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EDITOR'S NOTE
Few  wo u l d  h ave 
anticipated that a 
small outbreak of 
a local pneumonia 
i n  Wuhan  wou l d 
spread to become 
a global pandemic, 
marking a turn of the 
world. Regardless 
of any circumstance, 
t h e  C O V I D - 1 9 
crisis has affected, 
literally, everyone. 
We , the  Luc id i t y 
team was also not 
a n  e x c e p t i o n  o f 
t h i s  un fo r tuna te  

 

c ircumstance--we had to undergo 
massive changes in our original plans. The 
Lucidity CCA was unable to function due 
to school closure; absence of the physical 
presence of team members ruptured 
efficient communication. However, as 
crisis breeds opportunity, we decided 
to actively exploit this circumstance 
as an opportunity for ourselves. We 
went massive renovations in our online 
infrastructure--our website, mailing 
system, subsription system--all of which 
have been changed for the better during 
the quarantine t ime . Furthermore , 
as people became increasingly active 
online during the quarantine period, we 
contacted NLCS Dubai and its medical 
society, which provided us with ever 
more diverse and insightful perspectives 
that were unavailable domestically. 

The Marketing department and ICT 
department also aided us technologically 
by allowing us to download Adobe Indesign; 
individual societies contributed to provide 
their own expert knowledge in their 
respective fields. 
Armed with all of these gadgets, Lucidity 
today brings to you an ever more relevant 
issue 6--"Science and Contagion." While 
science continues to progress and debilitate 
many of the viruses that have threatened 
our very existence, the war with viruses 
seem to never end. 
But why has this conflict persisted for 
centuries? Also, what is the one thing that 
makes some fights harder to fight than 
others? Find out the answers and new 
questions in this current issue--which I say, 
is arguably the best among all of which we 
have published since now. 

- Sean Yoon, Minseo Cha
Editors-in-Chief
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Since 2017, Lucidity has brought you the most intriguing and 
innovative news in the field of sciences. 
Visit https://nlcslucidity.wixsite.com/nlcslucidity for more. 

Informative
articles.

Process of
Infection
Writer: Jiho Ha
Editor: Hyeyeon Angela Seo

This article will be focussing on the process 
of infection for COVID-19. Starting from the 
social interactions causing the spreading of 
the virus (person to person) to the cellular 
matter and how the virus internally invades 
the body. The infection process separates into 
four sectors; 1) Virus before being inhaled 2) 
After inhalation 3) Cellular infection Process 
of replication 4) Symptoms caused by the 
infection.

Virus before being inhaled
Coronavirus is a flu virus, which may cause 
symptoms such as shortness of breath, 
fever, coughing, and high heart rate. It is ‘not’ 
a new virus for us humans; SARS(2002), 
and MERS(2014)  are all different types of 
Coronaviruses, 

just like COVID-19. Viruses that originate 
f rom an imals  are ca l led zoonos is , 
and Coronaviruses are one example 
of zoonosis, which is known to have 
originated from bats. Coronaviruses 
naturally don’t cause significant effects on 
humans (Viral rhinitis, Viral pharyngitis, 
Viral laryngitis). Yet, as the virus hops 
to an intermediate host, the virus may 
mutate and become unpredictable and 
threatening to humans. 
Especially for COVID-19, the process of 
infection is predicted to be:
Bat (primary) — Intermediate host 
(Pangolin) — Mutated —   Human 
Therefore as the virus mutates enough 
through some animal reservoir, the 
COVID-19 is known to cause severe 
symptoms. Similarly, MERS 2012 (Middle 
Eastern Respiratory Syndrome) is 

fig.1. Modes of Transmission

In 2015, Bil l Gates predicted, "If 
anything kills over 10 million people in 
the next few decades, it is most likely 
to be a highly infectious virus rather 
than a war." Dr. Michael Osterholm, an 
expert in epidemiology, also speculated 
on an uprising pandemic in the near 
future. In his book 'Deadliest Enemy', 
his predictions vividly reflect the 
current unprepared society altering 
economic devastation, political clashes, 
and lack of control over citizens. What 
is so dangerous about Coronavirus 
that it is causing all these restrictions? 
When can we return to normal? And 
why weren't we prepared? 

articles.
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Informative
articles.

predicted that the intermediate host were camels that infected humans.
Bat (primary) — Intermediate host (Camel)  — Mutated —   Human 
For SARS 2002 (Severe Acute Respiratory Syndrome), civets were the intermediate host. 
Bat (primary) — Intermediate host (Civet) — Mutated — Human 
(fig 1)

Despite still investigating the exact routes of spreading, calculation shows that COVID-19 virus 
transports through droplets. Fecal- Oral route is one example which passes the virus via ‘touching’ 
if the hands are not washed after using the restroom. As the virus is mobile over droplets (urine 
& faeces), it may stay in the hands after using the restroom. To prevent further infection, washing 
hands regularly is essential. Secondly, Respiratory Droplets (Fig. 2) are another way to spread 
the virus. Through coughing, droplets of saliva can travel up to 1.1 meters, while surviving in the 
atmosphere for up to 3 hours. Thus just being in the same place with the infected person, after 
an hour or two, may cause infection as people might inhale the free virus. 

fig.2. Projection of Droplets

Through coughing, 
droplets of saliva can travel up to 1.1 meters, 

while surviving in the atmosphere for up to 3 hours." "

1.1 Mrticles.
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Superbugs and 
Antibiotic Resistance

Writer: Junyeong Alex Kim
Editor: Hyeyeon Angela Seo

A n t i b i o t i c s  a re  d r u g s 
c rea ted  spec i f i c a l l y  to 
control and kill bacteria. It 
was discovered in 1929 and 
it has been in use since the 
1940s. In the earlier stage 
of development, the speed 
of new antibiotics being 
discovered was fast enough 
so that the bacteria was not 
able to develop resistance 
aga inst  them. However, 
more recently the tides 
have changed. As each year 
passes, the development of 
antibiotics is getting slower 
and slower.  The Path of 
Least Resistance, a report 
published in 1998 by the The 
Standing Medical Advisory 
Committee (SMAC), says: 
”Now, in the closing years 
of the century, there is an 
uneasy sense that micro-
organisms are ‘getting ahead’ 
and that therapeutic options 
are  narrowing .” (SMAC , 
1998) But even now, after 
22 years , humanity  has 
yet to tackle ant ib iot ic 
resistance.
Above all , we must first 
ask  the quest ion , what 
is antibiotic resistance? 
Antibiotic resistance is a 
change in the bacteria, so 
that they are no longer 

affected by antibiotics. This 
means that the bacteria 
cannot be treated by certain 
types of antibiotics and are 
able to reproduce inside the 
patient’s body. When this 
happens to several types of 
antibiotics, these are called 
‘superbugs’. This makes it 
more difficult for infections 
c a u s e d  b y  a n t i b i o t i c 
resistant bacteria to be 
treated, and can sometimes 
be impossible to treat. This 
usually means that patients 
mus t  s t ay  i n  hosp i t a l s 
longer, must make more 
visits to the doctor and 
use alternative antibiotics 
that are more expensive 

or possibly toxic. However, 
antibiotic resistance causes 
an increase in mortality 
globally as humans have a 
smaller variety of choices of 
treatment and prescriptions 
t h a n  b e fo re . A n nu a l l y 
superbugs infect more than 
2.8 million people, and kill 
more than 35,000 people. 
Antibiot ic res istance is 
caused naturally and can be 
slowed but it is impossible 
to be stopped. This happens 
through natural selection 
over time. For example in a 
population of a certain type 
of bacteria, the group mainly 
consists of nonresistant 
bacteria where there is a 
couple of bacteria that are 
resistant. This could happen 
by chance through random 
mutation in the bacteria. 
However after an antibiotic 
i s  a dded , mos t  o f  t h e 
nonresistant bacteria would 

fig.1. Estimations of deaths from antimicrobial resistant infections 
and other causes in 2050 (Statista, 2020)

Designer: Sean Yoon
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Informative Article

fig.2. Comparison of R0  between different viruses

be  dead  and  the  re s i s t an t 
bacteria would survive. If the 
same type of antibiotics is used, 
the resistant bacteria would be 
able to reproduce and increase 
in number while the nonresistant 
bacteria would not be able to do 
so. Consequently, the population, 
at the end, would mainly consist 
of resistant bacteria. (RxList, 
2020)
Although antibiotic resistance 
happens naturally, human behavior 
is causing this phenomenon 
to increase in speed. Despite 
being helpful for humanity when 
used properly, many antibiotics 
prescribed are unnecessary and 
this helps create superbugs. 
Misuses of antibiotics include 
using it against viral infections as 
antibiotics do not affect viruses. 
If you take an antibiotic for the 
flu, which is a viral infection, the 
drug harms the viruses that are 
making you sick, but it’ll damage a 
wide variety of bacteria including 
“good” bacteria used such as 
those for food digestion or 
preventing infections. The few 
“bad” bacteria that are tough 
enough to survive the drug 
are able to grow and multiply.  
Examples are when people take 
antibiotics unnecessari ly, or 
adding antibiotics into food for 
animals. This all creates similar 

effects, spreading up antibiotic resistance.
There are multiple actions that individuals can take to 
stop the spread of superbugs. The most simple way 
is by only taking antibiotics when needed and taking 
them properly. Individuals shouldn’t insist on antibiotics 
when there are alternate methods advised by health 
care experts.(NIH News in Health, 2020) They can 
also prevent their infections to begin with by regularly 
washing hands, cooking food 
properly and hygienically, 
vaccinating, avoiding 
contact with 
the sick, 
and having 
safer sex. 
For 
the 
WHO, 
it is a 
high 
priority 
to tackle 
antibiotic 
resistance. 
At the 
World 
Health 
Assembly 
in 2015, a 
global action 
plan on antimicrobial 
resistance was 
endorsed. The plan 
aims to prevent and treat 
infectious diseases with safe 
and effective medicines. (WHO, 2020)

We are at the edge of a post-antibiotic era where minor injuries and infections can kill again like 
the pre-antibiotic era. Some diseases are already in danger of acquiring full antibiotic resistance; 
Two of the most urgent threats are C.difficile and N.gonorrhoeae. To stop this, we must tackle 
antibiotic resistance. For this to happen, we must show a global effort in changing the tide. Some 
argue that the post-antibiotic era is already here and the problem is urgent. (Vox, 2020)

Annually superbugs infect more than 2.8 million people,
 and kill more than 35,000 people. 



10

Informative Article

Comparison of 
DNA and RNA Virus

Writer: Jiwoo Shin
Editor: Hyeyeon Angela Seo

Viruses, tiny creatures that are million 
times smaller than humans, have arisen 
as a substantial threat to human lives. 
As an example, the recent pandemic 
COVID-19 that started from Wuhan, 
China in December 2019 has become a 
colossal crisis for the entire world and still 
there are no apparent vaccines or antiviral 
treatments invented. In this article, we 
would like to find out why it is so difficult 
to make a vaccine for COVID-19 by 
comparing DNA and RNA virus.
Viruses have very small genomes, so they 
don’t have much capability to do something 
by themselves; Instead, they must enter a 
host cell to survive. The genome of DNA 
virus is bigger than that of RNA virus, so 
DNA virus can code up to hundreds of 
viral proteins but RNA virus can only make 
a few proteins. Therefore, the method of 
conquesting the host cell differs between 
the two. DNA viruses have developed to 
combine the host’s DNA sequence with 
their large genome through evolution so 

they know how to use the metabolism of the 
host cell and replicate by themselves. However, 
RNA viruses only know how to communicate 
with the host cell by PHIs. They can not 
replicate by themselves but inject specific 
protein-binding RNA into the cytoplasm of the 
host cells and replicate only the viral proteins.
DNA and RNA viruses can both be single-
stranded or double-stranded. However,  DNA 
viruses are mostly double-stranded where 
most RNA viruses are single-stranded. Single-
strand is more unstable than double-strand. It 
can easily get cut, remixed or mutated. Hence, 
RNA viruses are more likely to have a higher 
and quicker mutation rate than DNA viruses. 
This makes scientists hard to make vaccinations 
for RNA viruses because new mutated versions 
of virus are continuously produced and it is 
impossible to make new vaccines every time 
a mutated virus appears. COVID-19 is also 
a single-stranded RNA virus which mutates 
actively. Therefore, the biological reason why 
there are still no apparent vaccinations for 
coronavirus pathogens, SARS, MERS, and 

Designer: Sean Yoon
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COVID-19, is because they produce new mutated viruses rapidly. Furthermore, another 
realistic reason that makes it hard to make vaccines for coronavirus is because it generally 
requires several years, trillions of money, and a lot of scientists involved to make one 
vaccine Once the scientists make a single vaccine or medicine, they have to check all the 
safety, toxicity, and side effects by numerous clinical tests. It even takes more time to get 
approval from the government ministry and actually supply it to people. Therefore, it takes 
too much time to discover the vaccination and develop it in actual life, which means we 
can’t follow the rapid pace of the spreading and mutating virus. Even though scientists have 
gone through all the procedures and succeeded in making the vaccine, it would have taken 
such a long time that the actual crisis of the pandemic might have already settled down.

fig.1.  How a DNA virus 
(‘bacteriophage’ as an example of DNA virus in the diagram) 

infects the host cell

fig. 2. How a RNA virus 
infects the host cell

Informative Article
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Unless you’ve been hiding 
ou t  i n  a  remote  c ave 
without internet access, 
you’ve probably spent the 
last few weeks increasingly 
worried about the novel 
coronavirus, which caused 
the COVID-19. The word 
pandemic bandied about in 
the midst of this coverage, 
alongside comparisons to 
the 2009 H1N1 swine flu 
or the 1918 outbreak of 
Spanish influenza. The term 
pandemic seems to feel 
like a scary label, conjuring 
up images of Hollywood-
style apocalyptic doom. 
Utterly understanding its 
definition can take us to the 
next step: predicting the 
movement of a pandemic 
and preventing it. 

