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ARTICLE INFO ABSTRACT

Keywords: The ongoing global pandemic of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is marked as one
COVID-19 of the most challenging infectious diseases in the history of mankind with affliction of ~29,737,453 confirmed
Effective therapies cases globally. Looking at the present scenario where there is a parallel increment in curve with time, there is an
;/:;c;]es utmost emergency to discover a perennial solution to this life-threatening virus which has led the Human race in
Radiotherapy an unusual state of affair. The entire health care fraternity is engaged in endeavouring an ultimate way out to hit

this pandemic but no such research made till now has been approved yet, to have the potential to bring an end to
this fatal situation. Although a few possible treatment choices exist at the moment yet the requirement to search
for a still better therapeutic option remains persistent. Global laboratories are working day and night in search
for an effective vaccine, many are undergoing clinical trials but their commercialization is no less than a year
away. The present review highlights the current potential therapies viz., vaccines, immunotherapies, convulsant
plasma therapies, corticosteroids, antithrombotic, intravenous immunoglobulins, nocturnal oxygen therapy etc.
that may prove beneficial in attenuating the pandemic situation. However, comparison and presentation of
collective data on the therapeutic advancements in mitigating the pandemic situation needs further clinical

investigations in order to prove boon to mankind.

1. Introduction

Over the span of last 6 months, the entire world has been put on halt
by a new strain of corona virus which was not seen previously in human
and was termed as “Novel Corona virus-19” (nCOVID-19). The corona
virus is an unsegmented, crown shaped, and positive-sense single
stranded RNA virus belonging to the family Coronaviridae and sub-
family Coronavirinae [1]. On the basis of distinct genetic attributes,
the sub family of coronavirus is further classified into four genera
namely: alpha, beta, gama, and delta coronaviruses. However, only
alpha and beta genus are originated from bat and are responsible for the
viral infection in human population. The virus SARS-COV-2 responsible
for the current outbreak belongs to the beta genus [2]. A significant
feature of the virus is its crown-like structure which comprises of the
spike glycoprotein on its outer surface termed as spike protein or S
protein which is further cleaved into two subunits S1 and S2 [3]. The
virus binds to the host cell receptor at Receptor Binding Domain (RBD)
which lies in S1 subunit, while the S2 subunit is involved in fusion of
host and viral membranes, thereby leading to penetration of virus inside
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the host cell [4]. An idiosyncratic feature of SARS-COV-2 is the presence
of furin cleavage site at the interface of S1 and S2 subunits which pro-
motes the insertion of O-linked Glycans to T678, S673, and S686 [5].

By means of receptor mediated endocytosis, the virus makes its way
into the host cell particularly via type-2-alveolar cells [6]. Due to the
existence of polybasic furin cleavage site and O-linked glycans, mutation
takes place on receptor binding site of S protein and thus promote the
efficacious binding of SARS-COV-2 virus to the main receptor angio-
tensin converting enzyme 2 (ACE2) receptor [7]. Upon binding to the
specific receptor, virus initially infects the lower airway and finally ac-
tivates the immune cells to secrete inflammatory cytokines and che-
mokines into pulmonary vascular endothelial cells leading to Cytokine
Release Syndrome (CRS) [8]. Interleukin-10 (IL-10), IL-7, IL-12,
Monocyte Chemotactic Protein 1 (MCP1), Tumour Necrosis Factor- o
(TNF-a) and Granulocyte Colony Stimulating Factor (GCSF) are the cy-
tokines which are produced in larger quantity as when compared with
other cytokines. Several studies have reported that high levels of IL-12,
IL-7, IL-10, GCSF, MIP1a and TNF-a in blood has been found in some
patients admitted in intensive care unit [9,10].
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The first COVID-19 case was stated in December 2019 from Wuhan,
Hubei Province, China [11]. Initially five cases were reported (total of
five cases and one death) with Acute Respiratory Distress Syndrome
during the time span of December 18, 2019 to December 29, 2019
[12,13]. Due to high degree of infectivity of SARS-COV-2, the world
witnessed an unprecedented rise in the number of infected patients,
starting from a handful of cases in China to catastrophically spreading
across the boundaries infecting 216 countries worldwide. As per the
weekly epidemiological update, presented by World Health Organisa-
tion (WHO), a total of 29,737,453 confirmed cases and 937,391
confirmed deaths have been reported till 17 September 2020, with
United States being the most affected country with a total of 6,530,324
established cases and 194,434 death cases followed by India with
5,118,523 cases and 83,198 death cases [14,15].

