A variety of sources
were investigated to collect the most precise data that
will lead to more accurate results. Despite the fact that
most countries usually follow a specific protocol to re-
port confirmed infected and death cases, yet, the avail-
able data suffers from severe discrepancies, regardless
the source used by the specific organization (WHO [43],
CDC [44], ECDC [45], etc.). Independent institutions,
such as Johns Hopkins University [46], worldometers.
info [47], ourworldindata.org [48] have also collected
data from various sources. However, even in these cases,
same date data differ not only among these sources, but
also compared to the official data reported to WHO. In
many cases, several countries across Europe and World-
wide misreported or failed to follow the standard report-
ing protocol leading to inconsistencies. For example, UK
reported deaths only from hospitalized cases; deaths
from retirement homes were not reported at the begin-
ning [49]. In other situations, such as Italy or Spain, the
healthcare system was overwhelmed, and confirmed in-
fected and death cases were reported days after they
occurred. In other occasions, data monitoring organiza-
tions revised the pre-recorded values and changed them
to match the actual numbers reported later by the offi-
cials [50]. As a result, the official data reported by the
world organizations showed in some occasions zero or
even negative numbers as infected or death cases in
order to align the aggregated totals. This happened with
the data published by ECDC about the geographic distri-
bution of COVID-19 cases worldwide where the con-
firmed cases of Spain on 19/4/2020 were initially
reported as � 713 cases, and the confirmed cases of
Lithuania on 29/4/2020 were initially reported as � 105
cases [45].
Unfortunately, these inconsistencies in the data re-

cording lead to highly noisy data. To overcome this
problem, the time series collected for various countries
were filtered using the Butterworth filter [51]. The
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filtering produced smooth time series that better repre-
sent the underlying actual data by applying any possible
functionality, such as low-pass, high-pass, etc. This is
depicted in the appendices where the actual data is pre-
sented with red dotted lines, while the filtered data is
presented with blue continuous lines, and the cumula-
tive time series are presented with gray bars. In the
green description at the upper left side of each subplot,
we can see the country code and the date of the first in-
cident (infected or death). At the upper right side, we
can see the cumulative incidents (infected or death) pro-
jected as a ratio per 1 million inhabitants or 1000 km2 of
urban land area, and the cardinality of the time series
appears under that. Additionally, there are other factors
that increased noise in the dataset, like the detection of
several cases on a ship and several asymptomatic carriers
in a refugee camp in Greece [52, 53], the use of more re-
liable tests, etc.
Another important step in data preparation is to

determine the size of the two time series categories
(confirmed and death cases). Because confirmed cases
are longer than death cases time series, for our ana-
lysis we have used two phases of data collection. The
first one has a cut-off date of May 18th and the sec-
ond has a cut-off date of May 29th. The reason for
this double phase data collection was to have: (1)
enough data to perform the time series and NPIs ana-
lysis, and (2) additional data that would allow us to
properly align the confirmed and deaths cases time
series for visualization purposes based on NPIs Mea-
sures Comparison Section for countries which have
their time series shorter than the standard cut-off
date of May 18th. For the confirmed cases time
series, we have used a 70-days interval, while for the
death cases time series we have used a 56-days inter-
val based on the first cut-off date. For countries
which have their time series shorter than 70 data
points at the first cut-off date, the second cut-off date
has been used to expand the time series and make
their diagrams comparable in terms of the number of
data points.
Moreover, because of the aforementioned data incon-

sistencies, we had to find a way to determine the date of
the first case in each country to be able to align the time
series as much as possible for clustering purposes. For
this reason, we have chosen as the first confirmed case
date, the first day of seven continuous days in which
there was at most 1 day out of the seven without a con-
firmed case. On the other hand, other researchers used
as first day of counting, the day that the 100th confirmed
case occurred. This was necessary especially for coun-
tries where there were sporadic cases at the beginning of
the pandemic, e.g., Belgium, mainly because of visitors
or tourists who travelled back from China. They were

isolated very early, but they weren’t considered as they
didn’t contribute to the general population infection,
which started to happen several days later [54]. How-
ever, such an assumption may not be precise because it
was found later that the actual symptoms of COVID-19
may appear within 14 days from the infection. For those
countries, all incidents reported before the first date, as
defined above, were summed up and appear before the
first confirmed case day, leading to a confirmed cases
time series with an overall length of 71 days. Another
reason that led us to select the specific time interval
could be justified by the need to select as many coun-
tries as possible without having very short time series
since some countries started reporting the cases very
late, e.g., Russia and Brazil.
As shown in Fig. 1 which presents the time interval

