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Abstract: Coronaviruses are a group of viruses that infect mammals and
birds, resulting in mainly respiratory problems. Human coronaviruses are
known to cause the common cold, but there are some that can be lethal, to
the point of causing a pandemic. In fact, out of the seven known human
coronaviruses, three have caused global pandemics in just the last 20 years.
Increased human contact with wild animals and an ever-increasing
population of international travelers have made it possible for new strains
to emerge and spread from country to country. Even the least contagious
viruses can prove devastating in the current global economy. This paper
will discuss the methods being used to control current coronavirus
outbreaks and prevent future outbreaks in the state of Georgia.
Note: Remember when reading that this paper was written from February
into April, 2020, at the very early stages of the COVID-19 pandemic.

1 Introduction
Coronaviruses are not new viruses. These viruses have been infecting humans for decades;
however, it’s only been recently that strains of coronaviruses have been infecting and
killing humans at an unprecedented rate. There are currently three reported types of fatal
coronaviruses. These are Severe Acute Respiratory Syndrome, Middle East Respiratory
Syndrome, and the newly discovered Severe Acute Respiratory Syndrome Coronavirus 2
(now called COVID-19) that is the cause of the 2019-2020 coronavirus disease outbreak.
The first fatal case of coronavirus was severe acute respiratory syndrome, also called
SARS, which originated in the Guangdong Province in China in 2003. On March 12,
2003, the World Health Organization (WHO) issued a global warning for a disease
similar to pneumonia. Two days later, on March 14, the CDC activated their Emergency
Operation Center and then proceeded to name the virus SARS. SARS quickly spread to
over 37 different countries in a matter of weeks, mainly through travelers coming into
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said countries from China, or coming into contact with people who had been to that
region of China [2]. According to the CDC,SARS Response Timeline, on July 5th, the
WHO announced that the outbreak of SARS was globally contained [6]. There had been,
“8,273 confirmed cases of infection, of which 775 (9%) were fatal” [2]. Since then, there
have been no reported cases of SARS, including at the time of writing this paper,
February 23, 2020.
The second lethal coronavirus was Middle East Respiratory Syndrome, or MERS.
Though MERS was first reported in Saudi Arabia in September of 2012, retrospective
investigations have found that it may have originated in Jordan in April 2012. According
to WHO, since September 2012, there have been 2,494 confirmed cases of MERS
throughout the world reported from 27 different countries. A large majority of these cases
are mainly from countries in the Arabian Peninsula, such as Qatar, Oman, and Jordan.
Saudi Arabia had the highest number of occurrences, at 2,102 confirmed cases of MERS.
Of those infected, 858 died due to MERS-related effects, with 780 of those deaths
occurring in Saudi Arabia. This gave MERS a higher fatality rate than SARS, coming in
at around 34.4% [9].
The third and most recent case of a lethal coronavirus is severe acute respiratory
syndrome coronavirus 2, also called SARS-CoV-2 or COVID-19. Just like the original
SARS, this virus originated in China. However, this time, COVID-19 appears to have
come out of Wuhan, China, in Hubei Province. This coronavirus appears to have the
largest case count out of all 3 fatal coronaviruses. A WHO situation report published on
February 22, 2020 states that so far, there are 77,794 confirmed cases of COVID-19
worldwide from over 29 different countries (See Figure 1). Of these cases, 76,392 are
from China. See Figure 2 for the serious outbreak locations. Also, 2359 deaths have been
confirmed, of which 2348 are also from China [14]. This death count is higher than any
previous coronaviruses. Both the case count and death count are subject to change as the
number of cases appears to be continually rising.

Figure 1: Countries, territories, or areas with reported
confirmed cases of COVID-19, Feb 22, 2020
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Figure 2: Map of China, with COVID-19 outbreaks circled.