Looking at the current scenario where there is a parallel increment in
the curve with time, there is an utmost emergency to discover a
perennial solution to this life-threatening virus which has led the human
race in an unusual state of affair. The entire health care fraternity is
engaged in endeavouring an ultimate way out to hit this pandemic, but
no such research made till now has been approved yet to have the po-
tential to bring an end to this situation. Meanwhile the drug discovery
processes are going on in full swing, a number of antecedent antiviral
drugs are sent for pre-clinical and clinical trials for SARS-COV-2 treat-
ment. According to Coronavirus Treatment Acceleration Program
(CTAP) Dashboard provided by The U.S. Food and Drug Administration
(FDA), a total of 590 + drug development programs are in planning
stage, 310 + reviewed trials, yet no treatment is approved by FDA.
However, two drugs Remdesivir and hydroxychloroquine achieved
authorization for emergency use [16,17]. Remdesivir, an antiviral drug
for Ebola virus has proven its ability in speeding up the recovery time in
patients suffering from severe condition. However, this drug cannot be
delivered in patients with severe hepatic disease and chronic renal
impairment as it produces side effects like respiratory failure, hyper-
tension, nausea, and elevation in the levels of liver enzyme [18,19]. The
results of randomized, open-label, phase III clinical trials conducted for
the investigational drug, Remdesivir, by Gilead Sciences, reported that
the intake of the drug successfully decreased the mortality rate of hos-
pitalized patient [20]. Apart from this, Chinese Randomized Clinical
Trial (RCT) supported study, carried out by Shenzhen in February 2020
suggested that the treatment with Favipiravir developed by Toyama
Chemicals, could ameliorate the symptoms in initial and early stages.
However, it failed to show similar outcome in cases with high severity
[21]. Chloroquine, an anti-malarial drug also reflected as one of the
promising drugs in in-line treatment, but its overdose was observed to be
associated with acute toxicity. The hydroxyl derivative of chloroquine,
hydroxychloroquine serves its immunomodulatory action and turned
out to be a better option against SARS-COV-2 with respect to safety
concerns. The drug not only demonstrated the potential of decreasing
elevated levels of cytokines in the serum but also inhibited the phago-
lysosome fusion by lowering the intracellular pH [22]. In a longitudi-
nal study, carried out by Henry Ford Health System in Southern Mich-
igan [23] a remarkable rise in the survival rate of hospitalized patients
was observed upon administration of hydroxychloroquine alone as well
as in combination with Azithromycin in the first 24-48 h of exposure
towards the virus. However, the use of hydroxychloroquine combined
with Azithromycin was contradicted in many reports and hence it was
interpreted to use this therapy only in patients under medical aid.
Though many drugs tried to prove themselves to be efficient enough but
Hydroxychloroquine and Remdesivir are implied potent drug candidate
employed for treatment of viral infection [24]. Scientists have also
demonstrated that influenza drug EIDD-2801, acting as a prodrug of the
synthetic nucleoside derivative N4-hydroxycytidine, works on the
principle of imitating nucleoside and this has successfully proven to be a
better therapeutic and prophylactic agent against the devastating dis-
ease [25].

Unfortunately, all these treatment approaches are only contributing
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scanty towards the win and further examination of the medical therapies
are still a necessity. On account of major health concern, present review
article mainly focuses on presenting a collective data on the advance-
ments towards curtailment of the pandemic so that worldwide re-
searchers get an idea of the current status which will embolden them to
meet current medical needs. Here we provide an insight into the
mechanism and utility of newly emerging strategies viz., Vaccines, Im-
munotherapies, Convulsant Plasma Therapy, Corticosteroids, Antith-
rombotic Therapy, Intravenous immunoglobulins, Nocturnal Oxygen
Therapy, Mesenchymal Stem Cell Therapy and Radiation Therapy along
with the associated Clinical Trials and Patents filed worldwide.