between the first (actual) confirmed infected and death
cases, there should be several cases of probable misre-
porting. For example, Iran reported the first confirmed
infected and death cases in the same day, having a zero-
time interval between confirmed cases and deaths. On
the other hand, Singapore has a time interval of 58 days
because of incoming tourists’ who were timely screened
and isolated. Additionally, Fig. 1 reports the existence of
two main groups of countries with time intervals of
around 13 days between the first confirmed case and the
first death case. This coincides with the estimated time
between symptoms to death according to WHO [16].
Another group of countries reported the first death case
around 26 days after the first confirmed infected case. Fi-
nally, all values for the confirmed infected and death
cases were projected either per one million of population
or 1000 km2 of urban land area to be comparable among
different countries.
A range of different sources were examined to collect

the measures and their corresponding application dates.
The sources were identified manually, and the data were
collected by only one of the researchers to apply a com-
mon rationale for all the countries regarding the type of
applied measures and the corresponding dates. The
travel measures were mainly collected from the official
pages of the Ministry of Foreign Affairs in each country,
while the rest of the measures were collected either
using the official gazette of each government which was
automatically translated to English, or by the official
sites of the authorities designated to handle the health
crisis in each country. This was possible because most
countries have created a website dedicated to COVID-
19; the website includes information for the public re-
garding the infected cases, the death cases, and the mea-
sures. If none of the above-mentioned official websites
noted the timeline of the measures or lacked informa-
tion regarding a specific taken measure, a broader search
was carried out and the proper information was
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extracted either from news reports or from other web-
sites that cumulatively reported such measures, e.g., by
UNESCO.
Here, it is important to note a discrepancy which may

occur in the data. This is related to the difference be-
tween the date when the measures were announced by
some countries and the actual date when the measures
were implemented. In some cases, it was not clear when
the measures were exactly applied since for example, a
spokesperson of a government may have announced the
measures on a specific date, but the actual implementa-
tion might have started some days after the official an-
nouncement. When the dates were not mentioned in the
official decrees of the governments, the dates reported
by the news sites were used. Table 2 summarizes the
sources used for each of the countries considered in this
study.
The aforementioned measures have been collected for

the period between middle of March 2020 and end of
May 2020, going retrospectively from January 1st to the
18th of May 2020. The rationale behind the selection of
the countries was initially to record how different coun-
tries in the European Union had reacted to the pan-
demic and whether the European Commission managed
to coordinate the different governments to react to the
pandemic in a similar and effective way. However, later
the study was expanded to other countries that had ei-
ther adopted a different strategy to handle the pandemic
or where the confirmed cases and deaths were going out
of control. Progressively, other countries with special
characteristics, i.e., isolated, or islandic countries such as
New Zealand, Australia, Iceland, etc. were covered in the

study. As a result, a selection of 48 countries was studied
(Table 3).
Two major groupings have been created for the

analysis of the confirmed infected and death cases.
The first grouping covers the ratio of confirmed and
death cases per 1 million population. When we need
to compare countries, this is much more reliable than
using the absolute numbers since it is crucial to
check the impact that the infection has on the gen-
eral population using a standardized metric. For ex-
ample, USA has approximately 10 times more deaths
than Belgium, 89,562 and 9052 (May 18th 2020), re-
spectively, yet, USA has approximately 33 times larger
population, 327.2 million in USA compared to 11.4
million in Belgium. Therefore, the ratio of deaths per
one million of population is practically 3 times more
for Belgium compared to USA, 792.7 and 273.75 re-
spectively. This shows that for the period considered
in this study the pandemic has a much heavier im-
pact in Belgium compared to USA.
The second grouping is based on population density

per 1000 km2. This is important to be able to compare
countries that have approximately the same population
but with considerably different distribution. For ex-
ample, Germany has significantly larger number of cases
compared to France, 174,697 and 142,411 respectively.
However, France has slightly more cases per 1 million
compared to Germany, 2125.94 and 2106.61, respect-
ively. However, if we compare countries based on their
density, Germany has significantly higher cases ratio per
1000 km2 compared to France, 2800.79 and 1647.07,
respectively.

Fig. 1 Days Interval Histogram between First Case and Death
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Here, it is essential to mention that we have used an-
other density measure instead of the standard population
density as measured by many organizations such as
World Bank, OECD etc. More precisely, population
density per urban land area has been used because urban
areas are form the focus for implementing the NPIs
measures where population density is higher compared
to rural areas where the measures may not be imple-
mented at all due to the sparse distribution of the popu-
lation or may have no effect on reducing infection rates.
However, such diversification significantly changes the
country rankings per population density. For example,
very large countries in area, but with small population,
such as Australia and Canada have standard density of
3.25 and 3.71 persons per square kilometer, respectively.
However, if we take into consideration only urban popu-
lation and urban land area, their density is 585.01 and
238.48, respectively; the same is true for many other

