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9.1 Introduction

The new coronavirus disease 2019 (COVID-19) which emerged from Wuhan,
China, is caused by a beta-coronavirus known as the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), which is analogous to the existing
severe acute respiratory syndrome coronavirus (SARS-CoV) and Middle East
respiratory syndrome coronavirus (MERS-CoV) [1e3].

SARS-CoV-2 is a positive-sense, single-stranded, enveloped RNA virus
that causes various symptoms of pneumonia such as fatigue, dry cough, fever,
difficulty in breathing, myalgia, and others [4]. The human-to-human trans-
mission pattern of SARS-CoV-2 is through contaminated respiratory droplets
that contain the virus [5,6]. There are over 600,000 deaths, out of which more
than 130,000 COVID-19 cases in the world was of July 2020 [2]. However, no
vaccine or antiviral drug is currently available for treating the virus. Hence, it
is of utmost importance to come up with treatment strategies as early as
possible to curb the outbreak of COVID-19 [7].

Corticosteroids have the potential to inhibit factors of inflammation and are
usually co-administered with some antiviral drugs to treat viral pneumonia.
Glucocorticoids, an example of corticosteroids, inhibit a variety of pro-
inflammatory genes encoding chemokines, cell adhesion molecules, cyto-
kines, receptors, and inflammatory enzymes to restore homeostasis and
address altered inflammatory processes [8]. Although the role of corticoste-
roids remains controversial, satisfactory results are reported from a majority of
patients with SARS infection using corticosteroids as a treatment regime [9].
The results of another retrospective study conducted on patients suffering from
MERS showed that corticosteroids treated patients likely require vasopressors,
renal replacement therapy, and mechanical ventilation [10].

9.2 Pathophysiology of COVID-19

Coronaviruses belong to the respiratory virus family causing various diseases
starting from the common cold to MERS and SARS [11], inducing serious
extrapulmonary manifestations and lower respiratory tract infections, both of
which are of zoonotic origin. SARS-CoV-2 is a relatively new virus and is a
member of b-CoV lineage B, first identified by the Chinese Center for Disease
Control and Prevention (China CDC) in Wuhan [1]. It has been revealed that
the genome sequence of SARS-CoV-2 is 75%e80% identical to that of SARS-
CoV with added similarities to some CoVs identified from bats [1]. Epide-
miological and clinical features of COVID-19 patients demonstrate that
clusters of respiratory illnesses with great resemblance to SARS-CoV in
clinical presentation are caused by the SARS-CoV-2 infection, the leading
source of admission to the intensive care unit (ICU) with increased mortality
[5]. Clinically, the patients suffer from dry cough, fatigue, fever, difficulty in
breathing, and acute respiratory distress syndrome (ARDS).
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The acute pneumonic process is dominated in COVID-19 pathophysiology
as found in extensive radiological opacity on an autopsy including inflam-
matory infiltrates diffuse alveolar damage, and microvascular thrombosis
[12,13]. In the pathophysiology of organ failure, the host immune response
plays a vital role in the pathology of organ failure and in other viral pneumonia
such as SARS, the highly pathogenic avian influenza, and seasonal and
pandemic influenza [14].

In severe COVID-19, injury to inflammatory organs may occur with sub-
sets of patients who have noticeably elevated inflammatory markers like
interleukin 1, interleukin 6, ferritin, and C-reactive protein [5,15]. In order to
mitigate the injury of inflammatory organs, several therapeutic interventions
have been proposed in viral pneumonia, but there is a wide debate about the
role of corticosteroids therapy [16].

Most of the COVID-19 infections either result in mild disease or are
asymptomatic. Still a considerable fraction of infected people develop ill-
nesses of the respiratory system requiring hospital care and can progress to
critical illness having respiratory failure to hypoxia requiring ventilated sup-
port for a longer time [17e19].

According to an estimate, about 5% of COVID-19 patients require me-
chanical ventilation and approximately 14% of the patients needed supple-
mental oxygen due to the development of respiratory symptoms. Overall, 2.3%
case fatality rate was reported by the CDC, which is 49% among the critically
ill patients that require mechanical ventilation while higher at 14.8% in older
patients more than 80 years of age [20].