The  t e rm ep idem ic  i s 
frequently mentioned in 
the media. According to the 
Centers for disease control 
and prevention, an epidemic 
is an often-sharp increase 
in the number of cases of 
a disease, either a known 
disease or a novel one, 
compared with what would 
be normally expected in a 
particular population of a 
given part of the world. If 
other parts of the world 
also start to experience 
epidemics of that equivalent 
disease, the situation can 
turn  i n to  a  pandemic . 
Erin Sorrell, a member of 
Georgetown University’s 
Center for Global Health 
Science and Security, and 
an assistant professor of 

CAN PANDEMICS BE STOPPED

microbiology said, “From 
purely an epidemiological 
perspective, a pandemic 
is an epidemic that has 
gone global” . “The key 
term in order to qualify 
something as a pandemic 
is a global transmission, 
global spread,” she added. 
The word pandemic, on 
its own, however, doesn’t 
te l l  us anything about 
how serious the impact 
of the disease wil l  be . 
Pandemics can be both 
mild and severe, depending 
on the disease itself. The 
most recent pandemic, for 
example, was in 2009 with 
the global spread of the 
H1N1 strain of influenza. 
W h i l e  t h e  o u t b r e a k 
formally reached pandemic 

Writer: Hyena Yeom
Editor:  Angela Seo

Informative Article
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?

pandemic levels by spreading 
across the globe, the disease 
had a mild impact in many 
countries.  

So, the key question is how 
do you stop a pandemic? 
Simonsen says, “You don’t”. 
Once a disease reaches 
that level of transmission, 
there is no way to stop the 
spread completely. However, 
in the midst of a public 
health emergency outbreak, 
especially ones in which 
an infectious disease can 
spread in a population that 
does not have immunity to 
that disease, the speed of 
the response is paramount, 
and when there is no cure 
or vaccine available, non-
pharmaceutical interventions 
play an even more critical 
role. 

S u c h  i n t e r v e n t i o n s 
i n c l ude  a ny t h i n g  f rom 
early detection and travel 
restrictions, to isolation, 
s o c i a l  d i s t a n c i n g  a n d 
reducing human-to-human 
contact. Analysis of how 
the coronavirus outbreak 
emerged in China suggests 
that without such measures, 
mainland China could have 
seen a 67-fold increase in the 
number of people infected. 
But while this implies that 

such kinds of interventions 
can be highly effective, 
the same study also found 
that  i f  they had been 
introduced one, two or 
three weeks earlier they 
could have had an even 
greater impact, reducing 
cases by 66%, 86% and 
95% respectively. Equally, 
introducing them later 
could have led to a 3-fold, 
7-fold and 18-fold increase 
in cases with each week 
of delay.

L e t ’s  l ook  a t  i t  i n  a 
broader approach. When 
looked at individual ly, 
i t  i s  less  c lear  which 
n o n - p h a r m a c e u t i c a l 
interventions are most 
a p p r o p r i a t e  a s  t h i s 
can depend upon the 
particular circumstances. 
Enforcing restr ict ions 
on travellers to prevent 
the spread of infectious 
d i s e a s e  d a t e s  b a c k 
hundreds of years and in 
fact has its roots in origins 
of the word quarantine: 
stemming from the Italian 
for “forty”, the number 
o f  day s  sh i p s  had  to 
wait before entering a 
por t  when suspected 
of carrying contagious 
disease . As a strategy, 
restricting travel can be 

CAN PANDEMICS BE STOPPED

a highly effective means 
of preventing the spread 
of disease , part icularly 
for island communities. 
During the 1918 Spanish 
flu pandemic , American 
Samoa completely escaped 
the disease through a mix 
of strict quarantine for 
travelers and travel bans 
wh i l e  Wes tern  Samoa 
did not impose similar 
measures and suf fered 
many deaths from influenza. 
Restricting travel of animals 
to the UK has helped it to 
remain rabies-free for over 
a century, since the virus 
does not circulate among 
domestic or wild animals. 
The only exceptions are 
some species of bat, which 
are  known to  carr y  a 
European rabies-like virus. 
The cautionary tale here is 
that such travel restrictions 

Designer: Sean Yoon
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must essentially total to 
prevent the importation of 
disease - protecting ports 
won’t necessarily prevent 
disease finding another way 
in, in this case with bats 
flying in from Europe. 
 
The long-grass approach 
might be more effective 
in the long run. This tactic 
focuses attention on early 
detection, containment of 
people infected and follow-
up with those known to 
have come into contact 
w i t h  t hem , t o  one  o f 
delay, aimed at slowing 
the spread. At first glance 
this tact ic may seem a 
little defeatist, but there 
are genuine merits to it. 
This approach can include 
anything from a simple 
as encouraging people to 
wash their hands regularly, 
to  measures  a imed  a t 
promoting social distancing, 
such as through the closure 
of schools, colleges and 

potentially be very effective 
at delaying this, since the 
majority of interactions for 
20 to 50 year olds happen 
in the workplace, and for 
over 60 seconds outside 
the home. 

Potentia l ly s lowing the 
spread of the virus carries 
several possible benefits. 
First, it may help delay the 
peak outbreak until warmer 
m o n t h s , s i g n i f i c a n t l y 
reducing the burden it 
places on health services 
currently already dealing 
with seasonal flu. Slowing 
the outbreak could also 
spread the impact  out 
over a longer period, again 
reducing the burden on 
health systems. And by 
buying more time, more 
in format ion about  the 
virus may become available, 
or even treatments and 
vaccines. 

So, the key question is 
how do you stop 
a pandemic? 
Simonsen says, “You don’t”. 
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Expert Column

Various Ways of Modelling Diseases
Curve and line fitting
Curve fitting, as its name suggests, is to 
adjust the equation of a curve so that it 
approximates the given data in the best 
possible way. In fact, this concept is not 
new--it is simply an extension of the “best 
line of fit” that we learn in math classes; 
the only difference would be that these 
curves are more likely to be exponential 
or logarithmic, considering the very nature 
of contagion. 
However, th is  does not  mean that 
linear graphs have no place in modelling 
contagions; even exponential curves can 
be shifted into a linear graph by using a 
logarithmic scale. After such conversion, it 
is possible to simply create a line of best 
fit--which by definition, must minimize 
the total square deviation for each data 
point. More rigorously, for a line of best fit 
y=ax+b and dataset (x1,y1), ..., (xn,yn), 
we must minimize 

In fact, we can compute the a, b values in 
this case, as to minimize D(a,b) would be 

Contributed by 
the Math Society

Writer: Sean Yoon
Editor: Minseo Cha

Disclaimer: The equations 
might look daunting, but 
the concepts are really not, 
so don’t get scared by the 
equations. 

S(t)
Susceptible
Those who are not infected

I(t)
Infected
The infected and 
contagious population

In the case of some diseases, 
immunity is not permanent

to find the values of a and b such that 

Although the two equations look scary, note 
that they are simply two equations with two 
unknown variables, a and b. Thus, we can obtain 
the value of a and b. 

Compartmental models of 
epidemiology
A compartmental model, on the other hand, 
assigns people to a different compartment 
named with a specific variable, thereby enabling 
accurate prediction of their behaviors. 
Among these, the SIR method is perhaps 
the most classic but also one of the most 
effective measures of modelling diseases. 
SIR is an acronym for Susceptible, Infected, 
and Recovered--the three groups of our 
society that share mutual relationships. (fig. 1) 
With the entire population, some would be 
susceptible, the population that can be infected; 
some would be infected (which is quite self-
explanatory); and some could be recovered, 
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which would be the population that 
would not be infected thanks to the 
immune system and memory cells. 
Then, for each of these groups, we 
will be able to create a formula that 
represents the population of each 
group at time t. Using this formula, 
we would be able to accurately 
predict the future of an outbreak.
The SIR model can be further 
improved by express ing each 
variable as a differential equation. 
F i rs t , for  a  g iven t ime t , the 
susceptible, infected, and recovered 
population would be represented 
as S(t), I(t), R(t), while the entire 
population would be 

S(t)+I(t)+R(t)=N.
We then assign other variables 
β and γ. β would represent the 
average number of contacts per 
person at a time, multiplied by the 
chance that the contacted individual 
would get the disease. Naturally,  β 
would be the power of infection of 
the disease. γ, then, would quantify 
the transition rate between the 
infected and recovered subjects. 
That is, if a disease takes D days to 
cure, γ would be 1/D. 

 

fig.1. Vital dynamics
of a SIR model

Infected
The infected and 
contagious population

R(t)
Recovered
Those who gained 
active immunity

n the case of some diseases, 
immunity is not permanent

With all of these in mind, 
from S(t)+I(t)+R(t)= N, 
because N is a constant, 

Then, for the susceptible 
population, the number that 
decreases would equate to 
the power of infection of 
the disease by the number 
infected, since that would be 
the number of susceptible 
people that contact with 
the infected and receive the 
disease. Then, the rate of 
change would be obtained 
by multiplying the ratio of 
the susceptible population to 
the entire population to that 
value. Thus, 

For the infected population, 
-dS/dt would simply be the 
rate of increase. But note that 
we must subtract γI, which 
is the people that would 
recover at time t. Thus, we 
get

Finally, 

With the four equations, we 
can obtain the solution of the 
differential equations, allowing 
us to model the future of 
diseases with high accuracy. 
A classic graph of the SIR 
model in regards to time t 
would look like the following 
graph. (fig. 2.)
In the case of a long-lasting 
outbreak such as HIV, the 
equation may be modified to 
include age a, changing the 
equations to 

and the same would apply to 
I and R. 
Yet, a simple SIR model does 
not apply to all diseases. 
That is, some viruses might 
not be infectious during the 
incubation period, or some 
might only be able to develop 
temporary immunity. Thus, 
various models such as the 
SEIR, SIS, MSEIR method are 
incorporated to calibrate the 
inaccuracies that the unique 
characteristics of a certain 
virus could cause. 

fig.2.. Graph of a SIR model 
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COVID=19?

This COVID-19 outbreak 
is special. While there is 
no vaccine yet, the disease 
seems to  not  con fer 
long-lasting immunity. In 
fact, it is unclear as to 
whether immunity can 
be granted in the case of 
COVID-19. Numerous 
p e o p l e  h a v e  b e e n 
deceased, and contagion 
seems to happen even 
in the incubation state. 
Some patients even do 
not report any symptoms. 
Also, the chance of the 
outbreak becoming a 
pandemic a lso seems 
plausible, and national 
healthcare infrastructure 
would also take a role in 
preventing the spread of 
the disease. 

Thus, it can be stated 
t h a t  i n  m o d e l l i n g 
C O V I D - 1 9 , a n  S I S 
model that integrates 
other  compar tments 
t h a t  m o d e l  a g e  a n d 
socioeconomic status 
is necessary. However, 
the unique characteristic 
o f  C OV I D - 1 9 - - n o n -
s y m p t o m  p a t i e n t s - -
s eem to  nece s s i t a t e 
the creation of a new 
model that would also 
take this substantial ly 
dangerous populat ion 
into consideration. 

Quarantine

Contributed by 
the Psychology Society

Writer: Elysia Bae
Editor: Sean Yoon

It’s no fun when your feet 
are tied to the house on 
a rainy day. Extend that 
per iod to who-knows-
how-long and you may 
feel as if you want to jump 
off the walls! There have 
been numerous reports 
where people were caught 
outside their houses during 
lockdown or going out with 
their friends at the risk of 
being infected. It seems as 
if humans aren’t wired to 
stay in isolation for so long. 
Psychology can help explain 
the reason behind that. 

O n e  b i g  r e a s o n  w hy 
quaran t i ne  and  soc i a l 
isolation is so hard for us 
is because humans are , 
by nature, social beings. 
The  most  we l l  known 
evidence to support this 
is the experiment done in 
1944, with Fritz Heider and 
Mary Simmel’s animation of 
two triangles and a circle 
orbiting a rectangle. While 
the animation merely of 
shapes, participants of the  
consists nearly impossible 

Expert Column

not  to  i n te rpre t  these 
objects as human beings and 
tried to construct a social 
narrative explaining their 
movements. (Heider and 
Simmel, 1944) We even see 
shapes through social lenses. 
We’ve evolved into social 
beings, as cooperation with 
each other enhanced our 
ability to survive under harsh 
circumstances. Although 
‘ s u r v i v a l  t h re a t s ’  h ave 
lessened nowadays, our brain 
is stimulated when we feel 
like we belong.

Unfortunately, quarantine 
could end up causing more 
damage than we think. A 
study from medical journal 
‘The Lancet’, indicated that 
it could result in a range 
of  menta l  hea l th  i ssues 
— starting from insomnia 
to post-traumatic stress 
disorder (PTSD). (Pereira-
Sanchez et al., 2020) While 
you might be thinking PTSD 
is too extreme, this wasn't 
the first study that showed 
these results. During the 
SARS outbreak in 2003, 
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Quarantine FrĘnŽÿ
The

Stop 

be great supporters to help 
you through this situation. 
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approximately 19% of the  
quarantined patients suffered 
PTSD. (Wu et a l . , 2009) 
Fears of infection, boredom, 
inadequate supplies, news 
about the disease (or the 
lack thereof), and financial 
loss all contribute as factors 
that cause mental health 
concerns. 

Enough gloomy talk, though. 
Psychologists have predicted 
that  th i s  exper ience o f 
social isolation could lead 
to positive psychological 
growth. In other words, 
what doesn’t kill you really 
does make you stronger. On 
one hand, a significant crisis 
can cause post-traumatic 
stress. Yet within that crisis, 
there i s  a l so a  pos i t ive 
response called ‘adversarial 
growth’. (Joseph and Linley, 
2005) This is our ability to 
grow stronger and more 
resilient. When facing a dire 
situation, the adrenal gland 
releases hormones to make 
our body respond in two 
ways: ‘fight’ or ‘flight’. But 
humans are able to train 

themselves to jump into the 
‘tend and befriend’ response 
that  re leases hormones 
like oxytocin instead. This 
response encourages us to 
build and maintain our social 
re lat ionsh ips  to reduce 
stress and anxiety.

Additionally, there are steps 
that you can take to get a 
hold of your mental health 
during this peculier period. 
The first step to take is 
to combat boredom. You 
could do this by creating 
(and sticking to) a routine. 
This will give you a sense of 
normality and productivity. 
Starting a new hobby or 
catch ing  up in  the  new 
Netf l ix series you were 
eyeing will also help distract 
your mind from the crisis. 
You should also be taking 
time to care for yourself, 
both physically and mentally. 
Eat healthily, get plenty of 
rest, and try to exercise daily. 
Finally, established from the 
paragraphs above, you should 
try to remain in contact with 
friends and families. They can 



Due to the rapid evolution 
of microbes, the modern 
pharmaceutical industry 
takes an increasingly larger 
par t  in  prevent ing  and 
treating diseases. However, 
in times of crisis, which 
are  when  peop le  need 
he lp  f rom i t  the  most , 
the industry often fa i ls 
to do so. This is largely 
because the statistically 
a n d  m e t h o d o l o g i c a l l y 
shoddy researches deceive 
d e s p e r a t e  p a t i e n t s , 
credulous doctors , and 
nescient journalists.