countries like Russia and Brazil. This happens because
according to World Bank data [55], Australia and
Canada have a ratio of urban population of 85.2 and
80.9%, respectively, while their urban land areas are 36,
745.70 and 126,511.16 km2, respectively in comparison
to 7,692,024 and 9984,670 total surface area, respect-
ively. Therefore, to calculate the density of the urban
land area, first the urban population is calculated based
on the total population and the urban population ratio,
then the urban population density is calculated based on
the urban land area. For countries where the urban land
area is missing [55] (Austria, Czech Republic, Hungary,
Slovakia, and Taiwan), we have made an approximate
calculation based on data available in [56]. More specif-
ically, the agricultural and forest land has been sub-
tracted from the total area, and the ratio between urban
and rural land has been calculated based on the urban
population ratio.

Table 2 Sources of measures data per country

Country Sources Country Sources

Australia AUS1, AUS2, AUS3, AUS4 Japan JPN1, JPN2, JPN3, JPN4

Austria AUT1, AUT2, AUT3 Latvia LVA1, LVA2, LVA3, LVA4, LVA5, LVA6

Belgium BEL1, BEL2 Lithuania LTU1, LTU2, LTU3, LTU4, LTU5, LTU6, LTU7

Brazil BRA1, BRA2 Luxembourg LUX1, LUX2, LUX3, LUX4, LUX5, LUX6, LUX7, LUX8, LUX9, LUX10, LUX11,
LUX12, LUX13, LUX14

Bulgaria BGR1, BGR2, BGR3, BGR4, BGR5,
BGR6

Malta MLT1, MLT2, MLT3, MLT4, MLT5, MLT6

Canada CAN1, CAN2, CAN3, CAN4 Netherlands NLD1, NLD2, NLD3, NLD4, NLD5, NLD6

China Not included New Zealand NZL1, NZL2, NZL3, NZL4

Croatia HRV1, HRV2, HRV3, HRV4 Norway NOR1, NOR2

Cyprus CYP1, CYP2, CYP3, CYP4 Poland POL1, POL2, POL3

Czechia CZE1, CZE2 Portugal PRT1, PRT2, PRT3, PRT4, PRT5, PRT6

Denmark DNK1, DNK2 Romania ROM1, ROM2, ROM3, ROM4

Egypt EGY1, EGY2, EGY3 Russia RUS1, RUS2, RUS3

Estonia EST1, EST2 Singapore SGP1, SGP2, SGP3

Finland FIN1, FIN2 Slovakia SVK1, SVK2, SVK3

France FRA1, FRA2, FRA3, FRA4, FRA5, FRA6 Slovenia SVL1, SVL2

Germany DEU1, DEU2, DEU3 South Africa ZAF1, ZAF2, ZAF3, ZAF4, ZAF5

Greece GRC1, GRC2, GRC3, GRC4, GRC5,
GRC6, GRC7

South Korea KOR1, KOR2, KOR3, KOR4

Hungary HUN1, HUN2, HUN3 Spain ESP1, ESP2, ESP3

Iceland ISL1, ISL2, ISL3 Sweden SWE1, SWE2

India IND1, IND2, IND3 Switzerland CHE1, CHE2, CHE3, CHE4, CHE5

Iran IRN1, IRN2 Taiwan TWN1, TWN2, TWN3, TWN4

Ireland IRL1, IRL2, IRL3, IRL4, IRL5, IRL6 Turkey TUR1, TUR2, TUR3

Israel ISR1, ISR2 United Kingdom GBR1, GBR2, GBR3

Italy ITA1, ITA2, ITA3 United States of
America

USA1, USA2, USA3, USA4

Global
sources

GLR1, GLR2, GLR3, GLR4, GLR5, GLR6, GLR7, GLR8
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Data mining, time series analysis and visualization
After cleaning and curating the gathered data, we con-
ducted data analytics to cluster the time series. Two
types of clustering have been performed. The first is
based on the time series of the infected cases (1 + 70
days) and the death cases (56 days). This type of cluster-
ing is important to identify the trends, how the infected
and death cases evolve per country, and how countries
may end up clustered together.
Clustering has been achieved using the General Pur-

pose Sequence Clustering (GPSC) Algorithm [36],
which is based on the Longest Expected Repeated
Pattern Reduced Suffix Array (LERP-RSA) data struc-
ture [33, 34] and the All Repeated Patterns Detection
(ARPaD) Algorithm [34, 35]. One advantage of the
GPSC algorithm is that it allows the clustering of a
very large number of time series, regardless of their
length. Furthermore, because of the unique attributes
of LERP-RSA and ARPaD, GPSC can cluster se-
quences while eliminating, as much as possible, data
points which could be identified as noise or outliers.
The second type of clustering is for confirmed cases

