
Saudi Pharmaceutical Journal 29 (2021) 391–409
Contents lists available at ScienceDirect

Saudi Pharmaceutical Journal

journal homepage: www.sciencedirect .com
Original article
Are countries’ precautionary actions against COVID-19 effective? An
assessment study of 175 countries worldwide
https://doi.org/10.1016/j.jsps.2021.03.011
1319-0164/� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author at: College of Pharmacy, Riyadh Elm University, Riyadh,
Saudi Arabia.

E-mail address: Thamer.alshammary@riyadh.edu.sa (T.M. Alshammari).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier
Thamir M. Alshammari a,b,⇑, Khalidah A. Alenzi c, Fatemah A. Alnofal d, Ghada Fradees e, Ali F. Altebainawi b,f

aCollege of Pharmacy, Riyadh Elm University, Riyadh, Saudi Arabia
bMedication Safety Research Chair, King Saud University, Riyadh, Saudi Arabia
cRegional Drug Information and Pharmacovigilance Center, Ministry of Health, Tabuk, Saudi Arabia
d Saudi Food and Drug Authority, Riyadh, Saudi Arabia
e Pharmaceutical Care Services, Prince Sultan Cardiac Center, Ministry of Health, Alqassim, Saudi Arabia
f Pharmaceutical Care Services, King Khalid Hospital, Hail Health Cluster, Ministry of Health, Hail, Saudi Arabia

a r t i c l e i n f o a b s t r a c t
Article history:
Received 21 November 2020
Accepted 28 March 2021
Available online 20 April 2021

Keywords:
Coronavirus disease 2019
COVID-19
Infection rate
Mortality rate
Pandemic
SARS-CoV-2
Precautionary actions
Background: The coronavirus disease 2019 (COVID-19) pandemic has affected many countries negatively,
particularly in terms of their health care and financial systems. Numerous countries have attempted to
employ precautions to address this pandemic. This study was aimed at exploring and assessing the early
precautionary actions taken by 175 countries on six continents to prevent the spread of severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2).
Methods: An observational study utilizing available public data was conducted on the basis of data col-
lected from December 31, 2019 until the end of April 2020 and then compared with data in January 2021.
Several data were extracted, including information related to the date of the first reported case of SARS-
CoV-2, total confirmed cases, total active cases and more. In addition, seven validated indicators were
used to assess the countries’ preparedness and precautionary actions.
Results: A total of 175 countries were included in the study. The total COVID-19 infection rate increased
exponentially and rapidly in North America and Europe from March to April. The application of precau-
tions (indicators) varied between countries. School closures, quarantines and curfews were the most-
applied indicators among all countries. As for the relationship between the indicators and their effects
on the infection rate, Italy and Spain were the top countries in Europe and adopted all the indicators.
Nevertheless, they faced high infection rates: 239,639 and 205,463 COVID-19 cases in Spain and Italy,
respectively.
Conclusion: The precautionary actions might have played a role in limiting the spread of COVID-19 in sev-
eral countries. However, many countries might not benefit from applying these indicators.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

During the last 20 years, there have been several epidemics
associated with viruses, including SARS-associated coronavirus,
H1N1 influenza and Middle East Respiratory Syndrome Corona-
Virus (MERS-CoV), and all these epidemics have imposed a human-
istic and economic burden on several countries (Cascella et al.,
2020). The first cases of coronavirus disease 2019 (COVID-19) were
reported to the World Health Organization (WHO) in December 31,
2019.

The WHO initially believed COVID-19 would be limited to
China. However, given the increased number of cases and countries
that have been affected, it was considered a high-level epidemic
(Cascella et al., 2020). On March 11, the WHO declared COVID-19
a pandemic because it had spread to most countries, and millions
of patients were affected by the disease worldwide (WHO, 2020a).

All data showed that even in countries with a well-developed
public health system, COVID-19 imposes a considerable burden
not only on health care but also at the country level. Countries such
as Italy, Spain and the United States of America (USA), which are
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known to have good health care systems, have experienced huge
numbers of cases and deaths. In particular, the USA and United
Kingdom (UK) account for a large percentage of deaths worldwide
(Worldometer, n.d.).

These countries’ death rates between March and April of 2020
ranged from 12.9% to 14.2%, which is considered high
(‘‘CoronaTracker,” n.d.; Worldometer, n.d.). These challenges make
dealing with COVID-19 very difficult and could lead to huge bur-
dens on the health care system.

