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�   Introduction
In December of 2019, clusters of respiratory illnesses of 

unknown etiology broke out in the Wuhan district of the Hu-
bei Province. This new illness was isolated and discovered by 
Chinese authorities to be a new form of Coronavirus (SARS-
Cov2) on January 7th, 2020.¹ SARS-Cov2 causes COVID-19 
which is a flu-like illness that is particularly fatal to the elderly. 
Before delving into treatment for the disease, it is important to 
examine SARS-Cov2.

History of The Coronavirus:
The Coronavirus is thought to have originated around 

as early as 2400 BC as a zoonotic disease which was later 
identified in the 1950’s.² The Coronavirus family consists of 
the Alpha, Beta (Originating in Bats), Gamma, and Delta 
coronavirus (Originating in Birds).³ The virus responsible 
for SARS (Severe Acute Respiratory Syndrome) and MERS 
(Middle Eastern Respiratory Syndrome) are all examples of 
Beta coronaviruses.⁴ Throughout history, the coronavirus has 
had multiple spillover events, for example the SARS epidemic 
in 2002 and the MERS epidemic in 2012.⁵

Transmission of SARS-Cov2:
Once a human is infected, SARS-Cov2 primarily spreads 

through respiratory droplets via coughing and sneez-
ing.⁶ However, recent evidence suggests that salivary gland 
transmission, ocular discharge transmission, and fecal-oral 
transmission are also potential transmission methods.⁷ This 
is still an ever-evolving area of research as new studies are 
constantly confirming/disproving hypotheses.

Viral Attachment and Entry:
As seen in Figure 1, after making its way into the human 

body, the SARS-Cov2 initially binds its Spike (S) protein to 
the host proteins ACE2 and the serine protease, TMPRSS2. 
Following binding, the viral S protein is cleaved into two 
functional subunits, S1 which interacts with ACE2, and S2 
that is further cleaved and activated by TMPRSS2. Togeth-
er, these actions result in viral-host membrane fusion.⁸ These 

high-affinity interactions are essential in viral entry and are 
therefore prime targets in the treatment of COVID-19. For 
example, hydroxychloroquine (HCQ) has formerly been 
shown to inhibit the terminal glycosylation of ACE2 in ma-
larial infections, and thus it was repurposed. Indeed, HCQ 
negatively influences the virus-receptor binding in SARS-
CoV infections.⁹ The beta-coronaviruses, SARS-CoV 1/2 
and MERS-CoV, have been shown to enter the host cell by 
endocytosis.¹⁰ During endocytosis, the virion is surrounded 
by the cell membrane and internalized via the formation of 
cytoplasmic vesicles termed endosomes. After entering the 
cell, the virus begins its replication cycle.¹¹

Viral Replication:
1. Virus Binding
After entry, the replication cycle that SARS-CoV-2 under-

goes consists of five key steps: virus binding, internalization, 
trafficking, membrane fusion, and RNA replication.¹²,¹³ Vi-
ruses attach to the host cell by specific molecular interactions 
between proteins present on the surface of the cell, and pro-
teins present on the surface of the virus.

2. Internalization
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Figure 1: Snapshot of potential COVID-19 treatments and vaccines in 
research pipeline. 
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After the virus has been bound, a variety of mechanisms 
occur directly through the plasma membrane or the mem-
brane of the endosome following endocytic internalization of 
the virus particle. Ultimately, the end result is the entry of the 
viral capsid into the host cell’s cytosol.

3. Trafficking
Nucleocytoplasmic trafficking of viral proteins is vital to 

viral infection. Virus trafficking in host cells depends upon 
a variety of host factors from cytoskeletal networks to endo-
cytic machinery, which can all be targeted. Additionally, the 
fact that the virus requires an acidic environment inside the 
endosome for viral uncoating and nuclear translocation can 
also be targeted.

4. Membrane Fusion
During this process, the cell membrane is punctured in or-

der to connect with the unfolding viral envelope. Once this 
occurs, the viral genome is injected into the host cell’s cyto-
plasm.

5. RNA Replication
Because SARS-CoV-2 is an RNA virus, it must undergo 

RNA replication by a virus encoded RdRp. After all require-
ments for replication are ready, the virus begins to create 
copies itself in vast amounts.

COVID-19 Symptoms in Humans:
After the virus has replicated enough times to the point 

where the immune system sees a major threat, symptoms be-
gin to appear in humans, which serves as a sign to show that 
the body is fighting the virus. The researchers of the Chi-
nese Center for Disease Control divided the symptoms into 
three sections based on clinical manifestation: mild, severe, 
and critical disease. During the mild component, the symp-
toms are subdivided into uncomplicated illness and moderate 
pneumonia. Uncomplicated illness has symptoms similar to 
that of the flu such as mild fever, cough, nasal congestion, sore 
throat, malaise, headache, muscle aches, loss of taste/smell, 
diarrhea, and vomiting. After the disease has progressed into 
moderate pneumonia, tachypnea can be seen. Subsequently, 
severe disease means that severe pneumonia is present whose 
symptoms include fever associated with severe dyspnea, re-
spiratory distress, hypoxia, and cyanosis appear. Once the 
disease manifests into critical disease, Acute Respiratory Dis-
tress Syndrome (ARDS), septic shock, and multiple organ 
dysfunction/failure can be observed. However, progression of 
the disease into the critical stage can be prevented through 
the use of antiviral drugs.¹⁴
�   Discussion
Potential Repurposing Agents Against COVID-19:
Antiviral drugs are designed to treat diseases such 