per 1 million population and per 1000 km2 urban
land area. This is important to directly compare the
impact of the infection on countries, and to identify
whether and how the implemented NPI measures af-
fected the number of cases. This type of clustering is
significantly easier than the first one and can be per-
formed using any standard clustering algorithm. For
our purpose, DBSCAN [37] has been used. This clus-
tering and the correlation with the implemented NPI
measures will be discussed in detail in the next
section.
The GPSC algorithm is a shape-based similarity clus-

tering algorithm. To work properly, the first step re-
quires standardizing the time series by Z-Scoring. This
transformation allows to reform each time series to a
new time series with mean zero and standard deviation
one, while maintaining the shape of the underlying time
series.
The next step is to discretize a time series of real num-

bers using a predefined alphabet which divides the time
series boundaries into classes. There are many ap-
proaches for determining the alphabet by considering

Table 3 Countries in the dataset

Country Code Continent Country Code Continent

Australia AUS OC Japan JPN AS

Austria AUT EU Latvia LVA EU

Belgium BEL EU Lithuania LTU EU

Brazil BRA AM Luxembourg LUX EU

Bulgaria BGR EU Malta MLT EU

Canada CAN AM Netherlands NLD EU

China CHN AS New Zealand NZL OC

Croatia HRV EU Norway NOR EU

Cyprus CYP EU Poland POL EU

Czechia CZE EU Portugal PRT EU

Denmark DNK EU Romania ROU EU

Egypt EGY AF Russia RUS AS

Estonia EST EU Singapore SGP AS

Finland FIN EU Slovakia SVK EU

France FRA EU Slovenia SVN EU

Germany DEU EU South Africa ZAF AF

Greece GRC EU South Korea KOR AS

Hungary HUN EU Spain ESP EU

Iceland ISL EU Sweden SWE EU

India IND AS Switzerland CHE EU

Iran IRN AS Taiwan TWN AS

Ireland IRL EU Turkey TUR AS

Israel ISR AS United Kingdom GBR EU

Italy ITA EU United States of America USA AM
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the distribution (e.g., same width or same frequency)
and size (e.g., Sturges’, Scotts’ or Freedman/Diaconis’
rules) [57, 58]. In our case, we have chosen the Sturges’
rule, which gives seven classes of the same width, and
accordingly an alphabet of size seven. Based on the con-
sidered alphabet, all the time series were discretized, and
a corresponding string representation was created for
each one.
The discretization process is important to create the

LERP-RSA data structure. More precisely, Multivariate
LERP-RSA has been used. It is a variation of LERP-
RSA that allows to create a single data structure for
all strings representing the discretized time series.
Then, the ARPaD algorithm is executed over the
LERP-RSA data structure. It has the unique ability
not only to detect all repeated patterns that exist in a
sequence, but as in our case, it also detects all re-
peated patterns that exist among different sequences
in a set of series. These patterns were filtered based
on the position where they occurred and, therefore,
presented patterns that exist at the same position in
different sequences. In our case these represent the
same time intervals between the time series. Al-
though, one could claim that it is similar to any
distance-based clustering algorithm, there are several
important differences. First, GPSC allows to cluster
all the time series at once by calculating the distance
without performing a one-to-one comparison between
the time series. A one-to-one comparison is practic-
ally impossible for large numbers of time series due
to the associated computational complexity. Further,
another attribute of GPSC, based on ARPaD, is that
it can match long patterns amid the whole set of time
series. For example, if we use single character sized
patterns as the comparison measure, the process be-
comes similar to the distance-based algorithms, i.e.,
comparing the distance between two data points of
two time series. However, GPSC can perform the
same with longer patterns of more than one character
and multiple time series. This is very important be-
cause it can eliminate noise by matching time series
based on long and continuous regions and, therefore,
it excludes any single data point similarities which
could occur because of the noisy data.
Finally, some rich and diverse visualization methods

have been used to provide a more comprehensive
view of the findings. More specifically, the following
forms have been used: (a) several types of tables to
depict discrete information, (b) boxplots to present
descriptive statistics, (c) maps to illustrate the cluster-
ing of countries, (d) line plots to present trends and
polynomial fittings, (e) sequence commonality matri-
ces representing countries commonalities on con-
firmed cases and deaths (f) heatmaps illustrating

measures taken per week and country, (g) two dimen-
sional distance plot of countries’ confirmed infected
and death cases, (h) bubble plots per major measure
grouped per country over time in relation to death
cases, and (i) combined bar-line plots for all countries
per confirmed infected and death cases.