The main difficult issues facing the health system in addressing
COVID-19 include the fact that there was no available vaccine for
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
until recently. However, there is still an issue with the supply
chain, which will take longer to cover all countries. Furthermore,
several medications were used in an off-label manner for COVID-
19. There were hopes that hydroxychloroquine and chloroquine
would be used to treat patients with COVID-19 following a study
by Philippe Gautret and others (Gautret et al., 2020); however, sev-
eral clinical trials found that these medications are ineffective for
COVID-19 treatment (Abd-Elsalam et al., 2020; Axfors et al.,
2020; Cavalcanti et al., 2020; Group, 2020; Mitjà et al., 2020).

Therefore, the first method of addressing COVID-19 is prevent-
ing the spread of the virus. SARS-CoV-2 is highly transmissible
among humans, which might be one of the reasons for the rapid
spread of the virus and its becoming a pandemic (Bernal-Delgado
et al., 2018).

Several actions were taken at the source of the virus, the city of
Wuhan in Hubei Province, China. These included isolation of any
suspected or confirmed cases and their contacts, but the primary
action taken was restriction of the mobility of the city’s residents
(WHO, 2020a). These actions are believed to delay the spread of
SARS-CoV-2 (Dong et al., 2020). Moreover, the best indicators that
might prevent or delay the spread of SARS-CoV-2 were taken by
some countries as precautions before any cases occurred
(Alshammari et al., 2020).

Many countries took precautionary measures and actions aimed
at reducing contact rates within the population and thereby reduc-
ing transmission of the virus. These actions included school and
workplace closings, workforce reductions, public event cancela-
tions, public transportation closures, public information cam-
paigns, international travel restrictions and quarantines and
curfews intended to limit the spread of the virus (Ferguson et al.,
2020). It is thought that containment indicators for COVID-19
may only slow its spread and that the virus is now entering a stage
of unprecedented threat in terms of its global impact (CEPI, n.d.).
However, these indicators are likely to be implemented to varying
degrees depending on the countries in question and their strategies
(Imai et al., 2020). The major challenge is maintaining the precau-
tions and interventions (Cauchemez et al., 2008). Therefore, this
study is aimed at exploring the early precautionary activities and
patterns of 175 countries from six continents worldwide intended
to address and prevent the spread of COVID-19.
2. Methodology

2.1. Sample and data

An observational epidemiological study was conducted on the
basis of data collected from all validated resources worldwide.
The study included 175 countries from 6 continents worldwide
(i.e., Asia, Africa, Europe, North America, Oceania and South Amer-
ica). In addition, it compared the numbers of infected cases in dif-
ferent countries with the current situation during January 2021 to
yield knowledge on the importance of continuing with precaution-
ary actions.
392
The study was conducted during the period from December 31,
2019 to the January 2021 All countries’ information was searched,
selected manually by the research team and divided by continents.
After collection, the data were double-checked by the research
team (each member checked the other members).

The country list was obtained utilizing the data from the WHO
official page on the novel SARS CoV 2 (WHO, 2020b). For each
selected country, specific data related to SARS CoV 2 and its indica-
tors were collected. This included information related to the date
of the first reported case, total confirmed cases, total active or sus-
pected cases, total serious cases, total recovered cases, total deaths
and deaths per million people starting from the beginning of the
virus’ spread to the end of March 2020. In addition to total con-
firmed cases and deaths per million people, data such as death
rates and the numbers of confirmed, recovered and serious cases
were also collected for April to compare the two months (April
2020 and January 2021).

2.2. Measures of variables

Validated indicators were used to assess the countries’ pre-
paredness and precautionary actions. These indicators of govern-
ment response included school closures (R1), workplace closures
or workforce reductions (R2), public event cancelations (R3), public
transport closures (R4), public information campaigns such as ones
encouraging social distancing (R5), international travel restrictions
(R6) and quarantines and curfews or movement reductions (R7)
(Saez et al., 2020; Thomas et al., n.d.).

Several sources were used to extract the countries’ data, includ-
ing the University of Oxford, Worldometer COVID-19 data, KPMG
International Cooperative, health ministries, UNESCO, the Govern-
ment of the United Kingdom and each country’s U.S. embassy.