Recently, Vladimir Zelenko, a 
family medicine specialist in 
New York, claimed to have 
had “100% success” treating 
699 patients “infected by 
coronavirus” with a cocktail 
o f  hydroxychloroquine , 
azithromycin, and zinc. In 
reality, most of his patients 
weren’t even tested for 
COVID-19, the study was 
not randomized nor had 
a  p lacebo control  arm. 
Without the process of 
submitting his study for 
peer  rev i ews , he  took 
i t  s t r a i gh t  to  Rudo lph 
G i u l i a n i , t h e  c u r r e n t 
personal lawyer of President 
Tr u m p . A f t e r  G i u l i a n i 

s h a red  t he  s t udy  w i t h 
the president, he tweeted 
“ H y d r o x y c h l o r o q u i n e 
has been shown to have 
a  1 0 0 %  e f f e c t i v e  r a t e 
t r e a t i n g  C O V I D - 1 9 .” 
To stop this mis leading, 
t h e  A m e r i c a n  M e d i c a l 
Association joined with two 
other major health groups 
and i ssued a  s tatement 
urging “extreme caution” 
to  doctors  prescr ib ing 
hydroxychloroquine until 
data from “robust clinical 
trials” are available.

Clinical Research 
During Disease 
Outbreak
Contributed by 
the LSBT Society
Writer: Clara Taehyun Kim
Editor: Moojo Joe Kim

Clinical Research?

Clinical trial is a type 
o f  s t u d y  i n  w h i c h 
participants are allocated 
to groups that receive 
one or more intervention, 
or no intervention so 
that  researchers  can 
assess  the  e f fects  o f 
the inter vent ions on 
b i o m e d i c a l  r e s u l t s . 
C l i n i c a l  t r i a l s ,  a s 
wel l  as researches in 
epidemiology, physiology, 
and pathophys io logy, 
fall under the umbrella 
of clinical research, the 
study of health and illness 
in people. From many 
di f ferent elements of 
scientific investigation 
descr ibed by c l in ica l 
research, we learn how 
to prevent, diagnose, and 
treat illnesses. Simply put, 
clinical research involves 
human participants to 
help apply and translate 
b a s i c  i n v e s t i g a t i o n 
done in labs into new 
treatments that would 
benefit patients. 

“Which potential 
therapeutic agents 
or vaccines should 
we test? How 
should we design 
the clinical trials?”

Before implementing clinical 
trials, researchers initially 
contemplate two questions, 
“Which potential therapeutic 
agents or vaccines should 
we test?” and “How should 
we  d e s i g n  t h e  c l i n i c a l 
trials?”. Researchers then 
identify candidates for trials, 
by looking at the disease-
specific agents in the early 
stages of development and 
existing drugs that have 
been repurposed. Clinical 
investigation determines the 
efficacy and safety of the 
intervention for the patient 
populat ion. The cr iter ia 
regarding the minimum levels 
of evidence required for an 
agent to be considered for 
the trials must be set early; 
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as fewer agents proposed, 
more thorough data would 
be available on the more 
promising ones.

The randomized controlled 
trial, RCT is regarded as 
the  most  e f f i c i en t  and 
reliable design for evaluating 
the efficacy and safety of 
intervent ions. I t  avoids 
selection bias, improves 
comparability between the 
experimental and control 
arms, and permits val id 
s t a t i s t i c a l  approaches . 
This  permits  a  re l iab le 
assessment of the likelihood 
of observing differences in 
results between arms to be 
due to chances. 

In an RCT, pat ients are 
allocated to an arm of the 
study indiscriminately. Here 
the “arm” refers to a group 
of participants in a clinical 
tr ia l . There are severa l 
types of arms, experimental 
arm, comparator arms , 
and standard-of-care arm. 
Experimental arm is a group 
that receives the agent that 
is the focus of the study, the 
investigational treatment or 
vaccine. Control arms, which 
are also called comparator 
arms, are groups that do not 
receive the investigational 
treatment or vaccine. This 
arm d iv ides  into three 
subgroups, the active arm, 
placebo arm, and sham arm. 
The participants of the first 
subgroup, active arm would 
receive an intervention 
that is considered to be 
effective but is not the 

investigational treatment. 
To illustrate, the vaccine 
for hepatitis would be used 
instead of  the product 
under investigation. The 
participants of the second 
subgroup, p l acebo arm 
would receive a placebo 
w h i c h  i s  a n  i n a c t i v e 
treatment that looks and 
is given in the same way as 
intervention being studied. 
The participants of the third 
subgroup, sham arm would 
receive a procedure that 
appears to be the same 
as the actual procedure 
being studied but does not 
contain active components. 
The standard-of-care arm, 
which is also called a no 
intervention arm, is a group 
that does not receive any 
interventions during the 
clinical trial.

The trial analysis depends 
on the design of the clinical 
trial. Inventions are often 
staggered, which allows the 
regular interim analysis to 
attain a rash identification 
o f  h i g h l y  e f f e c t i ve  o r 
harmful treatments. This 
lets researchers terminate 
a  s t u d y  e a r l y. H e n c e , 
t h e  s t a t i s t i c a l  t e s t i n g 
c o n s t r u c t e d  t o  avo i d 
increasing the false positive 
rate to interim monitoring 
is widely used.

The clinical research always 
has to be scientifically valid 
and ethically acceptable, 
re s p e c t i n g  t h e  r i g h t s , 
interest , and autonomy 
of participants. Especially 

for stakeholders in the 
case of a newly discovered 
infectious disease outbreak, 
decent information must 
be provided to put them in 
a better position. It would 
enhance the understanding 
of the potent ia l  s tudy-
p a r t i c i p an t s , a nd  he l p 
i n  m a k i n g  a  d e c i s i o n 
regarding the use of new 
interventions. Researchers 
a l s o  p r e f e r  u t i l i z i n g 
RCTs, as  the uneth ica l 
possibility of patients to 
take unproven, potentially 
unsafe medication outside 
the controlled environment 
of the trial is ruled out. 
Lucki ly  unl ike previous 
diseases such as HIV and 
malaria, the coronavirus 
does not mutate rapidly. 
Thus, most experts remain 
confident that a vaccine for 
COVID-19 would eventually 
be developed. 
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When a person inhales a 
virus, his or her primary 
defense system--the nasal 
hairs--are ineffective due to 
the miniscule size of a virus. 
With this infiltration, the 
virus ends up in the alveoli, a 
consists mainly of two types. 
The type 1 pneumocytes 
are where the pr imary 
function of gas exchange 
takes place, whereas type 
2 pneumocytes are the 
locat ions  that  produce 
surfactant to decrease the 
surface tension within the 
alveoli, which prevents the 
collapsing of its round shape. 

Enzyme type two), located 
on the surface of the Type 
2 pneumocytes. The binding 
process allows the cell to 
engulf the virus. (fig. 1)

Cellular infection 
- process of replication
Once the virus has entered 
the cell, it may release its 
RNA into the host cell's 
cytoplasm. This opens up the 
route for the virus's RNA 
to directly use the host 
cell's ribosomes, allowing 
t r a n s l a t i o n  t o  o c c u r : 
Converting single-stranded 
RNA to polyproteins.
T h e s e  p o l y p r o t e i n s 
need  to  be  conver ted 
into components of the 

may manipulate an enzyme 
ca l led "RNA dependent 
R N A  p o l y m e r a s e "  t o 
synthesize copies of RNAs. 
These  RNAs  produced 
from the 'RNA dependent 
R N A  p o l y m e r a s e '  c a n 
combine with the protein 
components which were 
converted by the proteinases 
to ultimately recreate copies 
of the original virus which 
has entered the cell. 

Symptoms caused by 
the infection
With i n  t he  p roce s s  o f 
replication, these type 2 
pneumocytes are destroyed. 
As the virus causes damage 
to the type 2 pneumocytes, 
they release inflammatory 
mediators into the alveoli. 
T h i s  p ro c e s s  d i r e c t l y 
stimulates the macrophage, 
w h i c h  c a n  b e  l o c a t e d 
ins ide the a lveol i . Then 
macrophage secretes specific 
cytokines(peptides), which 
causes tons of problems 
inside the human body. 
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fig.1. Diagram of s.spikes binding with the ACE2

Enzyme type two), 
l oca ted  on  the 
surface of the Type 
2 pneumocytes . 
T h e  b i n d i n g 
process allows the 
cell to engulf the 
virus. (fig. 1)

C e l l u l a r 
infection 
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Cytokines released from 
the macrophage
- Interleukin 1 (IL-1)
- Interleukin 6 (IL-6)
- Tumor Necrotic factor 
alpha (TNF-a) 

When  these  cy tok ines 
are released, they tend 
t o  d i s s o l v e  i n t o  t h e 
bloodstream, causing the 
smooth muscles (structures 
which circularly hold the 
bloodstream) to undergo 
dilation, which ultimately 
triggers the endothelial cells 
to contract to allow high 
capillary permeability.
The  h i gh  pe rmeab i l i t y 
would lead plasma from the 
bloodstream to leak out 
to the interstitial spaces 
and potential ly into the 
alveoli . In this situation, 
many problems would alter 
as a domino effect. Firstly, 
as the alveolar internal 
inf lammation increases, 
it would drown out the 
s u r f a c t a n t , i n c re a s i n g 
the surface tension (the 
surfactant sustains the shape 
of the round alveoli). This 
would lead to high pressure 
on the alveoli, collapsing it's 
round shape. 

symptoms such as coughing, 
fever, or fatigue.   

There are several ways that 
people infect each other 
wi th  cov id  19 , such  as 
droplets, which is the most 
common way of infection. 
When people sneeze or 
cough, the contaminated 
saliva flies through the air 
towards the other peoples’ 
respiratory systems, usually 
the mouth and the nose. 
Another way is surface 
t r ansm i s s ion , wh i ch  i s 
indirect. It is when people 
with the virus touch objects 
with contaminated parts 
o f  the  body and other 
people touch those infected 

surfaces. The main problem 
people faced was community 
spread, when people who 
meet in  the community 
s p r e a d  v i r u s  w i t h o u t 
knowing the other person 
is infected. To prevent these 
community mass outbreaks, 
people should do social 
distancing and try not to 
sneeze or cough into their 
hands, and most importantly 
wear masks. 
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Shortness of breath & 
Problems in breathing

The collapsing shape with 
the water filling inside the 
alveol i  would lead to a 
decrease in gas exchange as 
the fluids cover the surface 
of the cells. However, to 
sustain a certain amount 
of oxygen to enter the 
b o d y  w h i l e  e x c re t i n g 
carbon dioxide, the rate of 
breathing increases as the 
patient begins to experience 
s h o r t n e s s  o f  b r e a t h . 
Nonetheless, the effort of 

fig. 2. Effects of vasodilation 

breathing will 
increase 
for the 

patients
 as they

 will
 need

extra energy required to 
open as by pushing against 
the plasma 
fluid 
located in 
the 
interstitial spaces which 
causes 
pressure 
on the 
alveoli. 
This 
may 
cause 
ARDS 
(Acute 
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R e s p i r a t o r y  D i s t r e s s 
syndrome) to the patient. 

Sudden death
Cytokines released from the 
macrophage also stimulates 
neutrophils to accumulate 
into the alveoli. The function 
of Neutrophils is to destroy 
the virus. They do this by 
releasing reactive oxygen 
spec ies (proteases)  into 
the alveoli. This may cause 
viruses to be destroyed, yet 
also other cells such as type 
1&2 alveolar cells. This would 
again hinder gas exchange for 
the type 1 alveolar cell while 
the breakdown of the surface 
tension for the alveoli would 
occur due to the loss of type 
2 alveolar cells. All these 
reactions may co-occur, which 
may cause sudden death 
due to the lack of oxygen 
provided in the brain. 

Mucus production & 
Coughing
As alveolar cells become 
destroyed by the oxygen 
spec ies  proteases , ce l l s 
tend to accumulate into 
the center of the alveolus 
(collection of fluids, protein 
deposition, cellular debris, 
macrophages, neutrophils), 
leading to consol idat ion 
o f  s u b s t a n c e s . Fo r  t h e 
body, these consol idated 
substances  would be treated 
as pathogens wanting it to be 
removed by mucus. Therefore 
a h igh amount of  mucus 
would be produced as well 
as the action of coughing to 
remove the substances. 

wou ld  decrease , forc ing 
the blood pressure to tank, 
which may cause the patient 
to become hypotensive. This 
would cause a decrease in 
perfusion(providing blood), 
ultimately leading to MSOF 
(MultiSystem Organ Failure).

Lack of blood flow in the 
k idney  wou ld  cause  the 
kidney to hinder the ability 
to filter out urine. This may 
cause substances from the 
kidney to be released, which 
would cause damage . For 
the l iver, the decrease in 
perfusion would cause specific 
inflammatory enzymes to be 
released, damaging the body.

I n f l a m m a t o r y  e n z y m e s 
produced from liver
- AST 
- ALT
- Bili
- Acute phase reactant protein 
(CRP, fibrinogen, Interleukin 6) 

Fever
When Inter leukin 1 & 6 
are produced in lots ,  i t 
can travel via the blood to 
the CNS, especially to the 
bra in hypotha lamus. The 
function of the hypothalamus 
is to control and regulate 
body temperature. A high 
concentration of Interleukin 
1&6 would st imulate the 
hypothalamus to release 
prostaglandins(pge2), which 
would reset the thermostats 
a n d  I n c r e a s e  b o d y 
temperature which would 
ultimately lead to fever, the 
most common symptom of 
flu.

