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Abstract
Background: The COVID-19 outbreak has led to a world-wide pandemic that has infected over two million people and caused over 
one hundred thousand deaths. The virus first discovered in Wuhan China in Dec. 2019, seems to have originated either in the United 
States or the Guangdong province as early as September 2019. Infection by SARs-CoV-2 virus can lead to pneumonia and adult respi-
ratory distress syndrome (ARDS) which is the leading cause of morbidity and mortality for this disease. 

Objective: This review focuses on the mechanism of action of a representative sampling of some of the most promising pharmaco-
logical approaches to treating COVID-19 based pneumonia and the related cytokine storm. 

Results: The current medications showing promise either focus in interfering with the viral life cycle or interfering with the cytokine 
storm that leads from pneumonia to ARDs. 

Conclusion: Developing therapeutics interfering with the viral lifecycle, modulating the cytokine storm and protecting the end or-
gans show promise in significantly reducing the morbidity and mortality of COVID-19. 
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Background
The SARs-CoV-2 virus was first discovered in the city of Wuhan 

in December of 2019 following a pneumonia outbreak. Growing 
evidence suggests that the virus may have been brought to the 
city of Wuhan having originated either in the Guangdong or the 
United States as early as September of 2019 according to phyloge-
netic analysis [1]. As of 18 April 2020, there have been 2,310,572 
confirmed cases and 158,691 deaths. Perhaps, what separates 
COVID-19 from SARs and MERs diseases is its transmissibility. 
Currently there are over 300 subtypes and perhaps three major 
strands of this virus [2]. On average a person will transmit the vi-
rus to 3.28 individuals [3]. This in part is due to the ability of the 
virus to be transmitted when a person is asymptomatic who often 
has the same viral load as an infected person [4,5]. It is reported 

that an infected person can shed virus up to 34 days and remain 
viable for up to 72 hours as a fomite [6,7]. 

The average time of infection to symptoms is about 5.8 days 
with the time to hospitalization being 12.5 days [8]. The most com-
mon presentation for infection for COVID-19 is fever 88.7%, cough 
67.8%, fatigue 38.1%, productive sputum 33.7% and shortness of 
breath 18.7% with shortness of breath being the most ominous 
[9]. Among the most important comorbidities for severe disease 
are diabetes, hypertension and cardiovascular disease with prior 
respiratory disease and obesity not as significant [10]. Those with 
diabetes often have an impaired immune system and are much 
more likely to obtain not just COVID-19 based pneumonia but 
pneumonia in general [11,12]. Increased insulin resistance occurs 
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during infection which causes metabolic instability [13]. In addi-
tion, the SARs CoV-2 virus may directly damage the islets of Lang-
erhans [14]. Those with hypertension and cardiovascular disease 
face increasing pulmonary hypertension and inflammation of the 
vascular system which can lead to arrhythmias, cardiac failure and 
cardiac arrest. Though those who are obese tend to shed virus for 
a longer time than those who are not obese, obesity seems to be a 
protective factor for viral pneumonia when isolated from its con-
founders of diabetes and hypertension [15-17]. 

Up to 99.3 % of those admitted to the hospital have pneumonia 
with 89.6% having involvement of both lobes. Among those that 
do not survive, 93% have ARDS, 98% respiratory failure and near 
100% sepsis. The high mortality rate and progression to ARDs and 
subsequent respiratory failure and sepsis in COVID-19 seems to be 
in part related to an excessive immune response called a cytokine 
storm [18]. The cytokine storm involves a massive activation of T-
cells, B-cells, endothelial cells, macrophages, dendritic cells, mono-
cytes, neutrophils, and natural killer cells. The following cytokines 
have been identified as part of the cytokine storm: IL-1, IL-6, IL-12, 
IL-16, IL-17, IL-18, TNF-α, INF- ꙋ, and INF-a2. High elevations of 
IL-6 have especially been correlated with a higher mortality rate 
with IL-17 amplifying the response to IL-6 by increasing IL-6 levels. 
This storm leads to ARDs, lung fibrosis, hypotension, bleeding sec-
ondary to liver failure, and finally renal failure [19]. The cytokine 
storm may be more important in overall mortality than viral load 
itself [20].