2.3. Data analysis

Descriptive statistics, including numbers and means, were used
to compute government response indicators, infection cases,
deaths, deaths per 1 million people and the percentage of increase
in infections and deaths between March and April to obtain further
insight into how countries’ actions affected the spread of COVID-
19.

Data were exported to the Tableau software tool to support
visual data analysis. The figures created present the total number
of actions in countries grouped by continent, the total number of
infections by continent, total deaths expressed as death rates in
countries grouped by continent, the total infection increase rate
between March and April by continent, a comparison of the num-
ber of indicators taken with the number of deaths by continent and
the differences in infections in March and April by continent. For
data analysis, we used IBM SPSS Statistics for Macintosh, Version
21.0.0.0, and Tableau Desktop, Version 2020.1.
3. Results

A total of 175 countries were included in the study. Of these, 42
were located in Africa, 43 were in Asia, 5 were in Oceania, 47 were
in Europe, 26 were in North America and 12 were in South Amer-
ica. All included countries applied at least one of the precautionary
indicators. Infection rates were highest in Europe, followed by in
North America. Furthermore, Europe had the highest death rate
at 6,524 deaths per million people, whereas Oceania had the low-
est at 8 deaths per million people.

Worldwide, a maximum of 7 indicators were applied by govern-
ments. Figs. A present the total governmental indicators taken
grouped by continent. Fig. A-1 presents the total governmental
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Fig. A. Government measures (indicators) that were taken by 175 countries.
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indicators taken in 42 countries in Africa. Among these, 16 coun-
tries applied only 2 standards, 11 applied 3 standards, 2 applied
4 standards, 1 applied 5 standards, 8 applied 6 standards and 3
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applied 7 standards. One country (Somalia) applied only one stan-
dard. The countries that applied all 7 indicators were Kenya, South
Arica and Tanzania. All 43 countries closed schools, and only 20
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Fig. A. (continued)
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closed workplaces and canceled public events. In total, 19 coun-
tries closed public transportation and used public information
campaigns, and 11 applied international travel restrictions as well
as quarantines and curfews.
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Fig. A-2 presents governmental indicators taken in Asia, where
43 countries applied precautionary indicators. Of these, 8 countries
applied 2 indicators, 4 applied 3 indicators, 6 applied 4 indicators,
9 applied 5 indicators and 8 applied 6 indicators and eventually 7
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indicators. Most countries closed schools, but only 23 closed work-
places. Furthermore, 36 countries canceled public events, and 19
closed their public transportation, 21 countries used public infor-
mation campaigns, 33 imposed international travel restrictions
and 27 applied quarantines and curfews.

Fig. A-3 shows the total governmental indicators taken in 5
countries in Oceania. Among these 5 countries, 1 applied 2 indica-
tors, 2 applied 3 indicators, 1 applied 4 indicators and 1 applied 5
indicators. No countries applied 6 or 7 standards. Most countries
closed schools, imposed international travel restrictions and estab-
lished quarantines and curfews. Only New Zealand and Fiji can-
celed public events.

Fig. A-4 presents the total governmental indicators taken within
47 countries in Europe. Among these, 3 countries applied 1 indica-
tor, 6 applied 2 indicators, 5 applied 3 indicators, 8 applied 4 indi-
cators, 7 applied 5 indicators, 10 applied 6 indicators and 8 applied
7 indicators. Austria, Croatia, Hungary, Italy, Serbia, Spain, Switzer-
land and Ukraine applied all 7 indicators. Most countries closed
schools and canceled public events, and almost half closed work-
places and used public information campaigns. Only 11 countries
closed public transportation, whereas 36 imposed international
travel restrictions and 30 established quarantines and curfews.

The governmental measures or indicators were a bit different in
North America. Among 26 countries, 1 applied 1 indicator, 6
applied 2 indicators, 3 applied 3 indicators, 5 applied 4 indicators,
3 applied 5 indicators, 7 applied 6 indicators and 1 applied 7 indi-
cators. Only Bermuda applied all the indicators. Most countries
(24) closed schools, but only 13 closed workplaces and canceled
public events. Only 5 countries closed public transportation,
whereas 13 used public information campaigns; 18 countries
imposed international travel restrictions and established quaranti-
nes and curfews. For further details, see (Fig. A-5).

