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ABSTRACT: The COVID-19 pandemic has affected numerous countries worldwide, however some countries appear relatively 
spared when compared to others. There are countless factors affecting the spread of the virus and its distribution. This study aimed 
to characterize factors such as: population density, age of the population, climate & immunology, and strategies/measures used 
by nations to combat the spread of the virus. Whilst these factors play substantial roles in explaining the possible reasons for the 
uneven distribution around the world, there were a few exceptions to each of the findings. Furthermore, precautionary measures 
and effective strategies to limit and combat the spread of COVID-19 have played a significant role regardless of factors such as 
regional climates, population density, and more. Above all, it is important to note that with additional knowledge and information 
about the virus, scientists and researchers will be able to develop more effective approaches in responding to such a virus, and even 
future diseases.

KEYWORDS: Biology; COVID-19; population age; climate; Immunology; population density; inflammation; medicine. 

�   Introduction
COVID-19 was first identified on 31 December 2019, fol-

lowing a report of a cluster of cases of “viral pneumonia” in 
Wuhan, People’s Republic of China. The World Health Orga-
nization proclaimed the outbreak a “Public Health Emergency 
of International Concern” in January 2020, and in March 2020 
declared it a pandemic. As of the 19th of December 2020, 
5:22 pm CET, there have been 74,299,042 ± total cases glob-
ally; with the Americas accounting for about 43% of the cases 
(globally), and Europe accounting for about 32% of the to-
tal cases (globally), while the Eastern Mediterranean, Africa, 
South East Asia, and the Western Pacific regions combined 
account for just around 25% percent, despite housing around 
6,283,110,834± people which is about 4 times more compared 
to the Americas’ and Europe’s population of 1550260479±. In 
this report (Figure 1),¹,² the reasons behind this significant 
difference will be investigated and specific countries will be 
explored further to thoroughly understand and examine exam-
ples of how some factors might come into play. 

Based on the data, the Americas had the most cases, 
31,925,704, and following that Europe, with 23,457,397 cas-
es, Southeast Asia, 11,572,247, Eastern Mediterranean at 
4,641,968, Africa at 1,701,091, and finally the Western Pacific 
region at 999,891. However, what is unusual is the great dif-
ference in population between the regions. For instance, the 
Americas account for 802,409,370± (approximately 10.2%) of 
the global population (at the time of writing is 7,833,371,313),² 
and Europe with 747,851,109± (approximately 9.5%) of the 
population. In contrast, all of the other regions, in spite of 
having a population of 6,283,110,834± (more than 4 times as 
much as the population of the Americas and Europe); report 
fewer cases compared to the Americas and Europe (Figure 2). 
This might be due to efficient practices and measures, political 
aspects, availability of healthcare, environmental aspects, and 
numerous other factors.

Population Density:
Population density is the number of individuals per unit 

geographic area, numerous politicians and public figures have 
argued that population density affects the transmission of the 
virus (Figure 3).³ However, it is one of many factors that affect 
the transmission rate of the 2019-nCoV, that should be taken 
into account while understanding the reasons behind this ab-
normal distribution of cases in different countries.

Figure 1: Map displaying total cases reported (per 1 million population) in 
the last 7 days, as of 2020/12/19, 5:22pm CET.1

Figure 2: Pie chart displaying the total confirmed cases by region according 
to the World Health Organization.1
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According to the World Health Organization, Singapore, 
Hong Kong, Bahrain, Malta, Bangladesh, Palestine, Leba-
non, Taiwan, South Korea, Rwanda (excluding island nations 
or territories, *read notice*) place the top ten most densely 
populated countries in the world.¹

As shown in Figure 4, the included countries all belong 
either to the Eastern Mediterranean, Southeast Asia, Africa, 
and Western Pacific regions (with the exception of Malta, an 
island country in the Mediterranean Sea and part of the EU 
politically, however geographically speaking part of Africa). It 
can also be seen that countries that are located in the Eastern 
Mediterranean account for more cases per 1 million popu-
lation. However, it should be noted that the top 4 countries 
have a smaller population compared to the rest. For example, 
Bahrain has 1.569 million people, while Taiwan has 23.78 
million people; so, if a number of cases appear, the cases per 
million population would be higher in Bahrain than in Tai-
wan. This method is more efficient and accurate in comparing 
countries rather than using the number of total cases, as ev-
ery country has a different population. According to the data, 
it can be observed that countries like Rwanda, South Korea, 
Hong Kong, and Taiwan are responding exceptionally well to 
the COVID-19 pandemic.