SARs-Cov-2 virus life cycle

The SARs-CoV-2 virus begins its lifecycle by using it S surface 
protein to bind to the ACE2 receptor of the cell. The receptor is 
found in large numbers in the oral and nasal mucosa, type II pneu-
mocytes of the lung, blood vessels, intestines, spleen, and liver [21]. 
A mutation in the S surface protein allows this protein to bind with 
a higher affinity to the ACE2 receptor than the previous SARS and 
MERS corona viruses [22]. After binding to the receptor, the S pro-
tein changes its conformation which allows the viral phospholipid 
membrane to fuse with the cellular phospholipid membrane al-
lowing for the virus to enter the cell via the endosomal pathway. 
Once inside the endosome the virus is uncoated freeing its genomic 
+strand of RNA. This viral RNA is transcribed discontinuously cre-
ating both genomic and non-genomic RNA. Cellular polymerase 
then translates sub-genomic RNA into viral proteins at the endo-
plasmic reticulum. The viral proteins assemble around the genom-

ic RNA and are packed at the Golgi Apparatus for exocytosis of the 
newly created virus outside of the cell. The life cycle, elucidates the 
following pharmacological targets for intervention 1) binding of 
the S protein with the ACE2 receptor, 2) uncoating of the virus, 3) 
transcription of the viral RNA, 4) translation of the viral RNA, 5) as-
sembly of the virus and 6) the exocytosis of the virus. Yet, these tar-
gets may represent a moving target as there have been reported to 
be over 300 variants of the SARs-CoV-2 virus with variance of vari-
ance ranging between 270 fold from the least to most virulent [23].

Anti-virals

Azithromycin an antibiotic may not only reduce the risk of sec-
ondary bacterial infection due to COVID-19 and has been shown 
to have anti-viral properties and limit inflammation in part by re-
ducing IL-6 and IL-8 [24]. Azithromycin has been shown to induce 
INF-β and INF- ꙋ in patients with a compromised pulmonary sys-
tem [25,26]. INF is essential in fighting the early stages of SARs-
CoV-6 infection [18], In addition, INF inhibit the invasion of the 
pulmonary system by neutrophils [27]. Azithromycin inhibits the 
bronchial excretion of mucin which when excreted narrows the 
bronchial passageways inhibiting breathing thus, Azithromycin 
may functionally improve breathing. INF-β and INF-ꙋ are elevated 
in the cytokine storm but, the elevation seems to be in proportion 
to viral load. 

Chloroquine has been used since 1934 as an antimalarial and 
immunosuppressant. Chloroquine has been shown to form an ion-
ophore in the cellular membrane allowing doubling the amount of 
zinc another anti-viral that can enter the cell at clinically relevant 
levels [28]. Chloroquine is a very alkaline medication that can read-
ily distribute throughout one’s cells and settle in those areas that 
are especially acidic such as the endosomes which are small vacu-
oles that the COVID -19 virus uses to enter and uncoat. Chloroquine 
can increase the pH of the endosome inhibiting the ability of the 
COVID-19 virus to enter the cell. Additionally, the changing of the 
pH of the endoplasmic reticulum and Golgi apparatus inhibit the 
ability of the virus to assemble and be released from the cell [29]. 
In a clinical trial of 100 patients using chloroquine it was found 
that the course of the disease was shortened, and the pneumonia 
exasperation inhibited without any serious side effects [30]. Hy-
droxychloroquine may have greater inhibitory potential than chlo-
roquine and does not have the same risk to cause retinal damage 
[31]. Yet, like Chloroquine, Hydroxychloroquine has a narrow ther-
apeutic index and must be dosed appropriately [32]. Hydroxychlo-
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roquine levels may be 400 times higher in the lung and other tis-
sues than in the in the blood. Inappropriate dosing of chloroquine 
may account for the early termination of the Brazilian study that 
was stopped prematurely due cardiac arrhythmia. In that study the 
low dose was 450 mg day B.I.D while the high dose was 600 mg 
B.I.D. with the so-called low dose being more than twice as high as 
the standard dosing of 200 mg day B.I.D. [32,33].