Fig. A-6 presents the total governmental indicators taken in 12
countries in South America. Among these, 1 country applied 1 indi-
cator, 2 applied 2 indicators, 1 applied 3 indicators, 1 applied 5
indicators, 1 applied 6 indicators and 6 applied 7 indicators. Most
countries (11) closed schools, and the majority (9) closed work-
places, imposed international travel restrictions and established
quarantines and curfews. Seven countries closed public transporta-
tion and used public information campaigns, and 7 canceled public
events.

Another important factor was the total death rate in the studied
countries. Figs. B show a plot chart of total deaths per million peo-
ple versus total infections on 6 continents. Fig. B-1 shows a plot
chart of total deaths per million people versus total infections in
Africa during the period January 2020–April 2020. Algeria had
the highest death rate at 10 deaths per million people and had
4,006 infections, followed by Benin, which had 8 deaths per million
people and a total of 64 infections. Morocco had a death rate of 5
deaths per million people and a total of 4,423 infections.

In Asia, Iran had the highest death rate at 72 deaths per million
people, with 94,640 infections. Turkey’s death rate was 38 deaths
per million people, and the country had 120,000 infections, see
(Fig. B-2).

Fig. B-3 shows the death rate in Europe, where San Marino had
the highest death rate at 1,208 deaths per million people as well as
569 infections. Belgium had a death rate of 655 deaths per million
people, with 48,519 infections. Spain had the highest total infec-
tions and a death rate of 525 deaths per million people.

The USA had the highest death and infection rates in North
America, with 193 deaths per million people and 1,095,023 infec-
tions. Bermuda was second with a death rate of 96 deaths per mil-
lion people and 114 infections (Fig. B-4). In neighboring South
America, death rates ranged from 0.4 to 51 deaths per million peo-
ple. Ecuador’s death rate was the highest at 51 deaths per million
people, and it had 24,934 infections. However, Brazil had the high-
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est infection rate, with 85,380 cases and a death rate of 28 deaths
per million people (Fig. B-5). In Oceania, Australia and New Zeal-
and both had a death rate of 4 deaths per million people, with
6,754 cases in Australia and 1,476 cases in New Zealand. For fur-
ther information, see (Fig. B-6).

As shown in Fig. B-7, worldwide, the death rate varied from 0.06
to 1,200 deaths per million people. Bhutan in Asia had the lowest
death rate of 0 deaths per million people and had only 7 infections.
In Europe, Vatican City had the lowest death rate at 0 deaths per
million people, and it had only 11 infections.

Figs. C compare countries and their total indicators taken using
total infections between March and April 2020. In Africa, South
Africa had the highest number of infections during March
(1,353), followed by Algeria (716). These countries applied 7 and
6 indicators, respectively. However, by April, Egypt and Morocco
had joined South Africa and Algeria due to a considerable increase
in their numbers of infections. With 5,537 and 4,423 infections,
respectively, and 3 indicators taken, both of the former countries
had relatively similar numbers of infections compared to those of
South Africa and Algeria (5,647 and 4,006, respectively). For further
details, see (Fig. C-1).

In Asia, China and Iran had the highest numbers of infections in
March (81,518 and 44,605, respectively) and 7 and 6 indicators
taken, respectively. However, by April, cases in Turkey (120,204),
which applied 7 indicators, outnumbered those in China. For fur-
ther details, see (Fig. C-2).

Fig. C-3 presents infections rates in Europe, where most coun-
ties showed an increase across both months. Spain and Italy
adopted all 7 indicators but faced the highest infection rates. In
North America, as Fig. C-4 shows, the USA, which applied 6 indica-
tors, had the highest infection rate during March and April.

As Fig. C-5 shows, in South America, Brazil applied all 7 indica-
tors and had the highest infection rate in March and April. How-
ever, Uruguay applied only 1 indicator and had the lowest
number of infections on the continent.

In Australia and Oceania, as Fig. C-6 shows, a steady increase of
infection cases occurred continent-wide. However, Australia had
the highest infection rate and applied only 3 indicators.

In a comparison of the COVID-19 death rates among the conti-
nents, Europe and North America had the highest ones, whereas
Oceania and Africa had the lowest ones (see Fig. D-2). In addition,
the total COVID-19 infection rate increased exponentially and
rapidly in North America and Europe fromMarch to April (Fig. D-1).