High heart rate & 
Malfunction of the body

When the infection of cells 
starts spreading out to the 
rest of the body, this may 
develop to SIRS (Systemic 
I n f l ammator y  Response 
S y n d ro m e ) , w h i c h  m ay 
potentially lead to septic 
s h o c k . W h e n  s y s t e m i c 
in f l ammator y  responses 
spread out all different parts 
o f  the  body, th i s  wou ld 
cause increased capi l lary 
permeab i l i t y  w i th in  the 
s y s t em i c  c i rcu l a t i on  a s 
fluids will start to leak out 
accumulat ing around the 
tissue spaces. This would lead 
to an overall blood volume to 
decrease, forcing the heart to 
pump blood at a higher rate 
to provide the needed volume 
o f  b lood in  each  organ . 
Moreover, the blood volume 
and the vascular resistance 

Cellular invasion 
is the gateway 
to metastasis, 
which is the 
leading cause of 
cancer-related 
deaths.
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to nearby human residents. 
It later spread to India and 
other parts of Asia, resulting 
in Nipah virus outbreaks 
in 10 separate outbreaks. 
(Anon, 2020)

Animal populations do not 
have to be raised as food to 
pose a contagion threat to 
people. Wetlands that are 
used as wintering areas for 
migrating birds have been 
disappearing in recent years 
and this  has in f luenced 
the  con t a g iou snes s  o f 
avian flu. Ishi Hiroyuki, an 
environmental journalist 
and scientist, stated that 
“Overcrowding of birds 
i n  w in ter ing  a reas  has 
s ign i f i cant ly  ra i sed the 
possibilities for transmission 
o f  v i r u s e s  b y  d u c k s .” 
(Katsuhisa, 2020) 

T h e  v a s t  m a j o r i t y  o f 
modern infectious diseases 
l i k e  C O V I D - 1 9  a r e 
zoonosis – diseases that are 
transmitted by animals. Many 
view this as a counterattack 
b y  m a n k i n d ’s  n a t u r a l 
predator in response to the 
way we have continued to 
exploit nature and take the 
environment lightly. In the 
post-coronavirus era, there 
must be greater attention 
to “One Health” approach 
to animal agriculture – an 
initiative that reconciles 
agr i cu l ture , ve ter inar y 
medicine, environmental 
and human hea l th , and 
underl ines the value of 
raising animals in a way that 
enhances the ecosystem. 

In the past two decades, 
the world has been swept 
several times by new and 
deadly pathogens. Examples 
include various Avian 
influenza strains whose first 
human transmission was 
confirmed in 1997, SARS 
(Severe Acute Respiratory 
Syndrome) that was first 
discovered in 2003, and 
Ebola virus disease in 2014-
2016. The most prominent 
commonality between a 
majority of recently emerging 
infections is their zoonotic 
nature. Zoonotic diseases 
are diseases that can be 
transmitted from animals to 
people or, more specifically, 
diseases that originate from 
animal reservoirs and can 
infect humans. (Shiel, 2020)

The primary cause of 
zoonotic diseases has been 
the destruction of the natural 
environment by humans. 
Humans have disposed of 
waste in forests and other 
parts of nature in search of 
natural resources. Thus, wild 
animals that have lived away 
from humans have lost their 
habitats and sources of food 
and have been pushed into 
human-inhabited areas. As a 
consequence of the blurred 
borderline between the wild 
and humanity along with 
increased contact between 
wildlife and domesticated 
animals, the transmission of 
previously unknown viruses 
has increased. 

The outbreak of the Ebola 
virus is the epitome of this. 

From 1976 to 2019, there 
were over 30 outbreaks of 
the virus in West Africa. This 
highly contagious disease 
causes death by haemorrhage 
of blood throughout a 
patient’s body. Flying foxes, 
fruit bats with 1-meter 
wingspans that live deep 
in the rainforest, were the 
animals that passed on the 
disease. Outbreaks of Ebola 
have occurred immediately 
after large portions of 
natural resources-rich African 
forests were destroyed due 
to the corporate interests. 
(Katsuhisa, 2020)

Environmental destruction 
is a consequence of humans’ 
actions based on their 
desire for deeper pleasure 
and larger economic profit. 
Increase in meat consumption 
is just one of them; as the 
demand for meat expands 
worldwide, livestock are 
growing in number. This 
has led to an increased 
number and spots of contact 
between human and animal 
populations, generating and 
expanding various types of 
illnesses. For instance, from 
1998 into the following year, 
people in Malaysian Borneo 
died of Nipah virus due to 
pigs in the forests. A mass 
population of pigs were 
raised in the Borneo forests 
to meet Singaporean demand 
for imported Malaysian pork. 
These pigs were infected by 
a Nipah virus that spread 
by the urine of fruit bats 
inhabiting the area, and the 
disease was then passed on 



Introduction

I remember being presented 
this problem several years 
ago by a relative and quickly 
becoming intrigued by it. 
H i lber t ’s  In f in i te  Hote l 
P a r a d o x  i s  a  t h o u g h t 
provoking puzz le  about 
the  concept  o f  i n f i n i t y 
t h a t  w a s  p ro p o s e d  b y 
David Hilbert, a prominent 
German mathemat ic ian . 
Hilbert was known for his 
work on integral equations, 
formalizing geometry, and 
his 23 research problems, 
several of which remain 
unsolved even today. But 
back to the Infinite Hotel 
Paradox , wh ich  Hi lber t 
presented in  1924 . The 
paradox asks us to think 
a b o u t  a  h o t e l  w i t h  a 
countably infinite number of 
rooms and each one of them 
is occupied. How can we 
accommodate more guests? 

Let’s start with a simple case 
and suppose one new guest 
walks in and asks for a room. 
Since this is a math problem, 
we can ask the guest in room 
1 to move to room 2, the 
guest in room 2 to move 
to room 3, and so on. Then, 
room one is free for the new 
guest. 
For any finite number of new 
guests, we can repeat this 
process of asking guests to 
repeatedly move to the next 
room until we have enough 
empty ones for the new 
guests.
Alternatively, i f we call a 
guest’s room number g and 
the number of new guests n, 
a less complicated way would 
be to ask each current guest 
to move to the room g + n. 
Through this process, we 
can accommodate any finite 
number of new guests. Cool, 
right?

How can we find 
rooms for a countably 
infinte number of 
new guests?
Writer: Emma Cardwell
(Palo Alto Senior High School)
Editor: Shiyoun Ryou

Subsection {A countably 
infinite number of new guests 
- the infinite bus} Ok, now 
a slightly harder case: How 
can we f ind rooms for a 
countably infinite number 
of new guests? One way 
you think about a countably 
infinite number of guests 
is by considering one bus 
containing an infinite number 
of passengers arriving at the 
hotel and every passenger 
requesting a room. Well, one 
way to do this is to ask the 
guest staying in room 1 to 
move to room 2, the guest in 
room 2 to move to room 4, 
the guest in room 4 to move 
to room 8, and so on, with 
each guest moving into the 
room whose number is twice 
that of their current room’s. 

A finite number of new 
guests

How can we find rooms 
for a finite number of new 
guests? 
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Th i s  l e ave s  a l l  o f  t h e 
o dd  nu m b e re d  ro o m s 
unoccupied. Since the set of 
odd numbers is countably 
in f in i te , we can f i t  th is 
in f in i te number of  new 
guests into our hotel.  

An infinite number of 
infinite buses?!

A n d  n o w  t h i n g s  g e t 
interesting… An infinite 
number of these infinite 
buses dropped off all of 
their their passengers to 
seek rooms at the hotel, 
how can we arrange rooms 
for all of them? There are 
actually multiple ways we 
can do this. I will present 
two of them now:

1. A z ig-zaggy ordering 
system
We can number each bus 
and each passenger on each 
bus. We can represent each 
passenger as a coordinate: 
p(b, p), with b representing 
the bus '  number and p 
representing the passenger's 
number. For example, the 
first passenger in the first 
bus would be p(1, 1), the 
first passenger in the second 
bus would be p(2,1), and so 
forth. 

Now, let’s assign the new 
guests to their rooms. First, 
we need to clear up some 
space. We can do this by 
politely asking all current 
guests to move to the room 
that is double their current 
room number. Then, we can 
ask p(1,1) to stay in room 
1, p(1,2) to stay in room 3, 
p(2,1) to stay in room 5, 
p(1,3) to stay in the next 
unoccup ied  room, and 
so on. Using this system, 
we can line up all of the 
passengers so that they 
are countably infinite. If we 
tried to assign rooms to all 
passengers in the first bus 
before starting on the other 
buses, there would be an 
infinite number of guests 
before the passengers on 
the second bus! With this 
clever assignment system, 
there is  a lways a f in i te 
number of people getting 
rooms before any passenger.  

2. A prime idea involving 
prime powers
Another way involves prime 
powers. We can ask every 
guest to to move to the 
room number equivalent 
to 2 to the power of their 
current room number. (Let 
c = a current guest's room 
number, ask the guest to 
move to room 2^c). Then, 
assign p(1,1) room 3^1, 
p(1,2) to room 3^2, and so 
on. Assign p(2,1) to room 
5^1, p(2,2) to room 5^2, and 
so on. Since there are an 
infinite number of primes 
to serve as a ‘base’ for each 
of the buses, we can f it 

everyone into the hotel with 
room to spare. However, 
the number of passengers 
c an ’t  b e  l e s s  t h an  t h e 
number of rooms because 
the first bus alone can fill 
up all unoccupied rooms. 
Therefore, the number of 
passengers is actually equal 
to the number of available 
rooms! I  actua l ly  found 
this method on Wikipedia, 
a longs ide severa l  other 
interesting ways that I won't 
explain in depth here. I highly 
recommend checking them 
out.

W h a t  i s  2  t i m e s 
infinity?

What if we had two infinitely 
long rows of these infinite 
buses lined up outside of the 
hotel? Is it still possible to 
find a room for everyone? 
Yea, we can do it! 

We can refer to passengers 
as p(r, b, p), with r referring 
the  bus  row number, b 
referring to the bus number, 
and  p  re fe rr i n g  to  the 
passenger number. We can 
repeat the zig-zaggy method 
described earlier with the 
first row of buses, but every 
time we assign a room to 
someone from the first row 
of buses, we assign the next 
unoccupied room to the 
corresponding passenger 
from the second row of 
buses. For example, if we 
assign p(1, 1, 1) to the first 
unoccupied room, then p(2, 
1, 1) will be assigned to the 
next room. 



We can a lso adapt our 
prime power system. We 
can take advantage of the 
fact that only the rooms 
whose numbers are powers 
o f  a  s i n g l e  p r i m e  a re 
occupied. We can assign the 
passengers in the first row 
of buses using the method 
described above. Then, we 
can assign passengers in 
the second row of buses 
to the room that is twice 
that of the corresponding 
passenger from the first bus’ 
room. So p(2, 1, 1) would 
be assigned to room 2*3^1, 
p(2, 1, 2) would be assigned 

to 2*5^1, and so on. 

Generalizations

We can think of the rooms 
in Hi lbert ’s hotel as an 
infinite set. We say that two 
sets have the same number 
of elements if we can pair 
up the elements from each 
set such that each element 
in one set is matched with 
a unique element in the 
other set. Hilbert’s hotel 
paradox allows us to think 
deeply about the nature of 
equivalency for infinite sets. 

Bonus Questions!

The following are left as 
questions for the reader:

1. Suppose we had 3 rows of 
infinite buses parked outside 
of the hotel. How can we 
find rooms for all of the new 
guests?

2.. Suppose there are an 
infinite number of ferries 
docked outside of the hotel, 
each ferry carrying an infinite 
number of infinite buses. 
How can we find rooms for 
all of the new guests? 

3. Suppose there are an 
infinite number of cargo 
sh ips , each  carr y ing  an 
infinite number of ferries, 
each of  which carr y an 
infinite number of infinite 
buses. How can we f ind 
rooms for all of these new 
guests?
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Methods 
of Proof
Writer: Elaine Ge 
(Harrisburg Academy)
Editor: Shiyoun Ryou

A unique charm of mathematics is that it 
grants us the capability to prove the most 
seemingly unprovable conundrums. 
As powerful as mathematics is, it also has 
diverse methods of proving statements. 

Direct Proof

Direct proof is one of the most common 
proof techniques. It involves making a 
series of claims based on the validity of the 
statement “P” to prove the validity of the 
statement “Q”. 

Example 1. Use direct proof to show that the 
sum of two even numbers is even.

Proof.  Suppose m and n are even integers. 
All even integers a can be written in the form 
a=2b, where b is also an integer. 
By definit ion of even, m and n can be 
represented as m=2p and n=2q for some 
integers p and q. Then, m+n=2p+2q=2(p+q). 
Let s=p+q. 
By substitution, m+n=2s where s is an integer.  
It follows by the definition of even that m+n 
is even. 

Contrapositive

The contrapositive of the statement “P 
implies Q” is “not Q implies not P”.

Example 2. Prove that if n^2 is an even 
integer then n is even. 

Proof.  Prove by contrapositive, “if  is not 
even then n^2 is not even”.
This is equivalent to “if n is odd then n^2 
is odd”. 
Let n be an odd integer, then there exists 
an integer k such that n=2k+1. 
By expanding (2k+1)^2, we find that 
n^2=(2k+1) ^2=4k^2+4k+1=2(2k^2+2k) 
+1.
Since n^2 can be written as 2m+1 for 
some integer m, we see that n^2 is an 
odd integer. 
Therefore, if n^2 is an even integer then n 
is even by contrapositive.

Example 3. Prove that if n^2 is an even 
integer then n is even. 

Proof. Prove by contrapositive, “if n is not 
even then n^2 is not even”.
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This is equivalent to “if n is odd then n^2 
is odd”. Let n be an odd integer, then there 
exists an integer k such that n=2k+1. 
Then by expanding (2k+1)^2 , we find that n^
2=(2k+1)^2=4k^2+4k+1=2(2k^2+2k)+1. 
Since n^2 can be written as 2m+1 for some 
integer m, we see that n^2 is an odd integer. 
Therefore, if n^2 is an even integer then n is 
even by contrapositive.

Contradiction

We usually assume that hypotheses are true 
and that the negation of the conclusion 
is also true. If we reach either something 
contradicts the assumptions or something 
that is obviously not true, then the negation 
is false, implying that the original conclusion is 
true.

Example 4. Prove that √7 is an irrational 
number.

Proof.  For the sake of contradiction, we 
assume that7 is a rational number. 
Then √7 can be written as the ratio of two 
positive integers a and b, such that a and b 
are relatively prime. 
Next, we see that  √7=a/b. 
When we square both sides it becomes, 
7=a^2/b^2, which is 7b^2 =a^2.
Since 7 is a prime number, then a must be 
divisible by 7. 