In COVID-19, pulmonary pathology is characterized by reactive hyper-
plasia of pneumocytes with cellular infiltration, patchy inflammation and
evidence of intravascular thrombosis, and diffuse alveolar damage. Lympho-
cytes, macrophages, and monocytes infiltrate the pulmonary interstitium [21].
The infiltration of severe pulmonary inflammation of the pulmonary tissue
impedes the exchange of pulmonary gas. In addition, one-fifth of hospitalized
patients develop considerable cardiovascular morbidity, characterized by
thromboembolic events, tachyarrhythmias, and troponin rise, which is coupled
with mortality risk. COVID-19 patients that require hospitalization and
intensive care support are presented with clinical symptoms of highly elevated
C-reactive protein, lymphopenia, fever, elevated serum ferritin, higher proin-
flammatory cytokines, and increased D-dimers. In addition, histological ex-
amination revealed prominent pulmonary infiltrates with macrophages and
monocytes, hypercoagulability, and vasculitis [21].

9.3 Treatment strategies

The rapid increase in SARS-CoV-2 infection worldwide has led to an urgent
need for therapeutic intervention or vaccine development to treat or prevent
COVID-19 disease. As a result of this, some studies on potential vaccine
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candidates or therapeutic interventions are currently in progress [22].
Inflammation is an indispensable component of an effective immune response,
and the successful elimination of infections is difficult without the involve-
ment of this physiological process. The inflammatory response starts with the
recognition of pathogens followed by the recruitment of immune cells which
are capable of eliminating the pathogens and in due course leads to the
repair of diseased tissue and restoration of homeostasis. On the other hand,
SARS-CoV-2 induces the cytokine storm (prolonged and excessive cytokine/
chemokine responses) in some infected individuals [23]. The formed cytokine
storm causes multiple organ dysfunction or ARDS leading to physiological
deterioration and death. Timely control of cytokine storm in an early stage of
the infection by using cytokine antagonists and immunomodulators, as well as
reducing the infiltration of lungs inflammatory cells, is crucial in reducing and
preventing the mortality rate of COVID-19 patients and to improve the
treatment success rate [24]. The mechanism of action of cytokine storm and
potential therapy in COVID-19 patients is shown in Fig. 9.1.

9.4 Corticosteroid therapies

Corticosteroids are steroid hormones with potential antiinflammatory func-
tions and are routinely used to suppress inflammation. Corticosteroids are used
as the principal immunomodulators during the 2003 SARS epidemic. Their
timely administration often results in early improvement like improving
oxygenation, relieving the infiltration of radiation in the lungs, and reducing
the fever [25]. A retrospective study conducted on 401 severe SARS patients
reported that proper glucocorticoids therapy in SARS patients causes a
considerable reduction in mortality rate with a marked reduction in the

FIGURE 9.1 Mechanism of action of cytokine storm.
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hospital stay. Furthermore, glucocorticoid-treated patients are rarely affected
with secondary infections and other complications [26]. However, some
studies showed that corticosteroid administration during SARS-CoV infection
in human-led to adverse consequences. Early corticosteroids treatment of
SARS patients resulted in increased viral load in plasma in non-ICU patients
leading to disease aggravation. Glucocorticoids use for the treatment of
COVID-19 patients has become the main challenge for clinicians [27]. The
dose and time of glucocorticoids administration are imperative to the outcome
of severely ill patients. Early glucocorticoids therapy inhibits the initiation of
defense mechanism of the body, thus increasing the viral load and eventually
leading to adverse consequences. Hence, the use of glucocorticoids is mainly
limited to patients who are critically ill and suffering from inflammatory
cytokine storm. The timely glucocorticoids administration during the early
stage of inflammatory cytokine storm inhibits excessive inflammation, thereby
effectively preventing the occurrence of ARDS and protecting the functional
capacity of the patients’ organs. The short-term (2e3 days) use of glucocor-
ticoids is appropriate with the recommended dose of no greater than 1e2 mg/
kg/day methylprednisolone equivalent in patients with excessive inflammatory
response, rapid imaging progress, and progressive deterioration of oxygenation
indicators [18]. It is noteworthy that glucocorticoids in large doses may delay
the coronavirus clearance due to immunosuppression.

