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ARTICLE INFO ABSTRACT

The World Health Organization (WHO) declared the Coronavirus Disease 2019 
(COVID-19), a disease caused by SARS-CoV-2, a pandemic in March 2020 based on the 
widespread and aggressive nature of the disease. Few, if any, global health crises have 
affected the human race in the last hundred years like COVID-19. The disease presents 
many symptoms in patients suggesting that the virus is effective at infecting many dif-
ferent cell types throughout the body. Cytokines are small, low molecular weight pro-
teins produced by immune cells that regulate specific aspects of human immunity. In 
a virological context, cytokines mediate innate and adaptive immunity in response to 
viral infections. Recent COVID-19 patient data has shown that immune responses such 
as the inflammatory response can have positive or negative impacts. Overactivation of 
cytokine-secreting cells during a systemic inflammatory response often leads to a cy-
tokine storm resulting in an uncontrolled influx of pro-inflammatory mediators in the 
respiratory tract. Hyperinflammation in the lungs leads to poor pathophysiological out-
comes, severe pneumonia, multiorgan failure, and even death in a subset of COVID-19 
patients. The utilization of anti-inflammatory therapeutic options to counteract the cy-
tokine storm syndrome associated with COVID-19 is reviewed.

Abbreviations:  SARS-CoV-2: Severe Acute Respiratory Syndrome Coronavirus 2; M: 
Membrane; E: Envelope; N: Nucleocapsid; S: Spike; PRRs: Pathogen-Recognition Re-
ceptors; PAMPs: Pathogen-Associated Molecular Patterns; STAT: Signal Transducer and 
Activator of Transcription; JAK: Janus Kinase; MAPK: Mitogen-Activated Protein Kinase; 
FDA: Food and Drug Administration; IL-6R: IL-6 Receptors; KEGG: Kyoto Encyclopedia of 
Genes and Genomes

Introduction

Since the first case of the novel Coronavirus Disease 2019 
(COVID-19) was announced in December 2019 in Wuhan, Hubei, 
China and the first death reported in the United States in February 
2020, the disease has produced an astounding death toll, caused 
incalculable suffering, and destabilized the global economy. 
Moreover, the pandemic has also shed light on health disparities 
that exist largely demarcated along racial and socioeconomic lines 
[1,2]. The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is the viral pathogenic agent responsible for COVID-19. 
SARS-CoV-2 is similar in appearance and genetic composition to 
SARS-CoV-1 (severe acute respiratory syndrome coronavirus 1) and 
MERS-CoV (Middle East respiratory syndrome coronavirus) with 
its spherical morphology and crown-like spikes protruding from 
the envelope surface [3]. SARS-CoV-2 is an RNA virus containing  

 
sense strand RNA. SARS-CoV-2 contains a variety of accessory 
proteins that aid in biosynthesis, maturation, and evasion, however, 
four structural proteins dominant most illustrations of the virus: 
membrane (M), envelope (E), nucleocapsid (N), and the prominent 
spike (S) proteins [4,5].

SARS-CoV-2 has shown the ability to infect and kill men, 
women, children, and the elderly, however, according to copious 
amounts of data from around the world, the virus predominantly 
affects humans over the age of 65 with pre-existing conditions [6-
8]. COVID-19 is a disease characterized by many symptoms and 
physiological trauma including respiratory distress, fever, muscle 
paralysis, gastrointestinal illness, chest pain, and other flu-like 
symptoms [9-11]. Some patients have even reported a loss of smell 
and nausea associated with the disease. Interestingly, for reasons 
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that are still not understood, symptom presentation can be mild 
to severe. Further, there are many patients who are completely 
asymptomatic. Research suggests that the virus can be transmitted 
from person-to-person through direct contact via contaminated 
surfaces (e.g., fomites), respiratory droplet transmission, and 
aerosol transmission [12,13].