Hence, 7 is a common factor of a and b. 
This contradicts the assumption that a and 
b are relatively prime. Therefore √7 is an 
irrational number. 

Induction

Induction is a proof technique that the 
conclusion is induced by a set of prior 
evidence. Strong induction is similar to weak 
induction. We assure that the statement is 
true for all n\leq k, and we will try to show 
that the statement is true for k+1.

The Principle of Mathematical Induction:
Suppose we want to prove a statement P(n) 
for all positive integers n. 
Base Case: Prove P (1).
Induction Hypothesis: Assume P(k) for some 
positive integer k. For some arbitrary cases, 
n=k holds true.
Inductive Step: Prove P(k+1) using the 
induction hypothesis. n=k+1 holds true as 
long as n=k holds true. 

Example 6 . Prove that  1+2+3+…+n= 
n(n+1)/2 for n>=1

Proof. 
Base Case: 1=(1(1+1))/2=2/2=1
I nduc t i on  Hypo the s i s : A s sume  t h a t  
1+2+3+…+k=k(k+1)/2
Inductive Step: We find (1+2+3+…+k) +(k+1) 
=k(k+1)/2+(k+1).
By algebraic manipulation, we have 
k(k+1)/2+(k+1) =(k(k+1) +2(k+1))/2=(k+1) 
(k+2)/2.
Therefore , 1+2+3+…+k+(k+1)=(k+1) 
(k+2)/2
Hence, we have proved the inductive step. 
According to the principle of mathematical 
induction, the statement holds true for n>=1.

The key points of  writing good 
proof:

Write forwards.
Use complete sentences. 
Make wise use of white space.
Explain steps that are not obvious.
Explain when you use a given condition. 

A unique charm of 
mathematics is that it 
grants us the capability 
to prove the most 
seemingly unprovable 
conundrums. 
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SCIENCE 
AND HUMANITY 

Lucidity team proudly presents 
the new column "Sc ience and 
Humanity," written by experts from 
humanity societies. This section 
will see scientific topics through a 
humanitarian lens--a truly novel and 
meaningful perspective. 

Science without humanity is destruction
- Rajiv Dash

Science and humanity as a discipline is what 
inherently goes hand in hand. From Issue 6, the 
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Informative Articles How Can Religious Beliefs Act As a Barrier to Healthcare? 
What Can Be Done to Overcome These Issues?

Hea l thcare  i s  deve lop ing 
worldwide. However, there are 
various barriers to healthcare 
that must be taken down. One 
of these barriers are religious 
beliefs, such as “spirit children” 
and the “witch problem”.
An example of a rel ig ious 
b a r r i e r  t o  h e a l t h  c a r e 
successfully broken down is 
“spirit children”. Up until quite 
recently, children in Ghana who 
were born with birth defects 
or deformities were thought to 
be harboring evil spirits. These 
children were forced to drink 
a poisonous herbal drink in 
order to determine whether 
they would bring bad luck to 
the village. If the drink killed 
them, this would be proof that 
the children were possessed. 
Naming a child as a “spirit 
child” was a way for people to 
blame someone for unfortunate 
events that may have occurred 
around their birth.
NGOs worked to promote 
the abolition of this practice by 
giving talks, hosting workshops 
and introducing villagers to 
“spir i t  chi ldren” who had 
grown up to be successful, 
healthy children. Also, they 
built children’s centres where 
“spir i t”  ch i ldren received 
medica l  care and parents 
received counselling to accept 
their child back as “their child”, 
not a “spirit child”. To make 
sure these solutions were 
sustainable, NGOs stopped 

Opinion Editorial
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How Can Religious Beliefs Act As a Barrier to Healthcare? 
What Can Be Done to Overcome These Issues?

Writer: Sunny Baek
Editor: Hyeyeon Angela Seo

relying on donations after a short period 
and started to use profits from farms that 
they owned. As a result of these NGO 
activities, the killing of “spirit children” 
has been banned in Ghana and seven local 
leaders have announced the abolition of the 
practice.
An example of religious beliefs as barriers 
to health care that are ongoing is the witch 
problem in Africa. Pastors in southeast 
Nigeria claim that witches bring illness and 
poverty, and that those “witches” must be 
made clean through deliverance or be cast 
out. The victim of these accusations are 
very often children and accusations are 
made when unfortunate events happen. 
Pastors support the idea of the existence 
of witches because they earn money from 
this witch hunt. 
NGOs have fought against this problem 
by using media campaigns, demonstrations, 
conferences, books and films. They also 
take in children who are cast out for being 
“witches”. However, NGOs don’t have 
enough funding or support to take care of 
all of the children. The local government 
is criticising NGOs, claiming that they are 
giving the state a negative image using false 
facts and that they exaggerate the severity 
of the matter in order to earn money 
for themselves. Although the government 
argues that a new Chi ld Rights b i l l 
outlawing child stigmatisation has largely 

Religion and
Healthcare

must be able to inform and convince 
people against their religious beliefs. 
They must have a steady source of 
money and must gain the support of the 
local government in order to be able to 
talk to people effectively. Gaining the full 
support of the local government would 
also mean that any legislation passed 
against these religious barriers could be 
enforced strongly. Additionally, NGOs 
must be able to convince local leaders 
that certain religious beliefs are harmful 
to their community and should be 
strongly discouraged.
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ended the witch problem, there 
haven’t been any prosecutions 
and the problem has not been 
alleviated.
To  b re ak  down  any  k i nd 
of religious barrier against 
healthcare, including the “witch 
problem”, NGOs must be 
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"the Spanish Flu". This disease 
single handedly infected ⅓ of 
the whole human population 
and killed three times more 
people than the ongoing Great 
War in a year. The first wave 
swept across Europe in mere 
months, and when the war 
ended and the new year of 
1919 began, the second wave of 
infections started. The disease 
that started in the European 
region reached the United 
States, and then went to Asian 
and African regions rapidly. 
The  pandemic  was  ac t i ve 
unti l  winter came in 1920. 
Eventually killing at least 500 
million people, the Spanish Flu 
is remembered as the deadliest 
pandemic of the 20th century.

So why was the Spanish Flu so 
deadly? There are few factors 
which gave the pandemic its 
lethal and destructive power. 
First of all, the virus that caused 
the Spanish Flu Pandemic, The 
H1N1 virus was airborne. Most 
airborne diseases are very 
infectious and are considered 
to be the most difficult type of 
contagious diseases to control, 
because it is spread through the 
most common medium in the 
world: air. The H1N1 virus in 
1918 was one of them. It was 
just as infectious as the virus 
SARS-COV-2, a virus which 
caused the current COVID-19 
outbreak. Shown with the value 
called “R-nought” value, which 
shows the infectiousness of 
the virus with a format R-n, 
(higher the n, more infectious 
the virus), SARS-CoV-2 has an 
R-nought value of R-2.2, while 

the H1N1 virus which caused 
the Spanish Flu pandemic 
has R-1.8. Considering the 
massive medical development 
since 1918 to the current 
times, the H1N1 virus could 
easi ly transfer and infect 
through the population just as, 
or maybe better than SARS-
Cov-2. Also when the first 
wave of Spanish flu pandemic 
hit Europe, it was during the 
last year of the First world 
war. Countries sent troops 
overseas in large numbers 
and many combatants had 
to fight and live in very small 
and unhygienic places such 
as trenches. These conditions 
made them a good host for 
the H1N1 virus. 

The modern understanding 
of a virus that causes the 
infectious disease is that 
most times if the virus is 
very infectious, it’s not lethal 
enough to kill the host in 
l arge  numbers  as  i t  w i l l 
eventually kill the virus prior 
to its spread if it does. But for 
the H1N1 virus in 1918, this 
was not the case. It was both 
very infectious and lethal. 
When infected, the virus 
created normal symptoms of 
the common flu, but there 
was one big difference: it 
could develop the Cytokine 

In late march of the year 1918, 
during the fourth year of the First 
World war, the entirety of Europe 
was surprised by an event that 
killed a tremendous number of 
soldiers and civilians. The cause 
of such deaths was not violence 
but a disease widely known as 
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Why was the 
"Spanish Flu" 
Pandemic of 1918 
deadly?

Release Syndrome(CRS). Also 
known as the name ‘Cytokine 
Storm’. The CRS occurs when 
the pathogen enters the body 
t h a t  h a s  a n  u n h e a l t hy  o r 
incomplete immune system. 
Cytokines are chemicals that act 
as alarms that warn phagocytes 
that infections are happening 
in the body it leads them to 
the organ that infections are 
happening to stop it. When CRS 
triggers, cytokine is released 
without any control, calling up 

too many phagocytes, which 
again releases more cytokine, 
creating a chain reaction. When 
the immune system is healthy it 
senses the problem and injects 
another type of cytokine called 
Anti-flammable Cytokine to stop 
the release of normal cytokine 
and restore the immune system 
to work in track. However, when 
the immune system is unhealthy, 
the body cannot control the 
release of cytokine in the body 
and phagocytes arriving at a 
certain point of the body starts 
to attack normal cells, eventually 
killing the tissue, then the organ, 
then the body system, and then 
the body itself. It was deadly 
when the Spanish flu pandemic 
hit, as the whole world was full of 

populations that had wounds and 
injuries, tuberculosis and other 
infectious diseases, and lack of 
enough nutrients due to the First 
world war and other factors. 

Lastly, the governments and 
regimes during the Spanish flu 
Pandemic could not respond 
successfully to it due to several 
reasons such as war ef for t , 
underdeveloped technology, 
and lack of infrastructure. The 
infection of the H1N1 was first 
reported in Europe in March 
1918 just after the unit of the US 
Army arrived in France from the 
states, carrying the disease. This 
was during the time period when 
the Western front had one of 
it’s biggest campaigns, the Spring 
offensive of 1918. Many units and 
combatants had to move around 
the frontline due to planned 
of fens ive . Soon the d isease 
spread to every single unit in the 
western front, but armies did not 
prepare themselves against the 
outbreak since they feared that it 
would affect their war efforts in 
a negative way and they thought 
that it would end just like any 
other ‘trench flu’ occurred during 
the last 4 years of war. A single 
month later, it started to kill more 
military personnel than the war 
itself. Units around the frontline 
could start to do something 
to stop, or at least slow down, 
the infection when the war was 
at its ending phase from the 
summer of 1918. They created 
a series of quarantine rules for 
overseas troops, supplied surgical 
masks and alcoholic beverages 
to troops, but it did not work 
well. Eventually 41% of the US 
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Navy personnel, 37% of US 
Army personnel , 32% of 
Canadian Army personnel, 
and about 30% of the British 
A r my  p e r s o n n e l  w e r e 
infected by the H1N1, and 
4~20% of them got killed by 
the H1N1 till the cease fire 
on November 11th 1918. 

After the war got into its 
e n d i n g  p h a s e  f ro m  t h e 
summer o f  1918 , a  h igh 
number of cases appeared 
in many homefront societies 
due to returning troops 
from the theater of war. 
When countries realised the 
outbreak in civilian society, 
they locked up theaters , 
markets, squares and most 
other public places. Civilians 
were forced to wear masks. 
I n f e c t e d  p e r s o n s  we re 
o rd e re d  t o  q u a r a n t i n e 
themselves in their houses 
unti l  the medical service 
arrived. Police forces arrested 
people who broke the rules 
of social distancing. However, 
these acts did not function 
properly in many countries. 
C o u n t r i e s  s u c h  a s  t h e 
United States and France 
st i l l  opened Schools  for 
student and military camps 
for recruits, creating a good 
incubator for the virus. Many 
medical personnels around 
the  wor ld  were  a l ready 
infected by the virus due to 
lack of protection, leading 
to numerous deaths. By the 
summer of 1919, there were 
not even enough doctors 
to fill up the hospitals, and 
medical students had to work 
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As the classic argument 
of libertarianism goes, to 
sustain the rights of one 
person is to compromise 
the rights of another. This 
statement seems ever more 
true, in such a world with 
increasingly developing 
technology that has the 
potential to pry into our 
daily l ives, yet may also 
signif icantly render our 
lives safer. Especially during 
the COVID-19 pandemic, 
many governments have 

Disclaimer: The views of 
the article do not represent 
the views of the writer. 
Opposing the disclosure 
of patient routes is the 
unpopular opinion in South 
Korea; I have written this 
article to supplement that 
imbalance. I simply wish to 
act as devil’s advocate and 
point out some flaws of 
classic arguments for the 
policy rather than to provide 
an alternative viewpoint of 
mine. 

as part-time doctors to fill up 
the gap. 

Last ly, medic ine overuse 
was a problem. During the 
Spanish Flu pandemic, doctors 
used Aspir in to help the 
patients as it was the only 
available drugs for them. It 
seemed to work out well 
when Aspirin was properly 
dosed by helping patients 
cease their symptoms, thus 
giving the body more control 
over the immune system. 
However doctors used too 
much of it.  In modern days 
Aspirin could not be used 
more than 4 grams per day, 
but doctors in 1919 used 
more than 30 grams per 
day. Th is  caused Asp ir in 
poison ing : i t s  symptoms 
include hyperventilation and 
fluid build-up in the patient's 
lung. When layered with the 
Symptoms of the H1N1 virus, 
these poisonings became very 
critical to the patient’s health. 
More than 11~20% of al l 
Spanish Flu deaths in western 
countries were known to 
have Aspirin poisoning. 

With these critical symptoms 
and conditions, the H1N1 
virus eventually killed at least 
500 million people worldwide: 
3~5% of the whole European 
population and 1~3% of the 
whole Asian population were 
killed by the H1N1 virus.

The long battle 
between 
privacy and 
security
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principle to the coronavirus 
pandemic? A gay patient was 
unceremoniously outed after 
he was disclosed of visiting 
a gay bar. Another patient 
was disclosed to have visited 
many “love hotels” after being 
diagnosed with the disease. 

Some might argue that most 
governments that track and 
announce patient routes 
disclose a bare minimum 
of information, such as age 
or area of residence, which 
is not enough to expose 

implemented quarantine 
tact ics that necessitate 
some in fr ingements on 
privacy--something that has 
raised legitimate concern 
around the globe. 