Favipiravir is a drug used in Japan for influenza. Favipiravir is 
a prodrug that is metabolized to the active form favipiravir-ribo-
furanosyl-5’-triphosphate (favipiravir-RTP) [34]. Favipiravir-RTP 
competes with purine nucleosides for incorporation into the viral 
RNA and once incorporated interferes with RNA polymerase caus-
ing chain termination [35]. In a small study, 80 patients with COVID 
were placed either in a Favipiravir arm or an arm with lopinavir 
and ritonavir. The patients in the Favipiravir arm did significant-
ly better with 22.9% improving after 4 days of treatment, 25.7% 
worsening and 51.4% staying the same. After 14 days a treatment 
this changed to 91.4% improving, 3.2% worsening and 6.45% re-
maining the same [36]. The adverse effects were 5.7% with diar-
rhea and 2.86% with elevated liver enzymes. It has been shown 
that i viral models were resistance develops due to poor incorpo-
ration of Favipiravir into viral RNA that these viruses grow much 
slower than non-resistant strains [37].

Ivermectin since 1981 has been listed as one of the World’s es-
sential medications. This medication is generally used for worm 
and other parasitic infections such as scabies. This drug is a macro-
cyclic lactone with a related structure to the macrolides. Ivermec-
tin appears to inhibit helicase in viruses [38]. Ivermectin in vitro 
inhibits SAR-CoV-2 replication 99.98% at 5μM in vitro. However, 5 
μM is a much higher level than reached in vivo [39]. It remains to be 
seen how effective ivermectin will be in vivo at lower levels against 
SAR-CoV-2. Among the side effects of Ivermectin are reduced factor 
II and factor VII with prolonged prothrombin times [39].

Remdesivir is a prodrug that must be metabolized into its ac-
tive form GS-441524 which is an adenosine nucleotide analog [40]. 
GS-441524 interferes with the action of viral RNA-dependent RNA 
polymerase and can evade proofreading by viral exoribonuclease. 
This causes a decrease in viral RNA production. In a cohort study 
without a control 68% of patients with severe COVID-19 treated 
with Remdesivir showed clinical improvement [41]. A recent ran-
domized control study of 158 patients showed no statistical differ-
ence in mortality rate with a slower rate of improvement shown 

by patients in the Remdesivir arm. The patients however were al-
lowed to enter the trial up to 15 days after COVID-19 disease ap-
peared [42]. The differences in trial outcomes might be due to dif-
ferent strains in SARs-CoV-2. More trials should clarify the picture.

Umifenovir has been used for 30 years to combat seasonal influ-
enza and is used widely today to treat RNA viruses inclusive of: Or-
thomyxoviridae, Paramyxoviridae, Bunyaviridae, Rhabdoviridae, To-
gaviridae, Hepadnaviridae, Hepaciviridae, Filoviridae, Flaviviridae 
and Arenaviridae [43], The mechanism of action for Umifenovir is 
to block the formation of the endosome ad other membrane bound 
organelles thereby blocking viral uncoating the release of the ge-
nome [43]. There is also evidence that Umifenovir can protect the 
mitochondrial production of ATP and hence, limit cellular death of 
cells. This would be important in limiting the death of Type II pneu-
mocytes and maintain the ability to produce adequate amounts of 
surfactant [44]. In a clinical trial in China sixteen COVID-19 pa-
tients with fourteen having pneumonia were administered Umife-
novir 200 mg T.I.D while hospitalized. All sixteen patients survived, 
and no one developed ARDs [45], [46]. Among the side effects in 
this study 68.7% of patients had elevated bilirubin and 43.7% pa-
tients demonstrated digestive upsets. None withdrew due to tox-
icity [46]. Imatinib is another drug with a similar mechanism of 
action to Umifenovir [47].