Aerosol transmission, unlike respiratory transmission, is 
extremely problematic. Aerosolized microdroplets are ultra-
microscopic infectious particles that can remain suspended in 
the air for long periods (e.g., hours) and travel longer distances 
compared to the heavier infectious respiratory droplets. Additional 
transmission mechanisms of the virus are likely to be found in the 
near future which will likely generate enhancements to existing 
public health countermeasures to further mitigate transmission. 
Not surprisingly, in early 2020, the scientific community turned its 
single focus into developing an effective vaccine. To date, there are 
over 100 vaccines in the pipeline around the world. Many vaccine 
candidates are now in the final stages of human clinical trials and 
therefore answers regarding potency of humoral and cell-mediated 
immunity will soon be addressed. 

SARS CoV-2 Infections and Hyperinflammation

Innate immunity, the first line of viral pathogen defense, is 
mediated via pathogen-recognition receptors (PRRs) and viral 
pathogen-associated molecular patterns (PAMPs). During a typical 
infection, following PRRs-PAMPs interaction, inflammatory cells 
and cytokines are regulated and recede once the infection has 
been controlled by innate and adaptive immune mechanisms. 
However, for reasons that are unclear, SARS CoV-2 initiates an 
unrestrained migration of immune cells to the respiratory system 
and subsequent aggressive release of cytokines and influx of other 
factors which leads to respiratory dysfunction and destruction 
[14]. The findings associated with hyperinflammation in COVID-19 
patients are consistent with similar coronavirus-related diseases 
in the past including the severe acute respiratory syndrome and 
Middle East respiratory syndrome. For both SARS and MERS 
mortality was significantly attributed to respiratory dysfunction 
caused by a cytokine storm or hypercytokinaemia [15,16]. 

Since this condition was first observed in China, the global 
research community has provided insight into the cytokines 
that are involved. Specifically, several studies have characterized 
the prominent pro-inflammatory mediators that contribute to 
the cytokine storm. These mediators include interleukins (IL-
6, IL-1, IL-2), chemokines, monokines, tumor necrosis factor 
alpha (TNFα), interferons (IFNγ), and many other mediators 
of inflammation which are highly elevated in the blood during 
the immune dysregulation event [17,18]. These inflammatory 
response molecules are secreted from a number of immune cells 
including macrophages, lymphocytes, neutrophils, and natural 

killer cells [15,17]. Remediation strategies to suppress the cytokine 
storm involve the direct blocking of a particular cytokine or the 
suppression of distinct signal transduction pathways that facilitate 
an immune response. Signal transduction pathways are essential 
intracellular communication complexes that are initiated via 
ligand-receptor interactions. 

Binding of a specific ligand to a cognate receptor at the cell 
surface results in intracellular signaling processes that lead to the 
expression of response genes designed to alter cell behavior. At this 
stage in the pandemic, the research literature regarding the signal 
transduction pathways that contribute to COVID-19’s cytokine 
storm is limited. The Janus kinase (JAK) and signal transducer and 
activator of transcription (STAT) pathway and the mitogen-activated 
protein kinase (MAPK) pathway have been implicated as major 
signaling pathways that promote hyperinflammation in pathogen-
compromised patients. The JAK-STAT pathway is known to regulate 
normal physiologic processes such as apoptosis, differentiation, 
and proliferation. The JAK-STAT pathway has also been shown to 
play roles in human cancer and other diseases [19] and mediate 
functional responses of pro-inflammatory cytokines including IL-6, 
GM-CSF (granulocyte-macrophage colony-stimulating factor), IL-
15, G-CSF (granulocyte colony-stimulating factor), and IFNγ [20].

Targeting the Cytokine Storm

JAK-STAT inhibitors were some of the initial therapies 
that were considered to address the cytokine storm problem 
observed in COVID-19 patients. Specifically, in the United States 
it was first thought that the repurposing of FDA (Food and Drug 
Administration) approved drugs would provide the quickest impact 
during the earliest stages of the pandemic. According to in silico 
investigations, several FDA-approved drugs (for non-COVID-19 
diseases) have been the subject of intense experimental and clinical 
evaluation. A considerable amount of attention has been given to 
antirheumatic drugs (e.g., Baricitinib, Ruxolitinib) for their ability 
to effectively abrogate proteins in the JAK-STAT pathway and 
ameliorate inflammatory responses. Ruxolitinib, the Janus kinase 
1/2 inhibitor, was recently explored as a way to calm the cytokine 
storm [21,22]. In a pilot study that occurred several months ago, 
severe COVID-19 patients who demonstrated hyperinflammation 
were treated with ruxolitinib. While the sample size was very 
small, the overwhelming majority of the patients showed clinical 
improvement as a result of the treatment with ruxolitinib [21]. 