One prominent example, 
and the most conspicuous 
one, would be the tracking 
and disclosure of patient 
r o u t e s .  N u m e r o u s 
governments around the 
wor ld  have  se lec t i ve ly 
d i s c l o s ed  i n fo rma t i on 
about coronavirus patients, 
and such strategies have 
proven their exceptional 
efficiency in Korea, Taiwan, 
and Singapore. While many 
proponents of the policy 
argue that it is a necessary 
c h o i c e  a m i d  a  g l o b a l 
disaster, some dissent on 
the grounds that privacy is a 
sacrosanct value. 

D e b a t e  b e t w e e n 
princ ip les :  privacy 
versus security
I n  m y  o p i n i o n ,  t h e 
importance of privacy must 
never be overlooked, as 
privacy is a prerequisite for 
many other rights that allow 
a dignified life. Only when 
we have a private sphere, 
can we choose to have 
freedom of speech, freedom 
of rel ig ion-- freedom of 
ever y th ing . I n  a  wor ld 
where we live under risk 
of being spied upon, there 
would be a moral barrier 
that naturally prevents us 
from exerting our freedom, 
a  necess i t y  for  human 
life. The relevance of this 

individual patients. However, 
the d isc losure of  one’s 
crucial personal information 
(eg. name or ID number) 
is not necessary for there 
to  be  an  i n f r i n gemen t 
on pr ivacy. That  i s , the 
infringement on privacy 
itself implicates violence. 
If I am a gay person who 
was outed, it would not 
mat ter  to  me whether 
people know my name and 
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face or not. The very fact that 
I have been “forcibly” outed 
without consent would be 
sufficient to make me feel 
unprotected and insecure. 
This is because a breach on 
privacy, in and of itself, entails 
implicit violence. The violence 
may not be physical, but it still 
exists. An infringement on 
privacy, which would be the 
disclosure of patient routes, 
in this case, is not an end 
in and of itself; rather, it is a 
means to achieving security. 
However, if the policy makes 
ind iv idua ls  fee l  insecure 
rather than protected, isn’t 
that evidence that said the 
policy is backfiring?

Because these are systematic 
problems of the policy, the 
on ly  way  to  so lve  them 
would be to limit the extent 
to  which  in format ion i s 
disclosed. Yet, to do so would 
compromise the efficiency of 
the policy; indeed this would 
contradict its entire purpose.

Issues of Practicality
Then, the debate naturally 
bo i l s  down  to  whe ther 
the policy actually achieves 
security. Some state that 
the policy allowed nations 
to e f fect ive ly  tack le the 
c o r o n a v i r u s  a n d  h a l t 
the spread, enumerat ing 
examples of states that have 
been successful. However, 
such examples may entail a 
causation and correlation 
error. It  is unclear as to 
whether  the  po l i cy  was 
the cause behind effective 
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hand l ing  o f  the  d i sease , 
or  whether  the  pub l i c ’s 
awareness of the virus was 
the cause behind it and the 
policy is simply an example 
that shows such high levels of 
awareness. 

In fact, the policy might not 
be a panacea as many assume. 
Such disclosure might cause 
a false sense of security that 
it is safe to visit areas where 
disclosed patients have not 
visited. Additionally, the most 
frightening characteristic 
of the COVID-19 is that it 
often deceives test kits, and 
many undiagnosed patients 
may  be  roaming  around 
our cities. This may be even 
more true in the context 
of developing nations or 
nations with a weak public 
health infrastructure, where 
they do not have the sheer 
capital to produce enough 
accurate testing kits. The 
d ivergence of  resources 
must also be noted, as the 
manpower and technology 
that would have otherwise 
been used to maintain public 
health and order would be 
devoted instead to tracking 
the whereabouts of these 
patients during the past two 
weeks. 

Online Criticism is
Another Pandemic

As governments scramble 
for methods to “flatten 
the curve” of coronavirus, 
some have  turned  to 
disclosing the routes taken 
by infected patients, so 
people can know whether 
they potent ia l ly  came 
into contact with them. 
However, public reaction 
to this strategy, favored 
by South Korea and some 
other Asian nations, has 
raised legitimate concerns 
about individual privacy.

Governments that choose 
to go down this route 
mus t  ba l ance  pr i v acy 
concerns with societal 
ut i l i ty, and anonymize 
the data thoroughly. The 
relatively small number of 
new infections in Korea 
m e a n s  t h a t  i n f e c t e d 
i nd i v i dua l s  c an  o f t en 
be identi f ied from the 
limited information that is 
released, particularly when 
it includes their age, which 
can allow friends or family 
members of confirmed 
cases to pinpoint which 
“anonymous” patient they 
are. In one recent case, 
a homosexual man who 
contracted the virus was 
unceremoniously outed 
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outed when his visits to a 
local gay bar were released, 
along with his age and area 
of residence. 

Even worse, online forums 
a n d  m e s s a g e  b o a r d s 
have become hotbeds of 
specu lat ion and rumor, 
with netizens often putting 
two and two together to 
make five. When unusual 
overlap was discovered 
in the routes taken by a 
male and female patient, 
accusations of adultery flew, 
leaving the man in need 
of psychiatric counseling. 
Likewise, a young woman 
who visited a karaoke room 
at midnight was branded a 
sex worker because of the 
particular neighborhood’s 
seedy reputation. (“At a love 
motel”: Are S Korea’s virus 
alerts too revealing?, 2020)
 
Research by Seoul National 
Univers i ty  showed that 
citizens fear “criticism and 
further damage” even more 
than the disease itself. (Kim, 
2020)  In  essence , what 
South Koreans dread most 
about becoming infected 
with coronavirus is not the 
possibility of sickness or 
death, but the fact that their 
private lives would inevitably 
be dissected, analyzed, and 
speculated about. 

While the ef fect iveness 
of the policy seems self-
evident, and is part of a 
strategy which has allowed 
South Korea to largely avoid 

Knowing whether we’ve 
c r o s s e d  p a t h s  w i t h  a 
confirmed case is very useful 
as we can get tested and help 
halt the spread of the disease, 
but we have to ignore the 
urge to pry into the lives 
of fellow citizens and paint 
super f luous , specu lat ive 
narratives over the limited 
information that is released. 
 
A cris is l ike coronavirus 
demands social cohesion 
and support, rather than 
g round l e s s  a t t a ck s  and 
divisive speculation. We have 
to ensure that we emerge 
from this pandemic with our 
social order intact, not driven 
apart by gossip, rumors, and 
speculation.
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Part 1: Introduction
“Globalization” in the 21st century is considered as a paradigm 
shift that distinguishes this new century from the past. New 
technologies and innovations have enabled the world to form 
a complex network system in the largest and fastest scale ever, 
allowing for an enhancement in the sectors of communication 
and exchange; this new-age of connection causes every part of 
the world to be interdependent with each other. Recently, in 
a new world characterized by globalization, the application of 
the COVID-19 pandemic proves the dominance of this globally 
interdependent relationship through the extension of its 
influences advanced from the element of Globalization. 
The revolutionary disease, COVID 19, started as an endemic 
disease. However, this virus proclaimed new combat of the 

of the COVID 19 to 
human l i fe in f ields- 
social, economy, politics, 
and environment. Here, 
through suppor t ive 
evidence collected with 
current situations over 
the world, formulated 
trends will appear in 
order to model the 
i m p a c t s . D a t a  a n d 
m a j o r  s t a t e m e n t s 
w e r e  b r o u g h t 
f r o m  a  c o l l e c t i o n 
o f  n e w s  r e p o r t s 
f rom each  countr y, 
o f f i c i a l  government 
a n d  o r g a n i z a t i o n 
emergency repor ts , 
university lectures, and 
conversations of the 
ministers that were 
officially opened to the 
public. To summarize 
o u r  f o u n d i n g s , i t 
was factors such as 
i n t e rn a t i ona l  ma s s 
migrat ions, reckless 
re l i g ious  prac t i ces , 
and neglected poor 
groups of citizens that 
triggered the spread of 
the COVID 19. Inside 
the progression, most 
of the human sectors 
w e r e  s i g n i f i c a n t l y 
damaged while nature 
a n d  e n v i ro n m e n t s 
s howed  s i g n i f i c a n t 
recoveries.

T h i s  r e p o r t  w i l l 
examine the outbreak 
o f  C O V I D  1 9  i n 
multilateral dimensions 
w i t h  a n  u l t i m a t e 
purpose to enhance 
the understanding of 
t h i s  new  pandem i c 
phenomenon and to 
raise public awareness 
by providing formulated 
t r e n d s ,  p a t t e r n s 
detected so far, and 
the future implications 
based on the formulas. 
The report will f irst 
observe the trend of 
progression of COVID 
19 compared with the 
history of pandemics 
a n d  t h e  c u r r e n t 
international situations. 
Then, the report will 
approach the outbreak 
of the disease in various 
perspectives such as 
simulating predicted 
future models based 
on  the consequences 
of  h i s tor ica l  events 
with paral lel ism and 
exploring the reasons 
behind the exponential 
rise of the confirmed 
cases along with the 
risk factors. The main 
section of this paper 
w i l l  b e  c o n t i n u e d 
through investigating the 
significance and impact 
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c e n t u r y  b e t w e e n  g e r m s 
and humanity in a silent but 
perpetua l  matter, growing 
from the remotes of Wuhan, a 
province in the eastern part of 

Comprehension of
C O V I D - 1 9  i n 
Multilateral Visions

Designer: Sean Yoon

Part 1: Introduction
“Globalization” in the 21st century is considered as a paradigm 
shift that distinguishes this new century from the past. New 
technologies and innovations have enabled the world to form 
a complex network system in the largest and fastest scale ever, 
allowing for an enhancement in the sectors of communication 
and exchange; this new-age of connection causes every part of 
the world to be interdependent with each other. Recently, in 
a new world characterized by globalization, the application of 
the COVID-19 pandemic proves the dominance of this globally 
interdependent relationship through the extension of its 
influences advanced from the element of Globalization. 
The revolutionary disease, COVID 19, started as an endemic 
disease. However, this virus proclaimed new combat of the 
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China. The disease that was 
initially predicted only to have 
a light impact now expanded 
its influence, even to an extent 
in which the IMF 2020 would 

predict for it to strike 
the global economic 
growth rate by negative 
3%, the lowest record 
a f t e r  “ t h e  G r e a t 
Depression [of] 1930”. 
Exper t s  o f  v a r ious 
sectors argue that the 
COVID-19 will be an 
absolute turning point 
in every facet, creating 
irrevocable changes.

Seen through the lens 
of humanity, this virus 
ironically reveals our 
darkest parts, depicting 
how this sudden rise of 
the pandemic disease 
can lead to global terror 
and madness. However, 
despite the fact that 
the entire world is in 
a moment of chaos, 
we  mus t  recogn i ze 
tha t  we  a re  a t  the 
centre of a complete 
t r a n s f o r m a t i o n . 
T h o u g h  n o t h i n g  i s 
guaranteed through the 
unpredictable waves of 
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this new phenomenon, the only definite fact is that every part of humanity would not be 
able to return to the way it was before the disease. Hence, we must be prepared to take 
the first glorious step in preparation for the future so that we can minimize the cost of 
this pandemic disaster. This starts with observing the cause, pattern, and future visions that 
are provided to us by science and logic. Contemplating in a human geographical aspect, this 
report seeks to formulate on the incidence of COVID-19 with an ultimate goal to induce a 
wider range of comprehension for the enhancement of civil consciousness on this topic. 

Part 4-4. Human development and Society

[ Identi f ication of the 
general trend ]
    Poverty functions as 
a barrier to manage and 
monitor the contagions. 
Especially, the characteristics 
o f  t h e  t y p i c a l  l o we r-
class settlements and its 
surrounding demonstrate 
t h e  l i m i t a t i o n . O f t e n , 
p e o p l e  w h o  s u f f e r  i n 
ex t reme pover ty  form 
a settlement type called 
“ in forma l  set t lements” 
or “Low-income Zone”. 
Informal settlements are the 
formation of a house that 
is not legally approved by 

the local authorities. These 
types of settlements are 
commonly featured in the 
outskirts of the urban areas 
in LEDC. Though MEDC 
also features a town with 
poor, the patterns of the 
informal settlements are 
even clearly shown in the 
urban model of the LEDC. 
In general, characteristics 
such as the high density of 
population, limited access 
to health care services, 
l o w  f o o d  a n d  w a t e r 
security, unaffordabi l ity 
of regular medical check-
ups and absence of sewage 

management systems cause 
the residents of this area 
to be extremely vulnerable 
to the disease. For instance, 
h igh populat ion dens i ty 
creates an environment 
for disease to be spread 
quickly by increasing the 
chances of people contacting 
each other. Simultaneously, 
limited health care services 
and poor communication 
systems inside the informal 
settlements and high density 
o f  m a s s i ve  p o p u l a t i o n 
extend the risk of further 
s p r e a d  o f  i n f e c t i o n , 
challenging the monitoring 
to manage the situation. In 
a relative scale, while the 
population in the informal 
settlement is massive, the 
quantity of population does 
not form a proportional 
relationship with a number 
of services available in this 
area. In general , proper 
hospitals where it receives 
the investments from the 
government is located in 
large cities, since this high 
order service requires a 
greater amount of threshold 
p o p u l a t i o n  a n d  l a r g e 
transportation links nearby. 
Due to these reasons, the 
number  o f  hosp i t a l s  i s 
extremely limited in this area. 
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stay home. 