9.5 Role of dexamethasone in COVID-19 treatment

One of the major mysteries in the treatment of COVID-19 patients is the
recurrent formation of blood clots consequently damaging the organs of the
patient and occasionally being fatal. New findings by researchers from Yale
Cancer Center (YCC) and experts from several medical specialities at Yale
pinpoint a biological marker that helps in treating COVID-19 patients and
identifying the leading mechanism following the pathophysiology of COVID-
19. The study was published in the Lancet Haematology [28].

Dexamethasone (Fig. 9.2) is a routinely used steroid, which is inexpensive
and can save the lives of people seriously ill with COVID-19. A randomized,
controlled clinical trial conducted in the United Kingdom has found that
dexamethasone is the first drug shown to decrease deaths from the coronavirus
that has killed more than 600,000 people globally. The results of the trial
showed that it reduces the deaths to nearly one-third in coronavirus patients
who were on ventilators [29].

Therefore, corticosteroids have the potential to inhibit inflammatory factors
and are routinely used as treatment supplements for viral pneumonia. Corti-
costeroids such as glucocorticoids exert their antiinflammatory potential by
inhibiting a large number of proinflammatory genes encoding chemokines,
cytokines, inflammatory enzymes, receptors, and the cell adhesion molecules
to restore homeostasis and address the inflammatory processes [30].
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9.5.1 Case studies

In 2020, So et al. [31] reported a case series of seven mechanically ventilated
patients with ARDS caused by COVID-19 who received early treatment with
high-dose, short-term systemic corticosteroids to prevent the overproduction
of cytokine. Four out of seven patients were male with 69 years median age.
The patients were intubated for 7 days following admission at that time with
rapidly worsened respiratory status. The patients were treated by adminis-
tering 1000 or 500 mg/day intravenous methylprednisolone followed by the
administration of 1 mg/kg and tapered off. The total corticosteroids admin-
istration lasts for a median duration of 13 days. This short-term, high-dose
corticosteroid therapy enabled the patients to extubate within 7 days. Still,
the data on corticosteroid therapy as the treatment of choice is mixed and
many questions on COVID-19 patients’ clinical management remain
unanswered.

Horby and his colleagues [32] studied the efficacy of dexamethasone in
randomly allocated 2104 patients. The results were compared with concur-
rently allocated 4321 patients with usual care. Overall, the patients died within
28 days included 454 (21.6%) patients treated with dexamethasone and 1065
(24.6%) patients allocated the usual care (95% confidence interval [CI] 0.74 to
0.92; age-adjusted rate ratio [RR] 0.83; P < .001). Reduction in the absolute
and proportional mortality rate varied significantly and is dependent on the
level of respiratory support at randomization. The death of patients on invasive
mechanical ventilation was reduced to one-third by dexamethasone (29.0% vs.
40.7%, RR 0.65 [95% CI 0.51e0.82]; P < .001), while one-fifth in patients
without mechanical ventilation and receiving oxygen (21.5% vs. 25.0%, RR
0.80 [95% CI 0.70e0.92]; P ¼ .002), but the mortality rate was not reduced in
patients without respiratory support (17.0% vs. 13.2%, RR 1.22 [95% CI
0.93e1.61]; P ¼ .14) [32].

FIGURE 9.2 Chemical structure of dexamethasone.

174 PART | I Coronavirus pandemic and countermeasures



Villar et al. [33] reported in their study conducted on patients with severe
ARDS in March 28, 2013 to December 31, 2018, that dexamethasone
administration could reduce the time of mechanical ventilation and overall
mortality in severe ARDS patients.

Earlier studies revealed that extensive lung damage and pulmonary
inflammation in infected patients with MERS-CoV and SARS-CoV were
associated with increased proinflammatory cytokines [24].

ARDS increased the death risk and there are chances of deaths in the
nonsurvivors within 1e2 weeks of ICU admission. In view of increased cy-
tokines during SARS-CoV-2, MERS-CoV, and SARS-CoV infections, severe
illness has been usually treated with corticosteroids, for the possible benefit of
reducing the lung injury induced by inflammation [30].