2 Control of Coronavirus Outbreaks
Controlling the outbreaks of coronaviruses in a timely manner has proved essential in
stopping their spread. One of the main tools to control a spreading virus is quarantine.
During SARS, there was no vaccine or cure to treat infected individuals, so quarantining
them in spaces away from any human contact seemed to be the best way to slow the
spread of the disease. Infected individuals would usually get quarantined in hospitals and
receive the appropriate aid; meanwhile, individuals suspected of carrying the virus were
isolated in their homes and not allowed much human contact until they had been cleared
by health officials. Quarantine was also implemented during the MERS outbreak. Though
there were promising results for a vaccine for MERS, there is currently no officially
accepted cure or vaccine for MERS. Therefore, slowing the spread by quarantine was very
much required. During an outbreak of MERS in South Korea in May 2015, the South
Korean government quarantined around 16,000 individuals. Even though there were only
186 cases of MERS and the government lost roughly 8 billion U.S. dollars, the epidemic
came to a close only 2 months after it had started [12]. There were 38 fatalities, and there
might very well have been more if the proper measures had not been taken.
Another tool that is useful in controlling viruses is vaccines. As stated before, there
currently are no cures for any of the three above mentioned coronaviruses. However,
there is a large amount of research dedicated to finding vaccines. Currently, there is some
progress in developing MERS vaccines. A U.S. Army-led trial developed and tested a
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vaccine in a human for the first time in 2016. No negative reactions were reported and the
subject appeared to have developed a strong immune system response to MERS. Most
potential SARS treatments were shelved after no new cases of SARS were reported.
However, many researchers are considering going back to these tabled treatments in an
effort to try and control COVID-19 [13].
There are many other ways to help control viruses. Sanitation is a major step in
lowering the rate of the spread of viruses. It is mainly effective in diseases that can spread
orally, and coronaviruses generally do fall in that category. Another potential tool is
antiviral chemotherapy. There are different types of antiviral chemotherapeutic agents,
and they may prove useful in the current outbreak; however, further development is
required in this field. Another possible means is using viruses against each other. When
one virus enters a cell, it creates something called an interferon. Interferons appear to
reduce viral infection when introduced to non-infected cells [7].

3 Prevention of Coronavirus Outbreaks
Prevention of coronaviruses is also very important in order to reduce further new
outbreaks. The main way to prevent them is to prevent transmission of the viruses from
person to person. Quarantine is one of the most obvious ways to do this, as was
previously mentioned before. However, another important step in preventing
transmission is limiting or completely stopping travel to and from infected countries. For
example, during the 2003 SARS outbreak, the CDC issued a “Health Alert Notice” for
any travelers coming out of Hong Kong, China, in Guangdong Province. They also issued
Health Alerts from other countries where SARS cases were reported. Eventually, after
there were no more new cases, the CDC removed their Health Alerts. This was also the
case during the MERS outbreak. Travel to and from the Middle East was incredibly
regulated. During both outbreaks, the CDC repeatedly sent quarantine staff to any planes
that were coming in from the infected area [1].
Another way to prevent coronaviruses is to shut down wet markets that sell wildlife.
Researchers have found that all three fatal coronaviruses may be zoonotic. This means
that the viruses originated in animals, which somehow transmitted them to humans.
SARS was suspected to be from bats, which transferred the virus to civets. Civets are
small, weasel-like creatures, and they were being sold as food in markets in Guangdong
Province. Researchers suspected the virus was transferred to humans who were in contact
with civet meat. Therefore, the CDC banned all imports of civets from China, and the ban
is still in effect to this day [1]. MERS is also suspected to have originated from bats.
However, the animals that transmitted the virus to humans are thought to be camels, a
very important resource in the Middle East used for transportation throughout the desert,
as a food source, and occasionally even in trading. Researchers suspect that somehow,
bats infected the camels, and because of the close contact between camels and humans,
the virus spread to humans. The current coronavirus, SARS-CoV-2, is also suspected to
have originated in bats, which passed the disease to pangolins which were being sold in
an animal market in China. Therefore, shutting down the markets where the carriers of
the virus seem to be so prevalent would theoretically help in slowing infection rates.
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4 Control of Coronavirus Outbreak in Wuhan, China
The virus that causes COVID-19 is spread very easily from person-to-person. The virus
spreads from droplets that are produced when an infected person coughs, sneezes, or talks.
These droplets can land in the mouths or noses of people who are nearby or can be inhaled
into the lungs. A person can also get COVID-19 by touching a surface or object that has
the virus on it and then touching their own mouth, nose, or eyes. Recent studies have also
shown that the virus may be spread by people who are not showing symptoms. All of
these factors make SARS-CoV-2 a particularly dangerous pathogen.
Because the virus spreads so easily between people, the only way to prevent the
disease is by isolation, social distancing, and quarantine. China implemented all three
strategies in order to control the spread of SARS-CoV-2 and to prevent more cases.
Isolation requires separating ill people from the general public. Those with mild
symptoms were required to stay at home, and those with severe symptoms were isolated
in a hospital or health center. Social distancing is a strategy used to reduce the
interactions between. Because the disease is spread when people are in close proximity to
one another, social distancing is an especially important component of control. Examples
for social distancing include closure of schools, office buildings, and shopping centers
and cancellation of large gatherings. Quarantine is the most extreme and effective method
of controlling the spread of a disease. Quarantine requires sealing off a city or a diseaseinfected area; the residents are not allowed to leave, and outsiders are not allowed to enter
[15].
The Chinese government enforced quarantine on the city of Wuhan on January 23.
Transport into and out of the city was closed, with no exceptions even for personal and
medical emergencies. Schools, offices, and all shops were shut down except those selling
food or medicine. Public and private transport was out of the question as everyone was
forced to isolate at home. In some areas, police limited outings to one family member
every two days to buy necessities, and in other areas residents were completely prohibited
from leaving their homes, requiring them to order in food and other supplies. Within 2
months of this complete lockdown, the number of new cases per day in the Hubei
province had stabilized (Figure 3) [8]. Wuhan had managed to “flatten the curve.” This
is the idea of slowing a virus' spread so that fewer people need to seek treatment at any
given time. Similar quarantines were enforced in cities throughout China. The Chinese
government’s implementation of isolation, social distancing, and quarantine was effective
in reducing the peak number of COVID‐19 infections and controlling the spread of the
virus within the country (Figure 4) [11].
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COVID-19 in China’s
Hubei Province