[Speci f ic  Case:  Rio De 
Janeiro/São Paulo]
Image: Agm. (2016). Favela 
Street, Rio De Janeiro
     The wave of the suffrage 
appears in greater magnitude 
to a group of civilians with 
low economic status.   Favelas 
in Brazi l , mainly centred 
around Rio De Janeiro and 
São Paulo is now in great 
fear of the COVID19. As it 
is mentioned above during 
the observation of a general 
correlation between poverty 
and the management of the 
disease, the neglect of the 
government further escalates 
the anxiety of the residents 
in low-income zones. Death 
tol ls  and the number of 
infected have been rising 
throughout the favelas, and 
there is no proper way of 
tracking the infected people’s 
whereabouts in the area. The 
system of favelas itself is not 
apt for such investigations, 
nor does the people realize 
the  threa t  o f  the  v i ru s 
spreading. Furthermore, the 
conditions in the favelas are 
ideal for a disease to rapidly 
spread-overcrowded and 
unsanit ized. Favelas have 
already suffered from other 
diseases such as tuberculosis 
and the zika virus for years. 
Based on this background, 
when the Covid-19  hit the 
favelas, the residents faced 
the greater challenge, and the 
emergence of the Covid-19  
with higher infection rate 
is potentially targeting the 
13 mil l ion in an uncared 

Considering the fact that 
immunity and basic health 
conditions of the residents 
in low-income zones are 
poor, the combination of 
two situations simulates 
a  p r e d i c t i o n  o f  m a s s 
infection. Proceeding, we 
must be aware of the fact 
that  towns of  in formal 
sett lements form their 
own closed community. 
The extremely complex 
network of the back streets 
and tight formation of the 
settlements often results 
in  th is  soc ia l  grouping . 
However, in the case of 
contagion, the nature of a 
closed system with limited 
contact with the other part 
of the society and limited 
possessions in technologies 
which they can receive 
news creates a situation 
where the residents are 
not aware of the situations.  
Beyond the physical nature 
of the informal settlements 
and its surrounding, the 
economic  s ta te  o f  the 
people  in  the in formal 
settlements itself applies 
as a barrier of managing 
the s i tuat ion . The vast 
majority of the community 
is highly dependent on the 
incomes/ profits earned 
in a day or even an hour 
since this small amount of 
money collected from the 
informal sector or from 
simple labour determines 
whether the entire family 
would starve or not. Thus, 
the poor economic state 
causes the situation where 
the people cannot afford to 

environment. 
Ironically, the break out of 
the revolutionary contagion 
revealed the internal social 
inequality and discrimination 
in managing the emergency, 
reflecting the government’s 
decept ion towards  the 
poor. The government has 
neglected them, while they 
have officially locked down 
and set up health camps 
to help the metropolitan 
areas of the major cities. 
While many countries have 
handed out policies to help 
the citizens to endure the 
pandemic, (such as handing 
out free money from the 
government to help those 
in need) Brazil has failed to 
do so. According to those 
who live in favelas, they are 
unable to access the fund 
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the government has sent 
them, even  though they 
have provided all necessary 
requirements. Health care 
officials had tried to help 
the low-income areas, but 
the President of Brazil Jair 
Bolsonaro has dismissed 
their concerns and heavily 
downplayed the power of the 
COVID-19, calling it a “little 
flu” (Borges.A, 2020) and 
encouraging the citizens to 
continue their life as normal. 
Even though the majority 
o f  t h e  c i t i z e n s  d o  n o t 
believe Bolsonaro’s words, 
he has created confusion, 
p a r t i c u l a r l y  i n s i d e  t h e 
favelas. The health minister 
of  Braz i l , Lu iz  Henr ique 
M a n d e t t a  w h o  h e av i l y 
crit icized the president’s 
response and actions about 
the Covid-19  and tried to 
encourage social distancing 
was soon f ired from the 
o f f i ce . (Watson .K , 2020) 
Bolsonaro’s actions are also 
discouraging social distancing 
as he is seen casually walking 
around without a mask, and 
deliberately shaking people’s 
hands in front of the camera. 
He was a lso spotted jet 
skiing(Phillips.T, 2020) while 
many were suffering from the 
COVID 19. When a reporter 
asked about the rising deaths 
in the country, Bolsonaro 
responded with “So what? I’m 
sorry. What do you want me 
to do?”.(Phillips.T, 2020) The 
corrupt government is one of 
the vital factors that caused 
Braz i l  to be the h ighest 
infected in South America, and 

The water shortages happen 
regularly in the area too, 
worsening the situation these 
people are living in. 
    These people  l i ve  in 
s u c h  c o n d i t i o n s  w h e re 
social distancing cannot be 
continued; if they stay at their 
homes, they do not have 
enough money to sustain 
their living. People who live in 
favelas depend on their daily 
income to survive- if they do 
not get paid every day, they 
do not have the money to 
buy the food and feed their 
families. They do not have any 
sort of emergency savings to 
feed themselves while self-
isolating, so it is essential for 
them to go to work. Despite 
the virus outbreak and its 
harrowing consequences, 
earning the money to survive 
is their priority. Due to the 
economic collapse happening 
the shop owners or hirers are 
cutting down their wages, and 
these people are facing even 
bigger complications. (The 
Guardian, 2020, Youtube) The 
reassurances of the president 
also influence the views of 
the people on the COVID 
19, thinking it is safe to go to 
their work as normal. Nor do 
these people have sufficient 
amounts of money to afford 
masks and seek treatment 
or testing of the virus. The 
government’s supplies do not 
reach the favelas but only the 
metropolitan areas, making 
the situation even direr. The 
overcrowded houses filled 
with 10 people per house is 
one of the key factors to the 

many predict that the number 
of infected and deaths is 
going to skyrocket due to 
the neglect and downplaying. 
P e o p l e  a r e  g e t t i n g 
misinformed, and are not 
getting adequate amounts of 
supplies to create awareness 
and stop the spread. Most 
of the people living in favelas 
have barely any access to 
electricity, nor the internet 
which frequently cuts out. 
Energy theft also occurs very 
commonly inside the favelas, 
contributing to the electricity 
loss in the favelas. (Lins.C, 
2014) The residents cannot 
acquire enough information 
about the Covid-19 and its 
destructive properties. The 
water  shor tages  happen 
regularly in the area too, 
worsening the situation these 
people are living in. 
    These people  l i ve  in 
s u ch  cond i t i o n s  whe re 
social distancing cannot be 
continued; if they stay at their 
homes, they do not have 
enough money to sustain 
their living. People who live in 
favelas depend on their daily 
income to survive- if they do 
not get paid every day, they 
do not have the money to 
buy the food and feed their 
families. They do not have any 
sort of emergency savings to 
feed themselves while self-
isolating, so it is essential for 
them to go to work. Despite 
the virus outbreak and its 
harrowing consequences, 
earning the money to survive 
is their priority. Due to the 
economic collapse happening 
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the conditions are dreadful. 
Furthermore , i f  they are 
already losing the healthcare 
workforce this early into the 
outbreak(Brazil’s outbreak 
has just started), the trend 
is only going to get worse. 
And if any major outbreak 
happens in any of the 1000 
favelas existing in Brazi l , 
the spread is going to be 
unstoppable due to lack of 
supplies and workers. 
     There have been many 
activists who tried to help 
those l iving in favelas by 
sending them food packages, 
masks, and soap. However, 
the requests for them have 
been overwhelming; and 
solely depending on funded 
money from the charity is not 
enough to buy and deliver 
these packages. Those who  

v i r u s  s p r e a d i n g 
expeditiously inside the 
favelas. 
     However, the situation 
i s  d i re  than you might 
realize. It is true that the 
government has neglected 
the low-income area, but 
the metropol i tan areas 
where the government sent 
medical camps and funds 
are also coping with major 
issues. Brazil so far has lost 
more health workers to 
the Covid-19 than Italy and 
Spain combined. Italy and 
Spain have about 200,000-
250,000 in fected whi le 
Brazil has about 165,000 
infected(May 12th, from 
World-O-meter site )-and 
Brazi l  having lost more 
health workers than both 
of the countries combined 
which has higher infected 
numbers, is an unwelcome 
sign. The health’s workers 
are getting overworked, 
and  many  nur se s  w i th 
over 60 years old have not 
been taken off from the 
front l ine , making them 
very susceptible to the 
Covid-19, which is usually 
more lethal to those with 
old age (over 50-60). Their 
l a c k  o f  PPE  ( Pe r sona l 
Protective Equipment) and 
its poor quality had led 
to many getting infected. 
(Alessi.G, 2020) If Brazilan 
government cannot even 
control the area where they 
have put the most effort 
in to contain the virus, it 
is no doubt that they will 
likely fail at controlling the 
spread in the favelas, where 

get ill cannot be treated 
due to lack of money and 
supplies. However, people 
living in favelas have realized 
the dangers of Covid-19  
and are trying to effectively 
carry out social distancing, 
wh i l e  ge t t ing  the  food 
packages sent from charities 
and act iv ists to susta in 
themselves. The activists 
are also handing out leaflets 
to spread awareness of the 
dangers of Covid-19  and 
how to prevent them inside 
the favelas. The local housing 
association formed inside 
the favelas has imposed an 
8 pm curfew to stimulate 
social distancing, and even 
the loca l  drug gangs in 
some favelas have imposed 
their own lockdowns. (The 
Guardian, 2020 Youtube) 

Enjoyed
the Article?
This is a compressed version of the 57-page emergency 
report written by the Geography society. Use the QR code 
below to download the full version on our official website 
or the NLCS Hub!
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In fect ious d iseases are 
spread from microscopic 
germs such as  bacter ia 
or viruses, but contagious 
diseases are specif ical ly 
spreading from person to 
person, such as touching 
the same objects, having 
body contact, or sharing 
food together. One of the 
contagious viruses is covid 
19 , a l so  known as  the 
Wuhan pneumonia which 
is currently spreading all 
over  the wor ld . I t  i s  a 
zoonotic virus, which can 
spread between animals 
and humans. Before the 
coronavirus outbreak in 
2019, the world had to 
face six other corona type 
viruses, 4 types causing 

illness such as flu, and the 
other two were SARS-cov 
and MERS-cov.

The outbreak was f irst 
identified in Wuhan, China; 
it is said that the origin was 
from Wuhan’s food market’s 
bats. The virus was spreading 
around between the animals, 
until people in Wuhan ate 
the corona contaminated 
bat, while some people say 
that it had spread from 
a lab in Wuhan studying 
about the Coronavirus . 
A f t e r  t he  ou tb reak  i n 
China, it f irst spread to 
its neighbour countries 
such as Korea and Japan, it 
spread to Europe due to 
the transaction between 

China and Europe, it spread 
to countries such as Ireland, 
Italy or France. Soon, it had 
spread all around the globe 
before social distancing or 
the ban of international 
travelling required strict 
policies. Schools shut down, 
avoiding contact with other 
people as  poss ib le . The 
coronavirus’s incubation 
period is 2weeks, so it isn’t 
safe to meet people with no 
symptoms.

Because the covid 19 was 
a virus that our body never 
experienced before , the 
immune system could not 
recognize the new virus as 
a threat. It goes through the 
nose or mouth, and moves 
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toward the air sacs in the 
lungs called the alveoli.  It 
uses  the  sp iky  prote in 
surface to rip into a healthy 
host cell in the lung. After 
waiting in the cell so it 
shows no di f ference , i t 
starts reproducing itself 
in the cell and bursts out, 
killing the host and repeating 
the process mult ip ly ing 
rapidly. The lungs become 
inflamed making it tough 
to breath, with alveoli (air 
sacs in your body where 
oxygen in the blood cells 
exchanges  in to  carbon 
dioxide) are infected, able 
to lead towards pneumonia. 
The immune system will 
respond in several different 

symptoms such as coughing, 
fever, or fatigue.   

There are several ways that 
people infect each other 
wi th  cov id  19 , such  as 
droplets, which is the most 
common way of infection. 
When people sneeze or 
cough, the contaminated 
saliva flies through the air 
towards the other peoples’ 
respiratory systems, usually 
the mouth and the nose. 
Another way is surface 
t r ansm i s s ion , wh i ch  i s 
indirect. It is when people 
with the virus touch objects 
with contaminated parts 
o f  the  body and other 
people touch those infected 

surfaces. The main problem 
people faced was community 
spread, when people who 
meet in  the community 
s p r e a d  v i r u s  w i t h o u t 
knowing the other person 
is infected. To prevent these 
community mass outbreaks, 
people should do social 
distancing and try not to 
sneeze or cough into their 
hands, and most importantly 
wear masks. 
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COVID-19 Superspreading Events
There have been many COVID-19 super-
spreading events around the world. 
Korea was not an exception. At Coupang 
Distribution Centre, the infections have 
appeared in succession. There were 108 
confirmed cases in total including 73 
people working in the Centre and 35 
people who had been in contact with 
them. 

Fig 1. Coupang Distribution Centre

 As tensions and fear arouse around the 
world, recent studies by the London 
School of Hygiene & Tropical Medicine 
came up with a conclusion that roughly 
10% of COVID-19 cases are responsible 
for 80% of the new infections. The super-
spreading events are mostly attributable 
to the indoor congregations: churches, 
prisons and hospitals. Thorough tracing of 
the infection and tighter scrutiny for the 
enclosed spaces are needed, but there are 
many limitations that we are confronting.

Factors To Measure transmission
Once we can predict what circumstances 
are giving rise to the super-spreading 
events, we can quickly curtail the ability 
of the disease to spread with the help of 
mathematics. However, “prediction of the 
circumstances” itself is challenging and 
many parts of the super-spreading are 
misinterpreted. The most common method 
to visualize this is the reproduction 
number R0. R0 for COVID-19 was about 
3 without social distancing. As shown in Fig 
2, this is lower than SARS or smallpox, but 
still higher than MERS and influenza.
dispersion factor k, which presents a 
more consistent pattern. It measures how 
many disease clusters. The lower the k is, 
the more the transmission comes from a 
small number of people. The exact value 
of k for COVID-19 is unknown, but it 
is estimated to be between 0.1 and 1. 
The recent discovery by Adam Kucharski 
of LSHTM claimed k to be equal to 0.1 
and this explains many aspects of the 
pandemic. Compared to SARS with k = 
0.16 and MERS with k = 0.25, most chains 
of infection die out by themselves and are 
introduced undetected into a new country.

Why Superspreading Is Happening
The reason for the occurrence of super-
spreading also accounts for the low k  value. 
There are four main reasons for this. Firstly, 
COVID-19 is mostly transmitted through 
droplets. However, it occasionally spreads 
through aerosols. When this happens, 
aerosols can stay suspended in the air, so it 
enables one person to infect many others. 
Secondly, the transmission depends on 
individual patients’ characteristics. These 
different number of viruses for different 
periods of time. People’s habits of social 
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fig.2. Comparison of R0  between different viruses

contacts and hygiene are also 
contributing to the transmission. 
Enclosed spaces are well-known 
causes for the transmission. 
A study in Japan brought up 
the interesting fact that the 
risk of infection indoors is 19 
times higher than outdoors. 
For example, a choir requires 
members with heavy, deep or 
rapid breathing and shouting, 
rather than gentle breathing 
in enclosed spaces. This would 
explain the actual super-spreading 
events at the choir in a church 
in Mount Vernon, Washington, on 
March 10th. Lastly, many evidence 
suggests that COVID-19 patients 
are most infectious for a short 
period of time. Therefore, people 
are prone to infection when 
they make contact with a person 
whose infect ion is entering 
a high-risk setting. This also 
means no need for shutdown as 
detection of clusters would block 
the spread of COVID-19.

