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coronavirus disease 2019 (COVID-19) and the rationale for
their utilization: A review
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Summary

SARS-CoV-2 has caused a pandemic which is putting strain on the health-care sys-

tem and global economy. There is much pressure to develop both preventative and

curative therapies for SARS-CoV-2 as there is no evidence to support therapies to

improve outcomes in patients with SARS-CoV-2. Medications that inhibit certain

steps of virus life cycle that are currently used to treat other illnesses such as Malaria,

Ebola, HIV and Hepatitis C are being studied for use against SARS-CoV-2. To date,

data is limited for medications that facilitate clinical improvement of COVID-19

infections.
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1 | BACKGROUND

Severe acute respiratory syndrome coronavirus 2 or SARS-CoV-2

which causes coronavirus disease 2019 or COVID-19 was initially

identified in Wuhan, China during December 2019; has spread world-

wide, causing a pandemic.1 Although the amount of reported cases is

uncertain due to the variable sensitivity of testing and reported symp-

toms, it is estimated that over 1 million cases and 60 000 deaths have

occurred.1 Symptoms of COVID-19 vary and include fever, fatigue,

dry cough and myalgia. Severity of the illness ranges from asymptom-

atic to severe with a fatality rate of at least 2.3%.1

As this pandemic causes strain on global health-care, there has

been an urgent need to establish standard therapies to improve out-

comes. Moreover, there is no known effective prophylactic therapy

against COVID-19 and so far, there are no medications that have

undergone large clinical trials that demonstrate improved outcomes

against SARS-CoV-2.1 Currently, there are only recommendations

against further spread through proper hand hygiene, respiratory

hygiene, self-quarantine and person protective equipment [PPE] for

health-care workers.2 Vaccination using BCG against COVID-19 has

been proposed, however human trials are still being conducted and

limited data is available on their efficacy, safety and when they will be

available to the general public.3 Given the current pandemic of

COVID-19, there has been proposed use of available medications to

improve outcomes in patients with SARS-CoV-2. We present a review

of proposed therapies for COVID-19, their mechanisms of action and

their efficacy.

2 | DISCUSSIONS

Selecting a medication to reduce viral load and infection relies on cur-

rent understanding of SARS-CoV-2 life cycle. SARS-CoV-2 is a non-

segmented, enveloped, positive-sense RNA virus, belonging to the

Nidovirales order.4 Structurally, SARS-CoV-2 had 4 proteins of inter-

est; the spike [S], membrane [M], envelope [E] and nucleocapsid [N]

with the spike protein being used for the viral entry into host cells by

attaching onto angiotensin-converting enzyme 2 [ACE2].5,6 Once
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bound, SARS-CoV-2 gains access to the cytosol of the host cell by

cleavage of the S protein by TMPRRS2.4,6 Within the cytosol, SARS-

CoV-2 begins the synthesis of replicase and other nonstructural pro-

teins. Once this is complete, it begins the synthesis of its structural

proteins through the use of its own RNA-dependent RNA polymer-

ase.4,6 After assembly of the virus, it exits the cell and begins the pro-

cess again. Although the exact pathogenesis of SARS-CoV-2 is poorly

understood, one proponent of its pathogenesis is that it induces pro-

inflammatory cytokines and chemokines such as IL-6, TNF α, IL-1B

and GCSF which can lead to a cytokine storm and subsequent endo-

thelial damage.7

Understanding the replication cycle of SARS-CoV-2 can help

researchers hypothesize potential medications agents that prevent

the viral entry, protein synthesis and replication cycle [Table 1].