Results
Time series curve clustering with GPSC algorithm
Using the GPSC algorithm, it is possible to set different
similarity percentages (scores) that reveal the closeness
similarity of the time series. The algorithm returns two
matrices. The first is a Sequence Commonality Grouping
(SCG) Matrix [Fig. 2(a), (c)] which shows only common-
alities between sequences that are equal to or above the
percentage threshold. The other Sequence Commonality
Matrix (SCM) [Fig. 2 (b), (d)] presents the full common-
alities among all selected sequences that passed the
threshold and appeared in SCG. By starting with a high
similarity percentage and lowering it step by step, we
can observe how various clusters are formed. For data
analytics and clustering purposes, we have used a simi-
larity percentage between 85 and 55% for confirmed
cases, and between 90 and 70% for death cases. To re-
duce the noise for low percentage rates, a longer pattern
threshold has been used, varying from 2 up to 4 letters
(Fig. 2).
Based on curve clustering, there are ten clusters as

shown in Fig. 3, where both the original and the stan-
dardized (Z-Scored) curves are plotted. Additionally, a
second-degree polynomial curve fitting has been per-
formed to show the general trend for each country.
Based on polynomial fitting, it can be observed that
there are clusters where the countries have practically
reduced the cases to zero; this is visible in the first three
clusters shown in Fig. 3 (a)-(c). Other clusters, such as
six and nine [Fig. 3 (f) and (i)] show countries which
have managed to stabilize the infected numbers and
started to reduce them. Finally, there are clusters like
eight and ten [Fig. 3 (h) and (j)] where the infections
continue to show a highly growing pace.
The clusters created based on the death cases time

series (Figs. 4 and 5) vary based on the cases (Figs. 2 and
3). This is due to the spread of the first confirmed-death
as described earlier. This skews the time series in some
cases and accordingly distributed countries into different
clusters. Again, we encountered clusters of countries
that have managed to practically eliminate deaths, e.g.,
cluster one shown in Fig. 5 (a). Cluster two shows coun-
tries which just managed to stabilize the number of
deaths, and potentially they will start to reduce them
[Fig. 5 (b)]. Finally, there is cluster four [Fig. 5 (d)] where
the increase in the number of deaths is significant; they
will need more time to stabilize the process.
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country (Fig. 23), however, it is interesting that
Iceland took all the other measures after Malta.

Cluster 4: Austria, France, Germany, Russia and United
States of America
The fourth cluster contains Austria, France, Germany,
Russia, and United States (Fig. 17). Three of the coun-
tries in this cluster have a unique feature. United States
is the largest in terms of population, while Russia has
the largest surface area, and Germany has the highest
population density per square kilometer (Table 6). The
first reported case in France, Germany and the United

States was in the last week of January 2020, in Russia on
the 1st of February, while in Austria the first case was
reported on the 26th of February 2020. The number of
cases per million persons is 1825.92, 2125.94, 2106.61,
1950.14 and 4544.33, respectively, with the United States
far more ahead compared to the rest at that point of
time. This can be attributed to the NPI measures they
enforced, or they did not take, or the number of tests
they did. All the other countries in this cluster have very
similar number of cases per million. Examining the
density of the population per square kilometer, Austria
has 525.07 persons, France has 623.24, Germany has the

Fig. 23 Measures first day aligned by the date of the first death in each country

Fig. 24 The trend of the cases from the day of the first reported case for the countries of the fourth cluster
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measures were taken relatively early in Austria, an ex-
planation of the increased number of cases per 1000 km2

could be linked to the fact that the period of the out-
break January–March is associated with a high holiday
season for skiing in the Alps and the common borders
with Northern Italy where the first most serious out-
break in Europe occurred. This can be illustrated by the
case of the ski resort Ischgl in Alps [75] where Norway
declared that 491 returning Norwegian travelers were in-
fected from the virus when they stay at Ischgl.

Cluster 5: Romania and Denmark
Denmark and Romania (Fig. 17) form the fifth cluster,
having 1175.56 and 1081.84, respectively, reported cases
per 1000 km2. Denmark is smaller than Romania, how-
ever, in terms of population density, Denmark has al-
most double density compared to Romania. Concerning
the urban population density, Romania has higher popu-
lation density per square kilometer (Table 6). The virus
hit both countries on 27 February 2020, and the first
death from the virus was reported on 16 March in
Denmark and on 23 March in Romania. After 70 days of
the first reported cases, both countries appear to have
controlled the disease and the curves have started turn-
ing down as shown in Fig. 26.
From the curves, it seems that both countries had

some fluctuations in the number of the cases. This

can be attributed to the way each country tested the
population, and thus both countries are comparable.
Comparing cases per million, Denmark appears to
have more cases, however, this may again be attrib-
uted to the number of tests each country did during
the specific period.
Concerning the NPI measures applied by both coun-

tries, we can see from Table 5 that both countries took
all the measures except for the restriction on movement
in Denmark. The measures in both countries were taken
after the second week, mainly after the first reported
case. It is noteworthy that all the measures were taken
in both countries before the first reported death case or
close to this date (Fig. 27). The slight larger number of
cases per 1000 km2 for Denmark can be attributed to
this measure even though Danish people as Nordic
people usually respect the personal space of others, and
thus the government of Denmark may have thought that
the specific measure is not necessary. However, since all
the other measures were the same and were taken al-
most during the same period after the first reported case
in both countries, it seems that the difference between
the cases per 1000 km2 (1175.56 in Denmark and
1081.84 in Romania) may have been caused by the deci-
sion of the Danish government not to apply any restric-
tion on the movement of the citizens. These cultural
aspects may be substituted by carefully imposing rules