Figs. E present a stacked bar chart view that shows that the
number of infections in Asia increased during the period March–
April 2020. On March 30, the total number of infections in Asia
was 175,130. By the end of April, this number had reached
510,711 reported cases (Fig. E-2). However, Africa’s rate of increase
was greater than Asia’s. In total, 5,412 cases occurred in Africa, but
the total number of infections had risen to 37,631 by the end of
April 2020 (Fig. E-1). Countries in Oceania were not affected in
both months, and their rate of increase was low, as the total num-
ber of cases was 5,250 at end of March and 8,314 at the end of April
(Fig. E-6).

Between March and April 2020, the number of cases in Europe
and North America increased by 6 and 3 times, respectively
(Figs. E-3 and E-4). On March 30, the total number of infections
in North America was 201,483, but by the end of April 2020, it
had reached 1,184,551. Europe had 450,868 cases on March 30
and 1,373,570 cases by the end of April.

The highest rate of infection increase was observed in South
America, where it increased by 13 times. The total number of infec-
tions was 12,744 at end of March, but this increased to 176,675 by
the end of April 2020 (Fig. D-1). The recovered cases pattern was
similar for all continents except Europe, as the number of serious
cases was 55,694 there but far lower elsewhere (Fig. F).
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In January 2021, the number of cases in Europe had slightly
increased compared to in the April 2020 situation, except in some
countries such as Russia, the United Kingdom and Ukraine (Fig. G-
396
1). The Australian & Oceanian continent increases were also lim-
ited except for in French Polynesia, where there was a noticeable
increase (Fig. G-2).
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Fig. B. (continued)
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The infected cases in Africa reported in January 2021 were
comparable to the number of cases registered last April
(Fig. G-3).
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There were no great increases in the rate of infection in Asia
compared to the rate during the last April, except in India, where
the number of cases increased by three times (Fig. G-4). We also
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noticed as much in the continent of South America, except in Bra-
zil, where there was an increase in the number of infected cases
(Fig. G-5).
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In North America is January 2021, the infected cases were close
to what were recorded the April before, except in the United States
(Fig. G-6).
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4. Discussion

On December 31, 2019, Chinese authorities alerted the WHO to
an outbreak of SARS CoV 2 in Wuhan City, Hubei Province, China.
On March 11, 2020, the WHO announced that COVID-19 had
become a pandemic. The rapid spread of COVID-19 worldwide
has led to the creation and adoption of a wide range of responses
in various countries to address outbreaks of the virus and reduce
severe global socioeconomic disruption.

Recommended preventive indicators included hand washing,
covering one’s mouth, maintaining distance between people and
self-isolation for those who suspect they are infected. However,
the governments differed widely in which measures they adopted
and how quickly they implemented changes such as school or
workplace closures, workforce reductions, public event cancela-
tions, public transportation closures, public information cam-
paigns, international travel restrictions (on travel to or from
China or all travel) and curfews, resulting in the uneven spread
of the virus.

In general, government responses have become more stringent
over the course of the COVID-19 outbreak. However, responses
have also varied among countries and this is consistent with an
Working Paper Series conducted by University of Oxford. (Hale
et al., 2020) This difference may owe to fear of economic repercus-
sions, weak or strong resources and wars. Nevertheless, the coun-
tries with higher healthcare investments as a percentage of Gross
Domestic Product (GDP) has mitigated the fatality rate of COVID-
19 even when applied a shorter period of lockdown. (Coccia,
2021a; Karnon, 2020).