Beginning with viral entry via the S-protein and ACE2 receptor,

Umifenovir [Arbidol] targets the S-protein/ACE2 interaction which

prevents viral entry into cells. It is currently being studied as both a

treatment and prophylactic agent against SARS-CoV-2.8 In a study

done by Wang et al on the use of this medication, it showed to

decrease mortality and increase discharge rate8; however, there were

many limitations with this study such as nonrandomization and there

needs to be more data on this therapy to prove efficacy. Camostat

mesylate is another agent being investigated to inhibit viral entry, as it

inhibits TMPRSS2 which facilitates viral entry into the host cell.9

Although in vitro, this medication inhibits viral entry into cells, human

trials are still pending.9

Chloroquine and Hydroxychloroquine are anti-malarial drugs are

being studied as potential drugs of choice for SARS-CoV-2. These

medications work by inhibiting membrane fusion, glycosylation of

host receptors, endocytosis as well as decreasing cytokine produc-

tion.10 Despite its mechanism of action, there has been no study that

shows clear benefit of using either agent.11 In a systematic review by

Sarma et al hydroxychloroquine showed no difference in cure [OR

2.37, 0.13-44.53], worsening of disease [OR 1.37, 1.37-21.97] or

safety concerns [OR 2.19, 0.59-8.18]11 when compared to conven-

tional treatment. Also, chloroquine and hydroxychloroquine have

adverse effects such prolonged QT interval, hypoglycemia, cardiomy-

opathy; although well tolerated in healthy individuals, these side

effects can be more prominent in critical ill patients.12

Protease inhibitors used in HIV such as Lopinavir/Ritonavir had

potential for SARS-CoV-2 therapy as it inhibits 3-chymotrypsin-like

protease.6 in vitro studies did demonstrate some efficacy. However,

in a randomized trial done by Cao et al the use of Lopinavir-Ritonavir

showed no decrease in time to clinical improvement and no statistical

difference in mortality rates.13 Another study by Chan et al investi-

gated the early use of Lopinavir-Ritonavir within 7-10 days of initial

infection finding its use was associated with a decrease in death rate

by 2.3%.14 Early use does pose a challenge to the utility of this medi-

cation as this time frame is still within the incubation phase and most

patients are asymptomatic.1 Lopinavir/Ritonavir does cause gastroin-

testinal upset as well as hepatotoxicity; which is further exacerbated

by SARS-CoV-2 infection.13

TABLE 1 Potential Therapies for COVID-19

Medication Mechanism of action Dose Efficacy

Umifenovir [Arbidol] S-protein/ACE2 inhibitor 200 mg TID PO for 7-14 days6 Limited studies; decrease mortality

and increase discharge rate

Camostat mesylate Inhibits TMPRSS2 2 × 100 mg TID PO for 5 days27 Effective in vitro, human trials pending

Chloroquine

hydroxychloroquine

Inhibit membrane fusion, inhibit

glycosylation of host receptors,

inhibit endocytosis, decrease

cytokine production

400 mg BID PO for 1 day then

200 mg BID for 4 days6
No clear benefit of use shown

Lopinavir/Ritonavir Inhibits 3-chymotrypsin-like protease 400 mg/100 mg BID for 14 days6 Effective in vitroHuman trials show no

decrease in time to clinical

improvement and no change in

mortality

FavipiravirRibavirin

Remdesivir

Inhibit RNA-dependent RNA

polymerase

Dose not established for Favipiravir

Dose proposed for Ribavirin: 1.2-2.4 g

TID PO

Remdesivir 200 mg IV X1 then

100 mg q24 hours6

Favipiravir; limited studies; no proven

benefit

Ribavirin; limited studies, most

inconclusive or show no proven

benefit

Remdesivir; effective in vitrohuman

studies show clinical benefit

however more trials needed

Tocilizumab

Sarilumab

Inhibit IL-6 400 mg IV for 1–2 doses, may repeat

in 8-12 hours6
Limited studies; shown to decrease in

patient hospital stay, an increase in

respiratory function and a decrease

in mortality

Acetazolamide

Nifedipine

Carbonic anhydrase inhibitorCalcium

channel blocker

No dose established No human trials; theoretical benefit

but not recommended
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Drugs that inhibit RNA- dependent RNA polymerase have also

been tested for SARS-CoV-2 in to prevent viral structural proteins to

be formed. Such drugs include Favipiravir, Ribavirin and Remdesivir.

Favipiravir is a medication used in the treatment of Ebola and Influ-

enza and it works as a prodrug to form Favipiravir-ribofuranosyl-

50triphosphate which then inhibits RNA-dependent RNA polymer-

ase.15 The efficacy of Favipiravir is still unknown as there are limited

studies. In a prospective randomized, open-label trial done by Chen et

al, which compared the use of Umifenovir vs Favipiravir in treating

SARS-CoV-2, there was no difference in clinical recovery.16 Of the

patients that did receive Favipiravir, patients were found to have ele-

vated uric acid and elevated transaminases; this again poses an issue

due to SARS-CoV-2 as a potential cause of hepatic damage.16 The

study had many limitations; the most important being is that it was

not peer reviewed.