\

Figure 3: Confirmed COVID-19 Cases and Deaths in Hubei Province [8].

Outbreak Evolution in China:
Daily Cases to April 12

Figure 4: Outbreak evolution in China, showing new cases each day [11].

5 Controlling the Coronavirus Outbreak in Georgia, USA
The first reported cases of COVID-19 in Georgia occurred on March 2, 2020 [6]. On the
next page, Table 1 and Figure 5 show data and graph for the course of the epidemic
through April 28, 2020, the end date for this research project.
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COVID-19, GA

Figure 5: Rise of total cases in Georgia for first 2 months [15].
We noted that the cumulative case graph was rising at an
ever steeper rate till the end of March, and then did not continue
to get steeper. Thus the March portion of the graph looked like
y' = ky , with solutions
kt
y=Ce .
We found a reasonable fit for the data curve (in March) using
t = 0 , y = 191 on March 15, and
t = 17, y = 4805 on April 1.
Thus the final mathematical model that was derived is
0.1897t

y = 191 e

.

Table 2 on the next page gives the results, and Figure 6 shows
the comparison of this model with the given data of Table 1
through April 20 when the scale of the model ceases to obscure the
curve of data.

Table 1: Cumulative
COVD-19 cases in GA
USA, over the first
two months [15].
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Modeling with
y = 191 e0.1897

t

Figure 6: Comparing predicted values (Table 2)
with data (Table 1) to April 10, 2020.

Based on Figure 6 and Table 2, we can see that
the projected number grows exponentially in April.
However, back in Figure 5, we can see that the
actual number of cases in Georgia stopped
increasing so rapidly at the end of March.
Georgia, on March 20th, banned most social
gatherings including churches and most nonessential businesses. Then a “Shelter-in-Place”
order began on April 3rd. So we see that although
the actual number of cases began to exponentially
increase in March, we also see that eventually,
thanks to the quarantine and the stay at home order,
the curve had begun to flatten in early April.
If the “Shelter-in-Place” order and social
distancing are enforced further, Georgia should
avoid the exponential rise in cases shown in the red
line of Figure 6.
Table 2: Predicting from model,
using March 15 and April 1 to
evaluate C, k .
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