This study examined the actions taken by 175 countries on 6
continents. We aimed to cover most regions worldwide and inves-
tigate the patterns among these countries. Thus, there were no
specific exclusion criteria for countries, but inclusion depended
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on the availability of and access to data. Although COVID-19 orig-
inated from China, the highest death rate was in Europe, not Asia
(Yuan et al., 2020). This may have occurred for many reasons.
The number of COVID-19 cases was high during the study period,
and Europe’s elderly population is quite large; furthermore, most
COVID-19 deaths occurred among elderly people due to weak
immune systems (Rothan and Byrareddy, 2020; Wang et al.,
2020) or due to environmental and social weaknesses. (Coccia,
2020) In addition, a lack of some important medical equipment—
such as test kits, personal protective equipment, ventilators and
available beds in intensive care units—in some countries, especially
those with very high numbers of COVID-19 cases, might be another
reason for the high death rate in Europe (Rubino et al., 2020). In
contrast, Oceania had the lowest rate at 8 deaths per million peo-
ple. This might be due to the distance between the continent’s
islands, its low population and the early precautionary actions on
the part of some of countries in Oceania, which limited the number
of COVID-19 cases in those countries. New Zealand is a successful
example of controlling the COVID-19 pandemic. The number of
tests conducted indicates that testing was performed more than
once (‘‘COVID-19 – current cases in New Zealand, Ministry of
Health – Manat�u Hauora,” n.d.), and seven indicators were used
to assess the country’s activities and preparedness to fight SARS-
CoV-2. Only 15% of countries applied all 7 indicators, whereas
the largest proportion applied only 2 indicators (22%). However,
this pattern is different for Africa, South America and Oceania.
Fewer indicators were applied by a couple of countries in Oceania.
Thus, that continent had both the lowest rate of COVID-19 pan-
demic infection and the lowest average number of indicators. gov-
ernmental indicators. This does not indicate that these indicators
had no effect, however. These results could have occurred for sev-
eral reasons: 1) applying some indicators such as quarantines and
school closures early, 2) closing the country by preventing interna-
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Comparing total measures taken with death cases in Asia until March 30th

Fig. C. Comparison of number of death rate and total measures.

T.M. Alshammari, K.A. Alenzi, F.A. Alnofal et al. Saudi Pharmaceutical Journal 29 (2021) 391–409
tional travel to and from some countries and 3) Oceania’s location,
which, unlike Europe’s, makes travel between countries difficult
because of their sea borders (‘‘COVID-19 – current cases in New
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Zealand, Ministry of Health – Manat�u Hauora,” n.d.). These reasons
could also be why the spread of SARS-CoV-2 was lowest in Oceania.
When comparing cases at the end of March to those at the end of
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Fig. C. (continued)
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April, we found that the rate increase in Oceania was only 36%,
compared to 74% worldwide. Similarly, the death rate increased
by about the same percentage.
401
However, cases differed across other continents, where SARS-
CoV-2 spread more when governments applied fewer indicators.
This is clearly shown in data for continents such as South America,
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Fig. C. (continued)
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Africa and North America, where the rate of spread was higher
than the worldwide rate. Asia and Europe were comparable, and
the rate of spread on both continents was lower than the world-
wide rate, possibly due to their extensive efforts in applying most
indicators to limit the spread of SARS-CoV-2.

The spread of SARS CoV-2 among the studied countries might
have been affected by the applied indicators; this was seen in var-
ious countries. In Oceania, the more indicators governments
applied, the fewer COVID-19 cases they reported. For example, in
New Zealand and Fiji, this trend continued for both months (i.e.,
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March and April). Several other continents’ countries, such as
Kenya, Saudi Arabia, Japan, Austria, Switzerland, Bermuda, Canada,
Bolivia and Argentina, exhibited the same pattern. However, this
was not always the case because some countries applied more
indicators but still faced high numbers of infections, as in China,
South Africa, Spain, Italy and the USA. This might have occurred
because these indicators were not followed well, were applied late
after many cases had already occurred or were not well recognized
as being of considerable importance, especially during the early
period of the pandemic, as in China (Aleta and Moreno, 2020;
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Fig. D. Total number of COVID-19 cases and death rate per million among the six continents.

T.M. Alshammari, K.A. Alenzi, F.A. Alnofal et al. Saudi Pharmaceutical Journal 29 (2021) 391–409
Sebastiani et al., 2020). This is consistent with a simulation study
conducted in Wuhan, which found that if precautionary actions
(social distancing in the general community and school and
403
workplace closures) would be applied well, the pandemic would
vanish by end of April; however, the countries are still suffering
from it (Prem et al., 2020). A study by Atalan conducted on 49
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Fig. E. Increase rate of COVID-19 cases from March to April 2020 among the six continents.
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countries found that lockdowns have reduced the number of
COVID-19 infections, but cases in Italy and Spain were not affected
by lockdowns, which consists with our study (Atalan, 2020).