Zinc has been shown to limit the duration of colds (many of 
which are caused by coronaviruses) by 40% in duration [48]. Zinc 
as a cofactor for may enzymes involved in both the innate and adap-
tive immune system is necessary in adequate amounts for phago-
cytosis of infected cells, killing of infected cells by the NK cells and 
the blocking of the entrance of viruses into the cells by opsoniza-
tion [49]. Zinc also may also interfere with RNA polymerase the 
necessary protein essential for the replication genomic RNA [50]. 
Zinc may be most useful for those who have a Zinc deficiency and 
may possibly increase the threshold for infection with SARs-CoV-
SARs2.

Cytokine storm inhibitors

Anakinra is an interleukin 1 receptor antagonist and has been 
shown to be useful in macrophage activation syndrome (MAS), a 
form of cytokine storm [51]. Interleukin 1 is a family of 11 cyto-
kines with interleukin 1α and interleukin 1β both binding to the in-
terleukin 1 receptor. Both interleukin 1α and 1β are produced early 
during SAR-CoV-2 infection by macrophages and dendritic cells, 
causing fever, vasodilation, and hypotension as part of the innate 
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immune system [52]. In a small study of 5 severely ill patients with 
cytokine storm of the macrophage subtype received continuous in-
fusion of up to 2400 mg/day. Four of the five patients responded 
with three of the five recovering completely [53]. The most com-
mon side effect of Ankinra is a rash [54].

Baricitinib is a competitive adenosine triphosphate kinase in-
hibitor that prevents the transfer of a phosphate group to Janus 
Kinase 1 and Janus Kinase 2 (JAK1, JAK2) the activators of these 
two kinases. JAKs play a role in the signal transduction of cytokines 
to signal transducers and activators of transcription (STAT) path-
ways. Baricitinib by inhibiting the activation of the JAK1 and JAK2 
kinases inhibits the signal transduction of erythropoietin, IL-2, IL-
6, IL-23, G-CSF, GM-CSF, INF-α, INF-β, INF-ꙋ, and other cytokines 
[55,56]. Among the side effects of Baricitinib are a small increase 
in pulmonary embolisms or DVT’s (0.5 - 1.0%), a small decrease in 
reticulocytes, a transient increase in hepatic transaminases [57]. 
Baricitinib reduces systemic inflammation in disease such as lupus, 
rheumatoid arthritis and also has protective effect on the kidney 
[56]. Baricitinib holds promise for COVID-19.

Tocilizumab is a recombinant humanized antibody of the IgG1 
subclass that blocks the binding of IL-6 with the interleukin - 6 
receptor [58]. Interleukin-6 inhibits IL-1, TNF-α and regulatory 
T-cells while activating B-cells, macrophages, neutrophils and in-
duces the differentiation of Helper T cells [59]. Interleukin-6 also 
elevates C-reactive protein which is a general marker for inflam-
mation. Obesity and exercise both increase interleukin-6 levels 
[60,61]. Since, IL-6 plays a central role in the pathogenesis of cyto-
kine storm the blockage of it may play a significant role in the ame-
lioration of the cytokine storm which in turn may limit morbidity 
and mortality. The most common immediate side effects are head-
ache 1%, skin reactions 1%, and hypersensitivity reactions caus-
ing discontinuation 0.2% [58]. Tocilizumab may decrease levels of 
statins and cyclosporin due to elevation of the cytochrome system 
[61]. Alternatively, tocilizumab may increase levels of theophyl-
line, warfarin, phenytoin, and phenprocoumon [59]. Sarilumab is 
another inhibitor of interleukin -6 receptor it is administered sub-
cutaneously while Tocilizumab is administered through IV. There 
is no difference between the two in terms of adverse effects [62].