Similarly, in less densely populated countries, it was ob-
served that countries in the Americas, and Europe have the 
highest cases per 1 million population (with the exception of 
Libya, an eastern Mediterranean country). While countries 
like Australia, and Mongolia (Western Pacific) had fewer 
cases, with the African countries following (Figure 5).

As Mongolia, Australia, Suriname, Iceland, Guyana, Libya, 
Mauritania, Botswana, Canada, and Russia place the top ten 
least populated countries in the world respectively; we can 

clearly show that population density doesn’t affect the cases 
per 1 million population, just like in the previous example 
(Figure 5).

As a whole, despite being more densely populated, some 
countries like South Korea, Rwanda, Hong Kong, and Taiwan 
managed to have fewer cases per 1 million population than 
less densely populated countries. This shows that population 
density does not necessarily play a role in a country’s cases. 
Furthermore, the Americas, Europe, and some Eastern-Med-
iterranean countries performed worse than Western-Pacific, 
and African countries.

Young Population:
Additionally, aging might be a contributing factor in the 

uneven distribution of cases around the globe (Figure 6).

Comparing Figures 6 and 7, it can be clearly seen that there 
is a moderate relation between the median age of countries 
and the reported cases in the last 7 days, from the time of 
this writing. There are some outliers, such; as Australia, New 
Zealand, China, Ireland, etc., however in the majority of 
countries, a pattern can be noticed, the older the population, 

Figure 3: Map displaying population density of countries and states around 
the world according to the CIA World Factbook.4 

Figure 5: Graph displaying the total cases per 1 million population of least 
densely populated countries around the world.1, 4 

Figure 6: Map displaying Median age by country, according to CIA World 
Factbook 2018 est. 

Figure 4: Graph displaying the total cases per 1 million population of most 
densely populated countries around the world.1, 4 

Figure 7: Map displaying total cases reported (per 1 million population) in 
the last 7 days, as of 2020/12/19, 5:22pm CET. 
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for most of Asia. This is clearly the result of declining mor-
tality, and the high fertility rate amongst people, especially in 
Africa.⁶ Despite the information gathered, the reasons behind 
the probability of catching the virus in varying ages needs to 
be explained thoroughly, as a lack of available information re-
garding the probability of different age groups catching the 
virus, is present.

Although there have been several studies on this matter, the 
research records the number of cases reported from each age 
group, as seen below (Figure 10) from the Georgia Depart-
ment of Public Health, and not the immunity of different ages 
catching the virus.⁷

What is not ideal in this method is that it is obvious that 
people of ages, 18-59, spend more time outside,⁸ than children, 
teenagers, and the elderly. This of course varies but is true for 
the majority of people. Therefore, this does not measure the 
immunity towards the virus, but instead the age groups and 
their cases and deaths.⁹

Nonetheless, the difference between the younger and older 
populations is believed to be a result of the aging immune 
system. However, information about this has not been 
thoroughly explored as minimal research has been done in this 
area.

Aging Immune System:
An aging immune system may have an effect on the 

probability of catching a virus and responding to it. The immune 
system protects the body from external and internal stressors 
(harmful substances, germs, and cell changes that could make 
a person ill).¹⁰ It is beneficial for fighting pathogens like 
bacteria, viruses, parasites, or fungi, as well as for recognizing 
and neutralizing harmful substances from the environment. 
In addition, the immune system is responsible for fighting off 
disease-causing changes in the body, such as cancer cells or in 
this case COVID-19 infected cells.

As people age, the immune system changes in several 
ways. Immunosenescence, the aging process that leads to 
dysregulation of immunity and a person’s adaptive response 
to pathogen exposure, is one major factor in the changes the 
immune system goes through in the process of aging. Another 
noteworthy process is Inflammaging, which is a chronic 
increase in systemic inflammation, that attacks mainly the 
macrophage as one of its major target cells in this process.¹¹

the more cases, and the younger the population, the fewer 
the cases.

In addition, African, Eastern Mediterranean, Western 
Pacific, and South-East Asian regions appear to be relatively 
spared compared to the Americas and Europe.