In a comparison of the indicators or actions used by continents
with the mortality rate at the end of the first month, in Africa, most
countries that applied more indicators, such as Kenya, Mauritania,
Angola and Cote d’Ivoire, had lower mortality rates. However,
results were different in Algeria, which had a high mortality rate
despite applying 6 of the 7 indicators. The only indicator Algeria
did not apply was a public information campaign, which might
indicate that educational materials and information about SARS-
CoV-2 played a major role in counteracting this pandemic. Simi-
larly, in Europe, Switzerland and Germany had low fatality rates,
and both countries applied a high number of these indicators
(Huber and Langen, 2020). However, countries such Spain and Italy
applied high numbers of indicators but still had high mortality
rates. This might be due to late application or lack of seriousness
in applying these indicators by these countries (Liu et al., 2020;
Saez et al., 2020). However, a longer period of lockdown does not
significantly reduce the fatality rate. (Coccia, 2021a). In addition,
404
as mentioned earlier, demographics and aging might have played
roles in these countries (Rubino et al., 2020). These results are con-
sistent with a study conducted by Coccia M et al., which found that
a longer lockdown (>1 month) compared to a shorter one (maxi-
mum 15 days) is not associated with a reduction in COVID-19 cases
(Coccia, 2021b). Furthermore, a study conducted in Italy found that
these increases in cases might have owed to the air pollution and
high population density in the affected cities (Coccia, 2021c,
2021d). Nevertheless, a study by Tobias A conducted in Italy and
Spain for a month found that there was a reduction in the number
of cases after the lockdowns; however, the study was started in
February where cases were already very high (Tobias A.,
2020***). Moreover, another study that assessed the effect of
non-pharmaceutical interventions on COVID-19 in Europe found
that there was a reduction in the transmission of COVID-19, but
the study lasted until May, at which point cases had started to
decline (Flaxman et al., 2020). Brauner J. et al. conducted a study
on 41 European countries and found that nonessential and high-
risk business closures as well as stay-at-home orders had only a
small to moderate effect on COVID-19 transmission, whereas
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Fig. F. Total number of COVID-19 active, serious and recovered cases among the six continents.
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closing educational institutions, limiting gatherings to 10 people or
fewer and curtailing face-to-face businesses had a considerable
effect on COVID-19 transmission (Brauner et al., 2021).

When the mortality rate was compared among countries world-
wide, most countries with higher fatality rates were in Europe. The
country with the highest rate was San Marino, followed by Bel-
gium, Andorra, Spain, Italy, the UK, France and Sweden. This might
be because of the massive number of COVID-19 cases that occurred
earlier in Europe, as hospitals might not have been ready to deal
with such a high number of cases (Rubino et al., 2020). Another
explanation could be the aging population in these countries, espe-
cially considering that such individuals are part of the most-
affected age group (Toshkov, Dimiter, 2020).

There were more serious COVID-19 cases in Europe than in
comparable continents. This sharp increase in cases occurred
mainly in Italy and Spain, possibly due to the unpreparedness of
these countries’ health care systems, especially when faced with
a huge number of cases. Also, the late action by these countries
in applying restrictions might be a reason, taking into considera-
tion the high number of cases before March. In addition, these
countries’ populations contain more elderly people, and most of
the people affected have been elderly; this could be another justi-
fication for such a high number of serious cases (Rubino et al.,
2020; Toshkov, Dimiter, 2020). A study conducted in Italy and
Spain found that when the lockdown was applied, the number of
cases dropped in March and April compared to in February. This
might be because cases were already very high in February
(Tobías, 2020). Nevertheless, another study conducted in 50 coun-
tries found that rapid border closures and full lockdowns are not
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associated with reduction critical cases or mortality reduction
(Chaudhry et al., 2020).

When total SARS-CoV-2 infection rates among continents for
the months of March and April are compared, most countries
continued to increase at the same rate for both months regardless
of the number of governmental indicators taken. However, in
Asia and Europe, Turkey and Spain had percentage increases
higher than the average infection rate, overtaking China and Italy,
which were considered the most-infected countries in Asia and
Europe.

Several actions were taken at the source of the virus in Wuhan
City, Hubei Province, China, including improved rates of diagnostic
testing, immediate isolation of any suspected or confirmed cases
and contacts and restriction of the mobility of the city’s residents
(Kraemer et al., 2020). These actions are believed to have delayed
the spread of SARS-CoV2 (Tian et al., 2020). This is consistent with
a study by Perm et al. (2020).