Fig. 26 The trend of the cases from the day of the first reported case for the countries of the fifth cluster
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and respecting them. Some of the new centers of
COVID-19 may benefit from this experience.

Cluster 6: Czech Republic and Estonia
The sixth cluster includes just two countries: Czech Re-
public and Estonia (Fig. 17), with Czech Republic having
almost double the surface area of Estonia, but 8 times
more population. COVID-19 was firstly reported at the
end of February 2020 in Czech Republic and in early
March 2020 in Estonia (Table 6). The number of cases
per million in Czech Republic is approximately half the
number of cases in Estonia. However, in terms of cases

per 1000 km2, the two countries are very close (676.05
and 678.48, respectively). Both countries managed to
turn the curve down after 70 days from the first reported
case of the virus as it can be seen in the trend diagram
shown in Fig. 28.
Analyzing the NPI measures applied, Czech Republic

took the measures in the second week after the first re-
ported case (Table 5), while Estonia took the measures a
little bit later in the context of the third week which
may explain why the number of cases per 1000 km2 a lit-
tle bit is higher than that of the Czech Republic. Another
reason that may be attributed towards this little

Fig. 27 Measures first day aligned by the date of the first death in each country

Fig. 28 The trend of the cases from the day of the first reported case for the countries of the sixth cluster
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difference may be that the Estonian government did
not impose strict restrictions on movement. Another
interesting observation is that Estonia took all the
measures after the first reported death associated with
COVID-19 (Fig. 29). However, this seems not to have
a serious effect on the number of deaths per 1000
km2. A factor that may have contributed to the com-
paratively low number of deaths in Estonia is that the
population density per 1000 km2 is half that of Czech
Republic. Regardless of the gap in this measure, it
seems that issuing very early travel advice against
traveling to China in association with the other NPI

measures taken led to controlling the spread of the
disease efficiently.

Cluster 7: Poland and Slovenia
The seventh cluster includes Poland and Slovenia
(Fig. 17), two European countries with similar popula-
tion density of 121.46 and 101.98 people per square kilo-
meter, respectively (Table 6). Poland, however, is larger
in terms of population and surface area. The urban
population density per square kilometer is almost double
in Poland with 747.81 people, while it is 449.38 in
Slovenia. The first case was reported in both countries

Fig. 29 Measures first day aligned by the date of the first death in each country

Fig. 30 The trend of the cases from the day of the first reported case for the countries of the seventh cluster
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in early March 2020 with 1 day difference. The number
of cases per million is lower in Poland compared to
Slovenia; this may be attributed to the large difference in
their population size. Concerning the number of cases
per 1000 km2 that clustered them together, Poland has
607.48 cases while Slovenia has 584.26. As shown in
Fig. 30 both countries have managed to control the evo-
lution of the cases with Slovenia being more successful
than Poland by practicably eliminating the spread of the
disease after 70 days while Poland has just managed to
stabilize the rate of the disease.
Table 5 presents the NPI measures applied by the two

countries. It can be easily observed that both countries
reacted very fast, and they took most of the measures 1
week after their first reported COVID-19 case. Interest-
ingly, Slovenia did not apply a general lockdown; instead,
it imposed restrictions on movements after 2 weeks
from the first case. Another significant point is that
Slovenia did not took any measure to quarantine incom-
ing travelers, even though the borders were closed when
the rest of the measures were taken. The slight delay of
3 days for Slovenia to take the measures in comparison
to Poland and the delay in issuing travel advice against
traveling abroad may justify the higher number of cases
per million that Slovenia had (709.11) compared to
Poland (487.88).
From Fig. 31, we can observe that Poland delayed 4

weeks to suspend the religious service compared to
Slovenia. This seems not to affect drastically the number
of cases per 1000 km2. As many other countries did,
both Poland and Slovenia took most of the measures just
before the first death attributed to COVID-19, and thus
it seems that decision affected the overall evolution of
the transmission of the virus in both countries.