as COVID-19; however, creating drugs specifically for 
COVID-19 can take years due to the safety requirements and 
clinical trials necessary to prove its effectiveness and safety. 
In current situations where time is of the essence, it is best to 
utilize repurposed agents, or drugs that are effective against 
many kinds of viruses or diseases similar to COVID-19. As 
of right now, remdesivir, HCQ, and nebulized alpha inter-
feron treatment can all be utilized in the current outbreak, 

which requires urgent attention due to the vast number of 
growing cases.¹⁵

As seen in Figure 1, the majority of current research re-
garding COVID-19 is taking place in vaccine research, and 
repurposing compounds is one of the lowest priorities at this 
time. Although creating vaccines is important in the long 
run, it is important to note that vaccines will not help cur-
rent patients that are suffering, and vaccine creation is also 
time-consuming. Thus, due to the value of time, it is import-
ant that the focus is shifted onto repurposing agents rather 
than vaccines.¹⁶ When deciding what compounds to use, it 
is important that how the drug targets the virus is observed. 
Our targets are determined by the viral replication cycle, of 
the five steps described above.¹⁷ Of these five steps, remde-
sivir targets RNA Replication, HCQ targets endosomal pH 
during trafficking, and interferons (IFNs) boost the immune 
response.¹⁸-²⁰

Remdesivir: A Potential Repurposing Agent Against 
COVID-19:

Remdesivir is an antiviral agent that was originally devel-
oped to treat the filoviruses Marburg and Ebola.²¹ As seen 
in Figure 2, the active molecule in remdesivir, GS-441524, 
inhibits viral RNA replication, thus leading to it being rec-
ognized as a broad-spectrum drug against RNA viruses.²² 
Remdesivir is an adenosine analog that blocks all nucleotides 
after adenosine, thus prematurely terminating RNA sequenc-
es. Intravenous administration of 10 mg/kg dose of remdesivir 
shows that it grants 100 % protection against Ebola virus in-
fection and the EC90 value is about 1.76 μM in Vero E6 
cells.¹⁸ Thus, remdesivir’s potential against COVID-19 is 
promising.

As seen in Figure 3, remdesivir is being tested across a 
variety of countries’ respective healthcare facilities. These 
trials could be crucial to finding an effective treatment for 
COVID-19, and few of these trials, such as Gileads and the 
National Institute of Health’s (NIH), are occurring in the US 
itself. Gilead’s Phase III clinical trial is an on-going random-
ized trial with roughly 6000 participants with Remdesivir as 
the standard of care with patients ranging from moderate 
to severe disease; the trial is split into 4 subcategories with 
different dosage periods ranging from 5 to 10 days and vary-
ing dosage amounts at either 100 mg or 200 mg. The NIH 
clinical trial is a randomized placebo-controlled study with a 
double-blind, the trial has currently enrolled over 1000 par-
ticipants.²³

Figure 2: Remdesivir and Hydroxychloroquine: potential mechanisms of 
action against coronavirus. 
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Hydroxychloroquine: A Potential Repurposing Agent 
Against COVID-19:

HCQ is an anti-malarial and immunosuppressive drug 
with potential as a broad-spectrum antiviral drug. HCQ 
stands out from other drugs as it is effective at both entry 
and post-entry due to the nature of its inhibition.¹⁹ During 
endocytosis, capsules known as endosomes transport the vi-
rus, and in order for viral replication to ensue, it is required 
that the endosome be acidic.¹¹ However, HCQ increases the 
pH of endosomes during viral entry, making the endosome 
inhospitable, and preventing viral RNA synthesis. As seen in 
Figure 2, these endosomes are present in both endocytosis 
and exocytosis, meaning HCQ functions at both points.²⁴ On 
top of this, hydroxychloroquine is inexpensive and has already 
been used in several patients with little to no adverse effects 
which highlight its treatment potential.

Additionally, looking at studies done on hydroxychloro-
quine, patients who took hydroxychloroquine as a medication 
began receiving significantly smaller amounts of positive 
PCR test results than the control group. As seen in Figure 
3, by day 6, the percentage of positive samples went from 
100 percent to roughly 30 percent, whereas the control group 
stayed around 90 to a 100 percent with smaller detectable 
amounts of virus particles.²⁵ However, recent clinical trials 
have shown that Hydroxychloroquine has no significant im-
pact on the clinical status of hospitalized adults.²⁶ 

Alpha Interferons: A Potential Repurposing Agent Against 
COVID-19 :