Some countries such as Singapore, Hong Kong and Taiwan
relied more on early precautions because of their belief that pre-
vention was the only option without an available vaccine or drugs
at that time. Singapore was among the first countries to apply a
travel ban from China at that time. In addition, daily testing of
up to 2,000 people was conducted to check for SARS-CoV-2, and
employees were asked to work from home due to mandatory quar-
antines in the country. Similar actions were taken by Hong Kong,
and most people believed in these actions because the country
had been affected by SARS-CoV during the 2003–2004 pandemic
(‘‘What We Can Learn From Singapore, Taiwan and Hong Kong
About Handling Coronavirus. Time. 2020,” n.d.).
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Fig. G. Total number of COVID-19 cases among the six continents.
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Some indicators were reduced in countries in late April for a
number of reasons. The outbreak of the pandemic affected educa-
tional systems worldwide, leading to the near-total closures of
406
schools and universities and causing a destabilizing threat to the
global economy. In addition, the increased global use of equipment
to combat virus outbreaks caused food and supply shortages. The
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Fig. G. (continued)
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SARS-CoV-2 outbreak has had various impacts worldwide, espe-
cially in terms of disrupting factories and logistics operations
(Fernandes, 2020).

The second wave of COVID-19 has shown the important of these
precautionary actions as of Jan 25, 2021. The USA is now the coun-
try most affected by COVID-19 cases, surpassing 25 million total
cases. As an example, the state of California had used these actions
to limit the spread of COVID-19 (California governor REF).

The increase in the number of cases might owe to the reopening
of schools and universities, especially in September, and variation
in the application of the school closures procedure in different
states.

This might be due to easing into and implementing procedures,
especially wearing masks, returning to work completely in most
states and partial restriction of flights.

Since the beginning of July, India has eased lockdown actions
despite increased confirmed cases and deaths. At the end of Jan-
uary 2021, it had reached nearly 11 million cases with 111 deaths
407
per million people. Furthermore, that Brazil has shown one of the
worst responses to the pandemic is unequivocal. Brazil is among
the three countries with the largest number of confirmed cases
(more than 9 million as of Jan 25, 2021, according to the WHO),
with high mortality and a high number of deaths, especially among
health professionals and pregnant women (Moraes T, 2020;
Takemoto et al., 2020).

At the end of December 2020, several European countries,
including France, Germany, Italy, the Netherlands and Ireland,
imposed travel restrictions on the United Kingdom over the new
coronavirus variant identified there. Other countries such as
Canada, Saudi Arabia and El Salvador also imposed travel
restrictions.

In some continents—Asia and Africa—we found no increase in
the infected cases. The reason may be the lack of reporting by
the countries or of testing due to a state’s economic situation or
the unavailability of a COVID-19 test; thus, the number of cases
might have been decreased.
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This study has several advantages. To our knowledge, it is the
first study to evaluate these 7 indicators as precautionary actions
on the part of 175 countries worldwide. In addition, our study
involved important indicators that cover the most of the actions
taken by countries. It also included data such as the numbers of
infections, serious cases, recovered cases and deaths, the death rate
per million people and the number of indicators applied by each
country. The study’s limitations include that we lacked time series
information (i.e., the number of infections or deaths for multiple
time points) because some data were unavailable or difficult to
acquire. In addition, it is difficult to judge and compare the coun-
tries because of the unavailability of several factors needed for this
comparison and the emergence of the new coronavirus variant in
some countries.

4.1. Recommendations

It is clear that the COVID-19 pandemic will continue over time
for at least a year from now, and there is a hope that the availabil-
ity of vaccines will help to end it; however, there is no solid evi-
dence on that point. Therefore, precautionary actions might be
considered the best methods to prevent the transmission of
COVID-19, although the issue is still debatable. Educational (i.e.,
schools) and workplace closures (using online methods instead),
border closure, social distancing and hand and face washing seem
to be actions that can be recommended. Nevertheless, these rec-
ommendations might differ from one country to another.

5. Conclusion

Most studied countries exhibited the same pattern in terms of
increasing numbers of COVID-19 cases. This study showed that
the precautionary indicators taken by various countries might have
played a role in limiting the spread of COVID-19. This might be
seen clearly at the point when some countries stopped these pre-
cautionary actions, as they now have a second wave of COVID-
19. However, some countries might not benefit from applying
these indicators.
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