On the other hand, current evidence in MERS and SARS patients suggests
no effect of corticosteroids on mortality, rather delayed the clearance of vi-
ruses [10]. Hence, COVID-19 patients should not be routinely treated with
glucocorticoids, unless evidence-based is conducted while monitoring adrenal
insufficiency, refractory septic shock, and chronic obstructive lung disease
exacerbation or asthma [20]. However, glucocorticoids administration in
critically ill, ARDS-associated COVID-19 patients is controversial. Moreover,
clinicians noted that dexamethasone administration in early stage of the dis-
ease could reduce the overall mortality in severe ARDS patients and the
duration of mechanical ventilation [33].

It was hypothesized in a study that corticosteroids therapy in high doses
can prevent tissue damage and thus help to mitigate the extent of lung injury.
They started corticosteroid therapy in high doses during early respiratory
failure prior to the progression of pneumonia virus-related ARDS. Published
reports indicated that for the treatment of SARS and MERS, corticosteroid
therapy could damage and worsen the patient prognosis [34]. The patients
have been limited to short-term regimens. Intravenous methylprednisolone
reduced the fever in patients leading to the weaning from mechanical venti-
lation, resulting in 100% survival rate with 0% reintubation rate, followed by
the absolute removal of ventilator support within 7 days in all cases. That case
series finding suggested that short-term, high-dose corticosteroid therapy in
COVID-19erelated ARDS patients provides a good prognosis without any
critical side effects. The study had limited number of cases and contained the
single center report. Findings of the case series urged the need of more studies
to elucidate the potential of corticosteroid therapy in COVID-19 [10].

Dexamethasone (6 mg/day) treatment for 10 days in COVID-19 patients
undergoing respiratory support reduced the 28-day mortality. Based on these
findings, one death would be barred by the treatment of 40 patients without
mechanical ventilation, or around 25 patients requiring oxygen or around 8
patients requiring invasive mechanical ventilation [33]. Before completing this
trial, various guidelines for the treatment of COVID-19 patients have stated
that the use of corticosteroids is either not recommended or contraindicated in
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COVID-19 [35]. Updated reports should be followed as has already happened
in the United Kingdom. The most effective treatment for critically ill COVID-
19 patients is dexamethasone, and being inexpensive, safe, and wide avail-
ability, it is the one that can be used worldwide [36].

9.6 Future projections

From the foregoing, it could be understood that the pathobiology of SARS-
CoV-2 is associated to ARDS which is caused by autoimmune destruction
of lung cells originating through the release of proinflammatory cytokines in
what is called cytokine storm. Measures to reduce the release of cytokines
have proved useful and could be a guide toward the discovery of new and
effective drugs.

In light of the recent trends, authors recommend that the cautious use of
antiinflammatory agents, taking note of the patient medical history, should be
supported by other drugs especially those capable of boosting the immune
system. Suppressing the efforts of the SARS-CoV-2 in invading healthy cells
of the body could be a viable treatment option than spending tens of thousands
of dollars developing a “miracle” drug while lives are lost.

Again, the authors recommended that efforts should be directed to natural
products especially medicinal plants with potent antiviral, immunomodulating,
and anti-inflammatory properties. Many collections of Egbuna and his
collaborating team have presented the sources for these compounds in their
books and book chapters [37e45].

9.7 Conclusion

The outbreak of COVID-19 that emerged from Wuhan, China, in December
2019 with links to zoonotic sources is known to be caused by SARS-CoV-2,
which share similarities to SARS and MERS. The rate at which it spreads and
the number of deaths recorded show that it is the greatest threat to mankind in
modern history. There is currently no drug or vaccine with express approval to
treat COVID-19. However, some immune-modulating drugs and antiviral
agents are on trial. Recently, it has been indicated that the corticosteroid drug,
dexamethasone, may have the potential to reduce the mortality of patients
suffering from severe COVID-19.

List abbreviations

ARDS Acute respiratory distress syndrome

China CDC Chinese Center for Disease Control and Prevention
COVID-19 Coronavirus disease 2019

ICU Intensive care unit
MERS-CoV Middle East respiratory syndrome coronavirus

RNA Ribonucleic acid
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SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2
WHO World Health Organization

b-CoV Beta-coronavirus
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