Pegylated (Pegylation is a type of chemical modification for 
therapeutic enhancement) interferon alfa-2a and alfa-2b have 
already been in use for treatment against HBV (Hepatitis B) 
and HCV (Hepatitis C).²⁰ This type of treatment involves 
the induction of interferons (IFNs), which are proteins that 
are naturally released as warning mechanisms against infec-
tion. The advantage in utilizing IFNs is the fact that they 
respond to a broad spectrum of viruses and they work effi-
ciently in all stages of viral replication. In essence, IFNs call 
immune cells such as Macrophages and Natural Killer (NK) 
cells to action, which ultimately contribute to fighting off the 
infection in the host.²⁷

As seen in Figure 4, IFNs bind their receptor and lead 
to the activation of certain signaling pathways, mainly the 
JAK/STAT pathway.²⁸ In normal cells, induction of STAT 
phosphorylation leads to interferon stimulated gene (ISG) 
expression and antiviral activity. However, in the case of a vi-
rus-infected cell, phosphorylation of STAT and ISG’s is 

Figure 3: COVID-19 clinical trials.

blocked, resulting in IFNs not being stimulated for use.²⁹ Be-
cause of this, IFNs can’t call the immune system to fight off 
the viruses, resulting in a lack of tools for the body's fight 
against the virus. In order to artificially stimulate these, IFNs 
will be administered intravenously or intramuscularly with 
varying dosages. These artificial IFNs will do the task of reg-
ular IFNs as if the virus-infected cell was healthy.

Although these drugs and treatments are extremely effec-
tive, each of these has their own drawbacks. Remdesivir has 
proven to be effective in-vitro; however, in previous years it’s 
success in-vitro and in-vivo have not translated to clinical 
trials.²³ Hydroxychloroquine, on the other hand, can pos-
sibly cause diarrhea, muscle cramps, dizziness, headaches, 
nausea, or vomiting.³⁰ Lastly, alpha interferon treatment is 
known to have several adverse effects such as anemia which 
need to be closely monitored.³¹ Despite these side effects, it 
is essential that we overlook the negative end of the spectrum 
as the benefits outweigh the disadvantages. Hydroxychloro-
quine is an extremely cheap drug that is relatively common 
and Remdesivir has a relatively safe track record; however, in 
recent trials, hydroxychloroquine has been linked to arrhyth-
mias and participants of the trial were twice as susceptible to 
heart attacks.³² Alpha Interferon treatment can also be safe 
if dosages are closely monitored and intervention is ready if 
necessary. Overall, these side effects can be overcome with 
careful planning and monitoring, and hydroxychloroquine 
can be monitored closely to ensure that serious side effects 
don’t appear.
�   Conclusion
Remdesivir, hydroxychloroquine, and alpha interferons are 

individually very effective; however, in order to account for the 
vast heterogeneity in patients, it would be best to use a cocktail 
of these drugs in carefully controlled dosages to due to the fact 
that it could effectively neutralize virus particles inside a pa-
tient in any stage of infection. Due to the individual strengths 
of each drug, the cocktail could be administered to a wide va-
riety of patients with varying levels of exposure and symptoms.

In addition to these three drugs, researchers are also looking 
into a corticosteroid called Dexamethasone and an anti-rheu-
matic drug called Tocilizumab. After COVID-19 progresses, 
diffuse lung damage can occur, but Dexamethasone modu-
lates inflammation-mediated lung injury, resulting in a higher 
survival rate for patients and decreasing the risk of further pro-
gression into respiratory failure.³³ Additionally, the body will 
sometimes release a cytokine storm as a last-ditch attempt to 
subdue COVID-19, however this storm damages the body as 

Figure 4: COVID-19 clinical trials.
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well as the virus. In order to mitigate the side effects, which 
can include lung tissue fibrosis, Tocilizumab is used.³⁴ It is 
clear that these are all very viable drugs, however they primar-
ily focus on alleviating symptoms of COVID-19 rather than 
directly affecting the viruses in the host, which makes remde-
sivir, hydroxychloroquine, and interferons a better approach. 

Although there are a good number of trials regarding 
COVID-19 treatment, a majority of the trials are focusing on 
vaccines. Rather than focusing on long-term issues, we should 
first prioritize repurposing drugs for COVID-19 treatment. 
If we take the time to look into the medicine of our past and 
see how it can be used now, we could accomplish our goal of 
creating a gold-standard treatment for COVID-19. Ideally, 
these trials wouldn’t just test a single drug against COVID-19, 
but rather a cocktail of drugs designed to inhibit the virus at 
several stages of disease. In a randomized placebo-controlled 
trial, this cocktail would be delivered at an effective dose and 
monitored for any adverse effects. These adverse effects would 
not only include side effects from each individual drug, but 
also any interactions between the drugs that could potentially 
be deadly. The most beneficial aspect in my opinion is the fact 
that SARS-CoV-2 will not have as great of a chance of mu-
tating in order to gain immunity from a drug as it would have 
had if only one drug was consistently used to treat it. This pro-
tection from developing immunity would be very important as 
it means there’s a lower chance of SARS-CoV-2 coming back 
annually.

As Benjamin Franklin stated, “Lost time is never found 
again”, and therefore it is important to safely find a treatment 
for COVID-19 as soon as possible. Repurposing drugs gives 
a chance to effectively use the time given, and efficiently using 
this time is of paramount importance in a pandemic.
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