Baricitinib inhibits both JAK1 and JAK2 and therefore like 
ruxolitinib blocks cytokine and growth factor signaling pathways. 
In addition to disrupting JAK-STAT signaling, Baricitinib may also 
have the capacity to block coronavirus entry into the intracellular 
environment [23]. There are several ongoing studies seeking 
to address the synergistic effects of combining cytokine storm 
modulating drugs. Tocilizumab is a monoclonal antibody directed 
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against IL-6 receptors (IL-6R). Binding of the anti-IL-6R antibody 
to the interleukin-6 receptor prevents IL-6 from forming the 
requisite ligand-receptor complex. Tocilizumab has been shown to 
bind to both the membrane form of the IL-6R and the soluble form 
of the IL-6R [24,25]. In the presence of tocilizumab downstream 
signaling components are inactive and thus the JAKs and STATs 
associated with IL-6 are not activated and gene expression of IL-6 
response genes is suppressed. In a small clinical study (15 patients) 
tocilizumab treatment produced positive clinical outcomes in some 
patients and demonstrated an overall decrease in IL-6 levels in the 
blood [26]. 

A slightly larger study consisting of 100 patients provided 
additional evidence of the effectiveness of tocilizumab in treating 
severe COVID-19 patients [27]. Despite the reported effectiveness of 
intravenous tocilizumab administration, the precise biomolecular 
mechanisms that underpin its positive clinical action is not fully 
understood and requires more clinical and biochemical research. 
A particularly interesting bioinformatics study performed by Chen 
et al. examined the potential impact of a curcumin, glycyrrhizic 
acid, and vitamin C dietary regimen on quieting the cytokine storm 
[28]. Cytoscape, Kyoto encyclopedia of genes and genomes (KEGG), 
and the Database for annotation, visualization, and integrated 
discovery (DAVID) were employed to identify putative target genes 
affected by the nutritional treatment strategy. Biocomputational 
results demonstrated that many pro-inflammatory signaling 
pathways linked to the cytokine storm may be blocked or affected 
by curcumin, glycyrrhizic acid, and vitamin C.

Conclusion

COVID-19 has had a crippling impact on global institutions. As 
the worldwide fight rages on for an effective vaccine to fight the 
virus and create long-term immunity, scientists are looking for 
other ways to control virus-related symptoms and reduce the length 
of hospitalizations. For over thirty years immunologists, virologists, 
and the medical community have known that inflammation plays 
a critical and protective role during viral challenge. Particularly, 
members of the tumor necrosis factor and interferon family play 
distinct roles in mediating an antiviral state by blocking viral 
replication [29]. Hyperinflammation events have been shown to be 
responsible for respiratory tissue necrosis, organ failure, and death 
in severe COVID-19, SARS, and MERS patients [30,31]. In addition 
to the therapeutic molecules discussed in this review, Sallenave and 
Guillot reported on methylprednisolone, siltuximab, sarilumab, and 
many other compounds for their efficacy in suppressing the deadly 
cytokine storm.

Carefully planned and executed microarray or next generation 
RNA sequencing studies need to be performed to more intricately 
investigate the COVID-19-induced cytokine storm and other aspects 
of COVID-19 such as cell entry, virion production, and virion release. 
These types of studies will elucidate the molecular mechanisms 

that play a role in the initiation of hyperactive innate immunity 
mechanisms and possible control and treatment solutions. 
Moreover, since this disease has affected over 200 countries around 
the world, the fight against COVID-19 from a research perspective 
should involve a diverse number of nations, races, and ethnic groups. 
It is the contention of the author that demographic groups who are 
the hardest hit by the devastation caused by the coronavirus (e.g., 
African Americans), and who are historically underrepresented in 
national research laboratories may add a unique perspective and 
attack the virus driven by intrinsic motivation. Lastly, additional 
exploration of the signal transduction pathways that play a role 
in cytokine production during SARS-CoV-2 infections will lead to 
more effective patient treatment strategies. 
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