To further investigate the matter, I decided to take the 
newly reported cases in the last seven days from the top 10 
countries with the youngest and oldest populations (according 
to CIA World Factbook 2018 estimate),⁴ and compare them 
with each other and point out the differences and similarities 
between the cases and age, and the possible causes.

Based on Figure 8, all of the countries, except Japan, are in 
Europe, and Western Europe seems to be more affected than 
Eastern Europe and the Balkans. The country that was most 
affected was Germany, with 170,722 cases reported in the last 
7 days. While the least affected country Andorra, which only 
has a population of 76,177± people, reported 283 cases in the 
last 7 days.

Based on Figure 9, all of the 10 countries are from Africa, 
which does explain why they are spared more when compared 
to other regions. The country with the highest number of 
cases reported in the last 7 days was Uganda, with 3,702 cases 
reported in the last 7 days, while Burundi accounted for the 
least number of cases (in the last 7 days), for a total of 33.

The difference can be clearly observed, which confirms that 
the age of a country’s population does affect the case count 
to varying degrees and does not apply in all circumstances. In 
addition, Uganda, with 3,702 cases, accounts for fewer cases 
reported (in the last 7 days) than the top ten countries with 
the oldest populations (with the exception of Andorra) in the 
world. From the data, Africa’s young population has clearly 
helped it to accumulate fewer cases. The same can also be said 

Figure 8: Graph representing the cases reported in the last 7 days in 
countries with the oldest population.

Figure 10: Graph representing and comparing the cases, hospitalizations, 
and deaths by age groups, according to the Georgia Department of Public 
Health.7

Figure 9: Graph representing the cases reported in the last 7 days in 
countries with the oldest populatios.
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As seen above (Figure 11), this prediction conveys a rela-
tion between age and macrophage activation, which is mostly 
responsible for the presence of a subclinical chronic inflamma-
tory process in the elderly. Though, macrophages are not the 
only cell involved in this process, as cells like lymphocytes are 
also affected by immunosenescence. 

As a whole, immunosenescence, and inflammaging affect the 
immune system during aging. This could be a factor attributed 
to the distribution of cases throughout countries depending 
on ages.

Climate and immunolog:
Climate and Immunology can be a noteworthy consider-

ation for the spread of the coronavirus among countries. 
A coronavirus is a single-stranded RNA-enveloped virus. 

Non-enveloped viruses -- such as coxsackieviruses, poliovirus, 
and rotavirus – cannot survive for extended periods of time on 
surfaces and can be affected by heat, moisture, or pH. On the 
other hand, enveloped viruses (such as the coronavirus); can 
remain infectious on surfaces for several days. The persistence 
of  viruses, for example the coronavirus, can be affected by 
environmental conditions and factors like heat, moisture, 
pH, and the type of surface.¹² Furthermore, conditions such 
as heat can be found in the principle behind inactivated vac-
cines; where viruses such as measles, mumps, and rubella are 
inactivated with heat or formaldehyde -- a notable example is 
the BBIBP-CorV vaccine from Sinopharm.¹³ Evidently, the 
virulence of coronaviruses (including SARS-CoV-2) appears 
to attenuate or get completely inactivated by heat; in our case 
the Tropical Sun.

In the above image, it can be seen that the tropics, sub-Sa-
haran, and Sahelian regions; spanning from Mauritania, 
Morocco, and the Western Sahara region to Egypt and eastern 
African countries, through the Middle East, and into South-
East Asia, appear to be relatively spared. Other regions, such 
as the Malay Archipelago and the Western Pacific (Oceanic) 

Figure 11: Inflamm-aging as a consequence of macroph-aging.11

regions also appear to be spared in mortality rates and cases 
(Figure 12).

As such, this evidence might also aid in the understanding 
of why certain regions appear to be spared in case count and 
mortality rates. Due to the nature of the virus being incapable 
of withstanding heat, the coronavirus would not be able to re-
main on surfaces as long compared to regions with relatively 
colder temperatures. This helps explain why there is a signifi-
cant difference in cases between countries that are located in 
regions with hotter temperatures and countries with relatively 
colder temperatures.