2. Advances in COVID-19 therapies
2.1. Vaccination

Innumerable bunch of repurposed and anti-viral drugs trial against
SARS-COV-2 are predicted to help control the disease yet none is able to
completely eliminate the virus from the biological environment. Under
such circumstances, “Vaccination” proves to be a prime solution to
control any infectious disease. Clinical researchers all over the world
have raced for the development of an effective and efficient vaccine and
so far, a total of 170 vaccine candidates are being monitored by WHO
[26]. Several research scientists suggested that the Bacillus Calmette-
Guerin (BCG) vaccination exploited against tuberculosis has shown to
offer a protective effect against the viral strain. Aron et al. [27] in an
epidemiological study conducted lately, ascribed the nation-wise devi-
ation in the SARS-COV-2 associated morbidity and fatality to the BCG
immunisation strategy in varied countries. The survey demonstrated
that the countries having appropriate BCG immunisation scheme have
lower SARS-COV-2 associated mortality rate in contrast to the nations
with no BCG vaccination scheme thus suggesting possible defence pro-
vided by BCG vaccination against SARS-COV-2. Additionally, a recently
published study by Berg et al. [28] proposed that the BCG vaccine might
likely be involved in flattening the epidemic curve and thus control the
transmission of the disease. The study assessed the rate of per day rise in
the number of positive reported cases in around 135 nations and also
analysed the associated mortality in 134 nations during the first 30 days
of time span. Kinoshita and Tanaka [29] conducted a study wherein they
analysed the co-relation between the BCG vaccination and SARS-COV-2
virus in Japanese RT-PCR positive patients. They demonstrated that
neonatal BCG vaccine coverage in the younger generation resulted in
positive effects with defensive impact against the native SARS-COV-2
transmission in Japan. At present, 22 clinical trials are registered in
“clinicaltrials.gov” with BCG vaccine and among which 12 candidates
are recruited to prevent and minimize the risk of SARS-COV-2 infection
in older generation and the healthcare professionals [30]. However, the
safety of BCG vaccine still remains an unexplained mystery. As reported
last on 12 April 2020, owing to the lack of evidence, WHO discourages
the recommendation of BCG vaccination against SARS-COV-2 [31].
However, Simone et al. [32] carried out a retrospective cohort study to
examine the safety profile of BCG immunisation in the SARS-COV-2
disease. They conducted a comparative analysis in three cohorts of
volunteering participants, either BCG vaccinated in past 5 years or had
not been vaccinated ever in their life. The survey resulted in positive
outcomes and they reported that no increased risk of hospital admission
was observed and thus reassuring the safety of the vaccine. The study
also assured the non-involvement of BCG vaccination in the increment of
cases or the severity of SARS-COV-2 viral infection in the healthy pop-
ulation. As of September 9, 2020, WHOs draft landscape of SARS-COV-2
candidate vaccine, reported 145 candidate vaccines under preclinical
evaluation and 35 candidates under clinical evaluation among which 9
most advanced vaccines are undergoing the final phase III clinical trials.
The candidate vaccines are investigated using different platforms and
technologies including viral-vectored, nucleic acids (DNA and RNA),
protein subunit and inactivated vaccines [26]. The mRNA-1273
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candidate vaccine jointly developed by ModernaTX, Inc. and the Na-
tional Institute of Allergy and Infectious Diseases (NIAID) is a lipid
nanoparticle (LNP) encapsulating mRNA-based vaccine which expresses
a perfusion stabilised SARS-COV-2 spike protein [33,34]. At present, the
vaccination is undergoing a randomized phase III trial (NCT04470427),
which began to the experimental in July 27, 2020 enrolling 30,000
participants in two cohorts with one being placebo-controlled. The in-
dividuals belonging cohort shall receive a dose of intramuscular injec-
tion (IM) (100 pg) on the first day and on the 29th day while the placebo-
controlled group shall receive a dose of IM injection of placebo-
matching mRNA-1273 on the first and the 29th day. The trial is
focused to evaluate the immunogenicity, efficacy and the safety profile
of the vaccine candidate in its route to prevention from SARS-COV-2
viral infection for a period of 2 years following the second dose of the
vaccine and the study is estimated to be completed by October 27, 2020
[35,36]. Another forefront candidate in the race of vaccine development
is the ChAdOx1-nCOV19 vaccine, a recombinant chimpanzee
adenovirus-vectored vaccination developed by the University of Oxford,
UK in collaboration with AstraZeneca. The candidate vaccine has
already been reported to be capable of generating an anti-viral response
in the animal model studies [37]. The ChAdOx1-nCOV19 is undergoing
a randomized control Phase III clinical trial (NCT04536051) with 5000
volunteers with high risk of SARS-COV-2 exposure, enrolled in two co-
horts. The study is estimated to be completed by September 2020 [38].
However, the safety of the vaccine remains a question among the health
professionals as due to the occurrence of adverse effects in one of the
participants the clinical trials for the vaccine was put on halt and are yet
to be resumed in countries like US, India and South Africa [39].