Difficulties In Detection Of COVID-19
  Although it has been highlighted over and over, restrictions are still placed upon the detection 
COVID-19. Privacy is a major issue regarding the tracing of infected people. The necessity to 
reveal the origin of a cluster and the route for the safety from COVID-19 collides with the 
personal information protection issues. It is true that Korea coped with the infection effectively, 
but the privacy of individuals had to be sacrificed in that process. Also, there are many other 
countries that lack detailed contact tracing data to fully organize the guidance for the citizens 
to avoid the routes taken by the infected people. This also links to the problem of making some 
specific clusters seem bigger than they actually are and losing chances to focus on other clusters 
that remain hidden. This kind of bias affects the different intensities in cautiousness.
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As the coronavirus spread rapidly, the use of 
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South Korea is one of the few 
countries in the world where 
disposable medical masks for 
both surgical and public use are 
categorized according to their 
level of protection (S. Lee, 2020). 
Before the COVID-19 outbreak, 
medical mask producers had been 
intensely mass-producing nearly 
350 million masks from the start 
of Summer to the end of Autumn 
when the public demand for masks 
are relatively small due to low fine 
dust concentration, and selling 
them from the start of Winter to 
the end of Spring when the public 
demand for masks is relatively high 
due to high fine dust concentration. 
As such, the mask industry was 
a typical seasonal industry with a 
separate semester for production 
and another for sale.
This changed with the outbreak 
of the SARS-CoV-2 virus in South 
Korea. Mask producers no longer 
had the re laxat ion per iod of 
pausing their factories that produce 
medical masks because the public 
was in constant demand for new 

disposable medical masks 
against potential SARS-CoV-2 
hosts in the public (S. Noh, 
2020). The SARS-CoV-2 virus 
was present in its host’s 
respiratory droplets, having 
the potential to infect another 
host by expectoration (H. 
Lee, 2020), so the public was 
virtually defenseless against 
the threat of the SARS-CoV-2 
virus without medical masks.

Most people in the public 
use one of the two types 
of medical masks provided 
to  them i n  pharmac i e s : 
disposable ones and filter 
changeable ones. A substantial 
ma j o r i t y  o f  t h e  pub l i c , 
however, use d isposab le 
one because they are more 
convenient. As mentioned 
before, the South Korean 
government  ca tegor i zes 
medical masks into specific 
categories according to dust 
col lect ion ef f ic iency and 
leak rate, and assigns where 

KF94 masks , masks  with  a 
performance standard of dust 
col lection eff ic iency higher 
than 94%, are the most widely 
used masks by the public in the 
current SARS-CoV-2 outbreak in 
South Korea. As shown on figure 
2, the performance standard 
of masks depends on, generally 
speaking, two filter sheets that 
are surrounded by the main 
body of the mask. The second 
filter is the part that does most 
of the filtration, and it operates 
by using a very simple scientific 
principle: static electricity. 
As shown on figure 3, a high 
current is sent through the 
fabr ic that const i tutes the 
second filter. Since the electric 
current is a strong negative 
charge, positive charges in the 
fabric move closer to the source 
of the current, which would be 
the surfaces of the strands of 
fabric. Ultimately, this makes the 
fabric become positively charged 
from the surface perspective, 
s ince the equa l  amount of 
negative charges that the fabric 
originally contained would be 
repelled by the current into the 
center of the strands of fabric. 
When dusts, or other impurities, 
touch the positively charged 
strands of fabric, they would 
st ick to the fabric because 
the negative charges that the 
impurities naturally possess 
would be attracted by the strong 
positive charge of the surface of 
the fabric.
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Containment of COVID-19 
pandemic which has spread 
to over 200 countries is a 
true challenge for mankind. 
A s  o f  1 2 t h  May  2020 , 
d i f ferent  countr ies  are 
seeing different levels of 
COVID-19 activity and each 
country’s current situation 
is being updated on a daily 
basis. The total number of 
Coronavirus cases around 
the wor ld i s  4 ,088 ,848 
cases with 283,153 cases of 
death (WHO, 12 May 2020). 
Figure 1 shows the number 
of COVID-19 cases in each 
region. 

How do people perceive 
and react to COVID-19? 
While people have been 
quarantined inside their 
h o u s e s , m a n y  p e o p l e 
a r e  t u r n i n g  s t r e s s f u l , 
and horrifying news and 
information are circulating 
social media. At this period, 
one of the most important 
things that we need to 
do is understand how the 
general public is reacting 
to the s i tuat ion . There 
was a survey targeted at 

5000 residents of the U.S. 
that aimed to evaluate how 
well the general public is 
managing the coronavirus 
outbreak . Many peop le 
a re  ge t t i n g  COVID-19 
information from various 
sources. Of all respondents, 
71% prefer news outlets, 
50% prefer social media, and 
43% rely on data issued by 
credible health organizations 
such as the World Health 
O r g a n i z a t i o n  ( W H O ) 
or Centers for Disease 
Control and Prevention 
(CDC). As their information 
s o u rc e s  v a r y  i n  m a ny 
aspects, the precautions 
p e o p l e  t a ke  t o  av o i d 
contamination also vary. 
85% of respondents opted 
for frequent handwashing 
with soap and water, 76% 
for hand sanit izers, and 
82% for committing to the 
idea of social distancing. 
In addit ion, 73% of the 
respondents responded 
that they are stressed about 
the coronavirus outbreak, 
whe re a s  2 7%  o f  t h em 
responded not. To cope 
with stress, people rely on 
Netflix or physical activities. 
Another major concern 
during this health crisis is 
job stability, and 34% believe 
that they are at risk of 
losing their job. (Patel, 2020) 

The survey does give us 
an insight into how people 
are reacting to the ongoing 
crisis. The number of cases 
is increasing every day, and 
we still have no cure. 

Around the world, people 
started buying up large 
quantities of toilet paper. 
In Australia, supermarkets 
have restricted supplies to 
one pack per person, and 
in Hong Kong, there was 
an attempt to steal toilet 
papers from a market. Why, 
then, is there such a high 
demand for toilet papers? 
Some  expe r t s  s u g ge s t 
the psychological reason 
behind their behaviours. 
F i r s t l y ,  t o i l e t  p a p e r 
symbolises control. Since 
the COVID-19 has brought 
chaos around the world, 
people are afraid of losing 
control, and toilet paper 
is used to control hygiene 
and cleanliness. Similarly, 
toilet paper is regarded as 
an element of comfort and 
security. People want toilet 
paper to use them as tissue 
and so i t  i s  used when 
they have the flu or any 
other diseases. Also there 
were countless memes and 
rumors around toilet paper 
and COVID-19 and one
of them is that the material 
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fig.1.  Situation in numbers (WHO, 12 May 2020)

fig.2. Distribution of COVID-19 cases worldwide 
(European Centre for Disease Prevention and Contol, 12 May 2020)

fig.3. Geographical distribution of COVID-19 cases worldwide 
(European Centre for Disease Prevention and Contol, 12 May 2020)



used to make face masks 
is  the same as that for 
toilet paper. Thus, people 
buy toilet paper to signify 
themselves that they are in 
control of themselves in this 
situation. 

Kim Bitnaeri, a renowned 
life science professor at 
Seoul National University in 
South Korea, has analyzed 
the RNA transcript of the 
virus that causes COVID-19 
in fect ions for  the f i rs t 
t ime in  the wor ld . The 
Institute of Basic Science 
(IBS) announced on April 
9th that a research team 
led by Professor Kim has 
completed a genetic map of 
SARS coronavirus 2, which 
is the cause of COVID-19 
i n f e c t i o n s . T h e  S A R S 
coronavirus 2 (SARS-CoV-2) 
is composed of a gene in 
the form of an RNA and 
penetrates a host cell and 
replicates an RNA in cells. 
“Through this information 
about SARS-CoV-2, the 
s t u d y  w i l l  c o n t r i b u t e 
to the deve lopment  o f 
vaccines and treatments for 
COVID-19 in the future” 
said Professor Kim. This led 
the world to a step closer 
to the end of COVID-19. 
Since the disease has spread 
quickly to all corners of 
the world in just a short 
time, the most important 
thing is a future plan. The 
World Health Organization 
(WHO) has announced a 
global strategy to respond 
to COVID-19. This includes 
5 objectives: all communities 

need to ensure that every 
society takes participation 
in preventing cases through 
hand hygiene and physical 
distancing, control sporadic 
cases and clusters, suppress 
community transmission, 
r e d u c e  m o r t a l i t y  b y 
p ro t e c t i n g  v u l n e r a b l e 
populations, and develop 
safe and effective vaccines. 
It’s important to keep these 
5 strategies and to try to 
successfully complete them. 
The best way to control 
this awkward situation is 
to prevent the spread of 
disease. There are 4 easy 
things that you can do to 
prevent further spread of 
the disease and to care 
for yourself. First, isolate 
yourself. Stay away from 
crowded space, and separate 
yourself from other people 
in your home. Second, seek 
medical attention only if 
necessary. If you have any 
symptoms or feeling bad, 
make sure your doctor is 
aware of it. Next, monitor 
your symptoms. This is a 
very important process 
because the symptoms may 
change and you may need 
medical help. Lastly, stay 
clean. You need to wear a 
face mask and wash your 
hands frequently. 

At this moment, people are 
desperately wishing for this 
situation to end as soon as 
possible. We should all join 
our minds and forces to do 
the best we can.
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Around the second week of December, 
a massive outbreak of a virus caught my 
attention. At first, I thought it was a virus 
that was only going to spread through 
China; unfortunately, with the Chinese 
New Year nearing and due to the annual 
mass migration, the virus spread laterally. 
Now, it seems that in parts of East Asia and 
Europe, the number of confirmed patients 
has settled, whilst in the United States and 
the Middle East, numbers are still rising 
exponentially. The UAE declared lockdown 
in the first week of April however with the 
holy month of Ramadan approaching, all 
restrictions became loose and kickstarted 
the rapid rise in numbers of confirmed 
patients. Wuhan’s pneumonia was officially 
named COVID19 and since it is the second 
strain of the SARS virus, it is called SARS-
CoV-2.

When the v irus was f irst  d iscovered, 
scientists gave the name corona, which means 
‘crown’ in Latin due to its unique form of 
spike proteins on the surface. Originally, only 
cold symptoms were displayed, but SARS and 
MERS caused pneumonia, a disease known 
for its high fatality rate. SARS-CoV-2 is the 
most recently identified coronavirus strain, 
with its genetic structure similar up to 79.5% 
with the SARS virus and 96% identical with 
the bat’s coronavirus (Helmy et al, 2020). 
The coronavirus is usually transmitted 
to the human body through oral mucous 
membranes and lungs, because of a receptor 
on the surface of the host cell named ACE2 
(Angiotensin-Converting Enzyme 2) and spike 
proteins on the surface of the virus bind 
neatly to penetrate the human body. However, 
when they bind incorrectly, the virus will not 
be able to replicate, and the virus will die. 
ACE2 is an enzyme that attaches to the cell 
membrane of cells in the lungs, heart, kidney, 
and intestines.
 
In February 2020, a joint research team at 
the University of Texas and NIAID Vaccine 
Research Center found that the spike 
protein in COVID19 had a higher affinity 
for the ACE2 receptor than the SARS virus 
explaining the highly infectious nature of the 
COVID19 (Wrapp et al, 2020). In a layman’s 
terms, it means that the spike proteins stick 
better to the ACE2 receptors.

fig. 1. Diagram of SARS-CoV2 
and ACE2 Receptor 

Pathway of
COVID-19 into our Bodies 
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Opinion Editorial

Vaccination, the stinging shot all children fear. It is the bitter 
medicine we know we must take but dread at the same 
time. However, in recent years, there have been numerous 
posts and ideas from social media stating that the effects 
of vaccinations may be the opposite of the intention Also, 
despite years of scientific research and information about 
vaccination, there is a growing movement in America where 
parents choose not to vaccinate their children. In a recent 
survey of over 2000 American parents, 45% of participants 
have stated that something has caused them to doubt the 
safety of vaccinations. So what has generated this rapid 
campaign of anti-vaccination?

Some people fear that the process of introducing a 
deactivated version of a virus or bacterium may weaken the 
immune system and make a child unwell. However, vaccination 
is an action of injecting weakened pathogens or antigens 
to stimulate the production of antibodies. As the antigens 
enter the bloodstream, they trigger the lymphocytes to make 
antibodies. The first time the human body is exposed to 
the antigens is noted as the primary response. During this 
time, antibodies attack the antigens, but they are completely 
harmless and our body learns how to defeat them. And 
because our body has experienced making antibodies for the 
specific antigen already, the second time we are infected with 
the same pathogen, the lymphocytes are able to destroy the 
microbes promptly. 

Another common myth is that vaccinations can cause autism. 
This ideology first sprouted from a study in the 1990s. The 
researchers of this study claimed that receiving vaccinations 
for measles, mumps, and rubella increased a child’s chance 
of developing autism. However, the researcher, Andrew 
Wakefield and his claims were met with much suspicion from 
other medical studies. Others claimed that there were several 
ethical violations as well as severe research misconduct which 
led to flawed results. Additionally, people noted that there 
were only 12 children taking part in the study which is an 
insufficient number of trials to prove the theory. 

Vaccination 
Myth-busting

More recently, in April 2020, 
Professor Penninger at British 
Columbia University, Canada, 
judged that preventing the contact 
between the ACE2 receptors 
and the spike proteins on the 
surface of the virus may prevent 
the human body from getting 
infected. Therefore, a similar-
structured protein, hrsACE2, 
was ar t i f ic ia l ly  synthes ized. 
When the artificial protein was 
injected into an organoid that 
was infected with COVID19, it 
reduced the number of viruses 
by approximately 1/5000. He 
noted that “the coronavirus died 
without being able to replicate 
because it mistakenly combined 
with the hrsACE2 protein”.
 
W i t h  i n t e n s i v e  r e s e a r c h 
occurring around the world 
in technologica l ly  advanced 
countries (South Korea, the 
United States, Germany), the 
development of vaccines does 
not seem like a faraway dream. 
Nevertheless, the possibility of 
the prolonged spread causing 
further mutations--and eventually 
a secondary spread must be also 
noted.
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