Cluster 8: Norway, Cyprus and Croatia
The three countries Norway, Cyprus and Croatia end up
in the same cluster (Fig. 17). They all have population
less than 5 million. Their urban population density is

439.16, 348.42 and 215.51, respectively (Table 6).
Norway has the lowest population density because it has
the largest surface area of 323,772 km2. In terms of cases
per million, Norway had many more cases than the
other two countries. Checking the number of cases per
1000 km2, the cases range from 401 to 420, and thus
they ended up in the same cluster. Other characteristics
of these three countries are the relatively small popula-
tion of 5 million for Norway, 4 million for Croatia and a
little above 1 million for Cyprus. The trend diagram
(Fig. 32) shows that after 70 days from the first reported
case these three countries have managed to handle the
crisis and turned down the curve with relatively the
same trend.
Looking at the NPI measures table (Table 5), Norway

and Croatia took most of the measures between the sec-
ond and the third weeks of the first reported case which
was almost on the same date at the end of February
2020. The first reported case in Cyprus was 2 weeks
after the other countries, and thus the first measures
taken by the local government were 1 week after the first
case. However, Cyprus did not suspend religious services
and did not initially impose restrictions on the move-
ment of people. These were suspended later after the
second week, just before the first death was reported in
the country (Fig. 33). Another difference between the
three countries is that in Norway the government did
not impose strict regulations on citizens’ movement
which may be attributed to the fact that Norwegian citi-
zens were already used to social distancing before the
pandemic as a cultural behavior that each one should re-
spect the personal space of others [76]. In summary, all
the countries in this cluster took the same measures two
to three weeks after the first reported case and just be-
fore the first reported death. This has led them to have a
very close number of reported cases per 1000 km2. Fi-
nally, the three countries ended up having the same
rules respected by their citizens either by mentality like
in Norway or by explicitly imposing them as it is the

Fig. 31 Measures first day aligned by the date of the first death in each country
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Fig. 32 The trend of the cases from the day of the first reported case for the countries of the eight cluster

Fig. 33 Measures first day aligned by the date of the first death in each country
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case with the other two countries. Indeed, Norway may
form a good example for other countries to spread
within their population the same style of living and re-
spect of social means.

Cluster 9: Bulgaria, Finland, Hungary, Latvia and
Lithuania.
The ninth cluster consists of five relatively small Euro-
pean countries: Bulgaria, Finland, Hungary, Latvia, and
Lithuania (Fig. 17) with population ranging from 2 mil-
lion to 10 million (Table 6). Finland is the largest coun-
try in terms of surface area, while it is very sparsely
populated. Latvia and Lithuania, on the other hand, have
the same size in terms of surface area and very similar
urban population density per square kilometer (400.42
and 409.45, respectively). It is noteworthy that both
countries had almost the same number of cases per mil-
lion (523.22 and 552.42, respectively). In terms of cases
per 1000 km2 of urban area, which is the criterion for
clustering these countries together, Bulgaria and
Lithuania have the most cases (334), and Hungary has
the least (299) cases. From the trend diagram (Fig. 34),
we can see that Finland, Latvia and Lithuania have man-
aged to turn the curve down after 70 days from the first
reported case with comparable trends in the number of
cases, while Hungary has just started to turn down the
curve and Bulgaria has just started stabilizing the curve.

Looking at the NPI measures, someone may say that
countries in this cluster did not take the same measures
even though they have very close number of cases per
1000 km2. However, if we analyze Table 5, we can ob-
serve that Latvia and Lithuania took very few measures
such as closing the educational system, which was im-
plemented 2 weeks after the first reported case. Both is-
sued travel advice against traveling to China very early,
then against traveling in general, and finally they closed
their borders 2 weeks after the first reported case.
Hungary took more measures than Latvia and Lithuania,
however, the religious services were not suspended.
Finland even though applied all the containment mea-

sures proposed by WHO, this was very late, namely six
weeks after the first reported case. The government did
not put the whole country in a lockdown and people
were able to move without restrictions. However,
Finland had a very low constant number of cases for
weeks (like Germany) and practically took the measures
soon before the first death cases. Finally, Bulgaria took
all the proposed measures very early except the suspen-
sion of religious services, and incoming travelers were
not initially put in quarantine upon arrival. However, the
country closed the borders early just 2 weeks after the
first reported cases. Having Bulgaria in this cluster with
the other countries which took the measures late or
which did not put in effect all the measures taken by

Fig. 34 The trend of the cases from the day of the first reported case for the countries of the ninth cluster
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Bulgaria may be attributed to the higher urban popula-
tion density per square kilometer which is almost double
than that of the other countries, except Hungary which
has almost 80% of the Bulgarian urban population dens-
ity per square kilometer. In terms of deaths, as reported
in Fig. 25 and Fig. 35, the absolute numbers are low be-
tween 10 and 54 per million, while all the countries
reacted fast and took all the measures before the first re-
ported death except Bulgaria which took the measures 1
week after the first reported death. This may be another
reason why Bulgaria clustered with this specific group of
countries.