Infliximab is a chimeric human murine monoclonal antibody 
that binds to TNF-α. TNF-α is produced chiefly by macrophages, 
though CD4+ lymphocytes, eosinophils, mast cells, NK cells, neu-
rons and neutrophils. TNF-α is a chemoattractant for neutrophils, 

induces insulin resistance plays a role in shock and limits viral pro-
duction. Hence, the blocking of TNF-α by infliximab may be useful 
in blocking cytokine storm especially in diabetics. The blocking of 
TNF-α also down regulates Il-6 which seems central in the cyto-
kine storm [63]. Some of the side effects of Infliximab are infusion 
reactions, 10.74%, pain 7.05%, abnormal liver tests 2.92% and 
headache 2.64% [64]. Long term use of infliximab may lead to in-
creased susceptibility to tuberculosis, hepatitis and influenza and 
a decreased response to vaccinations [65]. Adalimumab is another 
TNF blocker but unlike infliximab is a completely human antibody 
and is similar to infliximab [66]. Since TNF-α inhibits viral replica-
tion and argument can be made that TNF-α blockers might best be 
used later in the disease process specifically to limit the cytokine 
storm. As in the case of Anakinra, Infliximab seems to be more ef-
fective when given continuously as opposed to intermittently [20].

Supportive adjuvants

Melatonin is a hormone that regulates the sleep–wake cycle and 
is secreted by the pineal gland. This hormone also has anti-inflam-
matory properties mediated by the up-regulation of Sirtuin. Up 
regulation of Sirtuin may have a modest protective effect toward 
the lung [29]. Daily use of melatonin also reduces levels of TNF-α, 
IL-6, and IL-1β. Lastly, in a meta-analysis melatonin improves the 
sleep quality of patients in ICU increasing survival rates [67,68]. 
Among the side effects of Melatonin are abnormal dreams, head-
aches, nausea, and diarrhea [69].

Steroids are a useful tool in reducing inflammation and improv-
ing breathing in many pulmonary diseases including asthma and 
some types of pneumonia. In SARs-CoV-2 pneumonia the lung un-
dergoes massive bilateral inflammation [70]. Yet, early evidence 
and experience with SARs-CoV and MERS suggests that steroids 
may prolong the shedding of virus and increase mortality [71,72]. 
Steroids cannot be recommended at this time [73].

Bevacizumab is a recombinant humanized monoclonal anti-

body that blocks angiogenesis by inhibiting vascular endothelial 
growth factor A (VEGF-A). VEGF is associated with leaky capillar-
ies, interstitial thickening, pulmonary edema and permanent re-
modeling of the lung which not only threaten mortality but if the 
patient survives leave the patient with permanently reduced lung 
function [74]. Bevacizumab has been shown to reduce these fea-
tures in ARDs and is often used in these patients in ICU [75,76]. 
A concern with the use of Bevacizumab is hypertension, worsen-
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ing coronary, and peripheral heart disease [77]. This drug may be 
useful in ameliorating ARDs and inhibiting the restructuring of the 
lung from COVID-19. 

Conclusion
Improved pharmacological treatment is needed to improve the 

morbidity and mortality of those with COVID-19. Once place on me-
chanical ventilation for COVID-19 provides the survival rate may be 
as low as 5.5% [78]. The poor mortality and morbidity observed 
with COVID-19 appears to be due to the cytokine storm [79]. There 
seems to be little relationship between the early stages of the dis-
ease and predicting who does or does not develop severe disease 
[18]. In sum, the evidence suggests that the viral inhibitors may 
be more efficient early in the disease and not as effective once the 
progression to ARDs has begun, here is where the cytokine storm 
inhibitors may play the greatest role in limiting mortality. Addition-
ally, the experience gained with SARs-CoV and MERS suggests that 
the tri-fold approach of limiting viral dissemination, inhibiting the 
cytokine storm and protecting the lungs and other organs through 
specific targeting will provide the best outcome [80].
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