How countries are battling the spread of the virus:
Various countries have implemented different strategies into 

battling the spread and effects of the virus. However, only a 
few countries have managed to conduct notable measures into 
limiting the development of the problem. One of many exam-
ples is Hong Kong, which has maintained a profoundly low 
numbers of cases and deaths, despite close proximity to China, 
and its reputation as a major transport and economic hub. Its 
sustainable measures and its fixed attitude amongst its people 
and culture (for instance, citizens wear masks to keep their fac-
es warm in the winter and offer a sense of protection from air 
pollution, including any airborne germs prior to the pandemic) 
have helped the state to overcome any major problems that can 
be caused by the pandemic.¹⁴

Hong Kong:
Hong Kong is a country that imposes a great example of 

dealing with the coronavirus. This can be seen by the relatively 
low case count compared to many other countries, despite its 
remarkable status as an international transport hub. Evidently, 
this can be attributed to several implementations and proce-
dures the government imposed on its population. 

To begin with, experts believe the habit of wearing masks 
in public since the 2003 SARS epidemic has helped keep the 
number of cases relatively low. Additionally, border restrictions, 
quarantine and isolation, social distancing, and behavioral 
changes (such as wearing masks) may have had a role in con-
taining the spread of the virus.¹⁵

Subsequently, during the 4th wave, schools were suspend-
ed until further notice, and businesses’ working hours were 
reduced; to further reduce the spread. In addition to this, a 
mandate for authorities to order partial lockdowns on loca-
tions with multiple cases of COVID-19 until all residents 
were tested.¹⁶

From late January 2021, the government repeatedly locked 
down residential buildings to conduct mass testing. Steps have 
also been taken to limit the spread and death count by vacci-
nation, as a free mass vaccination program has been launched 
from the 26th of February.¹⁶

There are numerous other examples of countries that have 
been able to contain the spread of the virus, in similar strat-
egies to that of Hong Kong-- like Taiwan, South Korea, and 
more -- which also demonstrated outstanding results after im-
plementation.¹⁷

Vacciness:
This paper has explored how inactivated vaccines may be 

able to protect against infection through exposure to heat. It 
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is important to note, that vaccine pioneers can also inactivate 
a version of a virus through radiation and chemicals, or by 
containing a similar virus that resembles the real one.¹⁸ This 
is seen in vaccines offered by Sinovac, Bharat Biotech, and 
Sinopharm.¹⁸ However, there are numerous other types of 
vaccines, such as RNA, Viral Vector Vaccines, and Protein sub-
unit vaccines. RNA vaccines work by the concept of messenger 
RNA, which is a sequence of genetic code that communicates 
with our cells to ensure the necessary proteins are built.¹⁹ In 
such vaccines, scientists develop a synthetic version of the vi-
rus’ messenger RNA. When injected into the body, cells read 
the instructions and start building the necessary viral proteins; 
prompting the immune system to respond so it can learn to 
protect itself against future COVID-19 infection. This tech-
nology is used by Moderna and Pfizer-BioNTech, and have 
reported high levels of efficacy- around 95%.²⁰
�   Conclusion
Future directions:
Above all, the coronavirus has affected the majority of 

countries around the world, with some nations being relative-
ly more spared than others. However, many factors can affect 
the number of cases and deaths in countries. As discussed in 
this research paper; the population density of the country, the 
age of the population, immunology, climate, and precaution-
ary measures could potentially help explain the reasons behind 
the disproportionate distribution of cases among countries in 
the world. Factors such as the coronavirus’ persistence based on 
temperature, can help aid in the understanding of how it might 
react and can help develop an understanding of the virus.  These 
factors therefore potentially allow the production of inactivated 
vaccines with the help of heat or formaldehyde. Additionally, 
precautionary measures taken by countries around the world 
can be used as an influential example for other countries and 
people to implement. Nevertheless, some factors cannot be 
changed such as the age of the population and the population 
density of a country. However, this can help us to study and 
comprehend how individuals and age groups are affected, as 
well as the environments people live in. The foregoing factors 
that were included in this paper are only a few of many reasons 
and factors that affect the spread and mortality rate of the virus. 
Despite this, more information and relating factors would be 
able to provide additional details and information to assist in 
the understanding of a phenomenon such as COVID-19. For 
the foreseeable future, more information would assist in the 
development of cures, vaccines, and precautionary measures 
and help prevent a phenomenon similar to this from occurring 
again.
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