Ribavirin, is another prodrug used to treat hepatitis C and hanta-

virus. It works by inhibiting RNA-dependent RNA polymerase via act-

ing as a guanosine or adenosine analog that alters RNA-dependent

replication and synthesis.17 Efficacy is unknown for the use of Ribavi-

rin against SARS-CoV-2 as many of the studies done have been incon-

clusive as researchers could not distinguish benefit of Ribavirin from

that of standard therapy.18 More importantly, patients that received

Ribavirin were more likely to develop hemolytic anemia and elevated

transaminase.18

Remdesivir, another prodrug that forms into an adenosine nucleo-

tide analog that inhibits RNA- dependent RNA polymerase.19 Data for

the efficacy of Remdesivir in vitro studies is promising as Remdesivir

has shown inhibitory effects for viral replication in human liver cells.20

More importantly, in a study done by Grein et al, that looked at com-

passionate use of Remdesivir in 53 patients, 36 of them had clinical

improvement within 10 days.21 Due to the promise of Remdesivir and

having a mild side effect profile of reversible elevation of transami-

nases, there are several clinical trials being done currently to evaluate

the efficacy of this medication.

Immunomodulatory agents such as Tocilizumab and Sarilumab

which inhibit IL-6 are also promising therapies. One of the proposed

mechanisms of SARS-CoV-2 pathogenesis is the development of a

cytokine storm, mainly through IL-6, IFN and TNFα.6 Inhibiting one

or several of these cytokines would help in reducing the pathogene-

sis of SARS-CoV-2 and could potentially decrease mortality of the

patient. Current studies are encouraging with limited trials showing

a decrease in patient hospital stay, an increase in respiratory func-

tion and a decrease in mortality.22,23 So far, studies on Tocilizumab

and Remdesivir have been most promising in therapies for SARS-

CoV-2.

Drugs such as acetazolamide and nifedipine; which are used to

treat high altitude pulmonary edema [HAPE], have been proposed as

treatments for SARS-CoV-2 as they both develop into acute respira-

tory distress syndrome [ARDS].24 The rationale behind using these

medications is that there are similarities between HAPE and SARS-

CoV-2; both have hypoxia, tachypnea, low PaCO2 levels, elevated

fibrinogen levels and develop into ARDS.24 Although similar, we must

remember that the pathophysiology in which ARDS develops in each

of these illnesses is different; with HAPE occurs due to elevated pul-

monary artery pressure while SARS-CoV-2 is hypothesized to cause

endothelial damage through pro-inflammatory cytokines.7,24 More-

over, the mechanism in which acetazolamide and nifedipine treat

HAPE would have different consequences in a patient with SARS-

CoV-2. Acetazolamide is a carbonic anhydrase inhibitor, this enzyme

is used to acidify the urine and transport bicarbonate back to the body

under normal conditions.25 Inhibiting this enzyme leads to diuresis

which will increase urinary bicarbonate and decreases blood pH, this

will cause hyperventilation to increase oxygen levels and decrease

carbon dioxide in order to compensate the decrease in blood pH.26

Although this will help a patient with HAPE; decreasing blood volume

through diuresis and decreasing blood pH would not be ideal for a

patient with SARS-CoV-2.26 Moreover, acetazolamide is con-

traindicated in patients with poor renal function, which is seen in

patients with SARS-CoV-2.26,27 Nifedipine, a calcium channel blocker,

works in a similar manner as it lowers blood pressure; although effec-

tive in HAPE,24 this would not be ideal for someone with SARS-CoV-

2 as it would alter their ventilation/perfusion ratio and lower their

oxygenation.28

3 | CONCLUSION

SARS-CoV-2 has caused a pandemic that is creating a health-care cri-

sis and economic strain worldwide. As more cases are reported each

day, finding a standard therapy to SARS-CoV-2 that shows efficacy in

large clinical trials during a pandemic poses an ongoing challenge to

clinicians and researchers.
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