Cluster 10: Greece, New Zealand and Slovakia
The tenth cluster contains Greece, New Zealand and
Slovakia (Fig. 17). The population of the countries
ranges from almost 11 million in Greece to 5 million
in New Zealand and 5 and a half million in Slovakia.
In terms of surface area, New Zealand is double the
size of Greece, while Slovakia is the smallest with ap-
proximately 49 thousand square kilometers (Table 6).
The population density of Slovakia is the largest

followed by Greece, while New Zealand has the low-
est population count.
Examining the population density over 1000 km2 in

urban areas, New Zealand is the first with 520.90 people
per 1000 km2, followed by Greece with 457.96, and lastly
Slovakia with 312.71 persons per square kilometers. The
first reported case of COVID-19 in Greece and New
Zealand was at the end of February, while in Slovakia
the first case appeared in the first week of March 2020
As shown in Fig. 36, the trend of the pandemic for the
three countries has turned down after 70 days, and thus
they managed to control the spread of the disease very
successfully. The number of cases per 1000 km2 is
153.03 for Greece, 141.57 for New Zealand and 159.65
for Slovakia.
The three countries in this cluster implemented all the

NPI measures suggested by WHO (Table 5). Greece and
Slovakia took the measures relatively early in the first or
second week after the appearance of the first reported
case of COVID-19, while New Zealand took the mea-
sures in the fourth week after the first case. As shown in
Fig. 37, the NPI measures were decided in all the three

Fig. 35 Measures first day aligned by the date of the first death in each country
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countries before the first death except for Greece which
imposed movement restrictions and a national lockdown
a week after the first death. It is noteworthy, that move-
ment restrictions and national lockdown were decided in
all the three countries between the third and fourth
weeks from the first reported COVID-19 case which

seems to be the most decisive factor for these three
countries to cluster together with relatively low number
of cases per 1000 km2. Another observation that may
have played a role in the low number of cases per 1000
km2 for all the countries is the travel advice against trav-
eling to China which has been issued very early. The

Fig. 36 The trend of the cases from the day of the first reported case for the countries of the tenth cluster

Fig. 37 Measures first day aligned by the date of the first death in each country
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actual lockdown in Greece may be seen as substituted
by having New Zeeland an isolated island. That is, both
countries had their population isolated from the outside
world and the culture of keeping distance by default in
New Zeeland is again substituted by the lockdown in
Greece, leading to similar trends in these countries.

Interesting special cases: countries with distinct trend
From Table 5 and Fig. 7, it can be seen that there are
more countries in the dataset that present some interest-
ing cases since they were either hit by the disease hardly,
such as Italy, or they did not take any measures such as
Brazil or Sweden, or followed a hybrid approach such as
Iran and Canada, or they managed to have very few
cases even though they took only very precise measures
such as Taiwan and Japan (Fig. 17). All these countries
appear as special cases, failing to cluster with other
countries in the clustering of cases per 1000 km2, but as
we mentioned above, they are worth to study their ap-
proach in containing the pandemic.
Italy is one of the first countries in Europe where the

first COVID-19 cases appeared very early in late January
(Table 6). It is a very large country with population more
than 60 million and population density 200.06. It was ex-
pected that controlling the spread of the disease would
not be easy since it is the country with the highest aging
population globally, and it was hit severely by the virus.

In terms of cases per million, Italy has an extremely high
number of cases (3730.44), and it has 3065.44 cases per
1000 urban square kilometers in 70 days.
Table 5 shows that Italy took more or less all the NPI

measures suggested by WHO, but too late, namely five
or 6 weeks after the first confirmed case. The delay in
response to the pandemic seems to have greatly affected
the number of cases and pushed Italy to pay a high toll
in deaths with 528.00 deaths per million (Table 6). As
one of the first European countries that was hit by the
virus, it is justified for not taking measures immediately
since there was no experience in handling the pandemic
and the messages from the Asian countries which had
already confirmed cases were not clear at the beginning.
Figure 38 shows that after 70 days of the outbreak, Italy
has managed to start stabilizing the curve. From Fig. 39
shows that Italy took the measures at least 2 weeks after
the first reported death, and thus this seems to be the
most crucial factor that affected the evolution of the dis-
ease with thousands of deaths over the initial weeks.
The next two countries that seem to have relevant sta-

tistics are Brazil and Iran (Fig. 17). Both countries diag-
nosed the first confirmed cases in late February (Table
5), however in Iran the first reported death is in the
same day with the first confirmed case, while in Brazil
the first death came several weeks later after mid-March.
Regarding Iran, it seems that the health system of the

Fig. 38 The trend of the cases from the day of the first reported case for the countries of the special cases cluster
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