Although the process of vaccine development is progressing in an
accelerated fashion yet uncertainty prevails in the industrialisation of
every new drug candidate registered for clinical trials and as per experts
the estimated time is suggested to be 12-18 months [40]. However, in
this regard the United States have taken a noteworthy step by initiating
the Operation Warp Speed (OWS), an alliance with organisations
including Department of Health and Human Services (HHS), the Food
and Drug Administration (FDA), the Department of Defence (DOD), the
National Institute of Health (NIH) and the Centres for Disease Control
and Prevention (CDC). The chief purpose of this alliance is to expedite
the examining, supplying, development and dispensing processes of
effective and secure vaccine, diagnostics and therapeutics by utilising
the resources of the federal jurisdiction to encounter SARS-COV-2 [41].
Moreover, the OWS has picked up the most promising counter-measure
participants to provide economic and financial support along with
harmonizing and accelerating their development and trial processes.
Meanwhile the growth of the vaccines rises forward, the HHS-DOD
alliance is establishing the foundation for dispensing, funding and
logistical assistance [42]. So far, for developmental purpose, the HHS-
DOD partnership has provided $456 million to Johnson & Johnson’s
(Janssen) vaccine candidate, $483 million to the ModernaTX’s applicant
vaccine, $1.2 billion to the candidate vaccine of AstraZeneca and $1.6
billion, $1.95 billion and $2 billion funds to the vaccine candidates of
Novavax, Pfizer and Sanofi-GlaxoSmithKline (GSK) partnership respec-
tively. Moreover, late in September 16, the HHS-DOD alliance revealed
two documentation describing the complete strategy in detail for the
delivery of safe and secure SARS-COV-2 vaccine to the natives of
America as early and safely as possible [43]. With all the in-
determinacies existing in terms of vaccination, the Gamaleya National
Centre of Epidemiology and Microbiology developed, two adenovirus-
vectored Sputnik V vaccine came as a ray of hope for the entire global
health system. The phase ' results demonstrated that the vaccine was
effective in inducing a strong immune response in the 76 enrolled par-
ticipants. However, in spite of the completion of phase III clinical trials
the vaccine has gained approval but its safety and efficacy still remain
uncertain and does have received a multitude of criticism from various
organisation [44]. Table 1. shows the list of some ongoing clinical trials
for SARS-COV-2.
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Table 1
Ongoing Clinical Trials for SARS-COV-2 [45].
Vaccine Country of Origin Phaseof  Funding
(Pharma Sponsor) Trial
CoronaVac Sinovac, China Phase 3 Sinovac research and
development co., Ltd
mRNA-1273 Moderna, USA Phase 3 Operation Wrap speed;
NIAID, BARDA (483
Million Dollar)
AZD1222 Oxford University; Phase 3 Operation Warp speed; UK
AstraZeneca; IQVIA Ministry of health; The
University of Oxford;
BARDA
BNT162 Pfizer, BioNTech Phase3 Pfizer, BioNTech
BCG live University of Phase University of Melbourne
attenuated Melbourne and 2/3 and Murdoch Children’s
Vaccine Murdoch Children’s Research Institute
Research Institute
Ad5-nCoV CanSino Biologics Phase 3 CanSino Biologics
ZYCOV-D Zydus Cadila (India) Phase 2 Department of
Biotechnology, India
Covaxin Bharat’s BioTech; Phase 2 Indian Council of Medical

National Institute of
Virology

Research, India

2.2. Immunotherapy in COVID-19

Owing to the perilous threat on the world health sector by the cur-
rent SARS-COV-2 pandemic, repurposing of drugs and therapies has
become a mandatory field of research. The novel coronavirus imposes a
major menace on the human immune system. A beneficial therapy that
might have the ability to reduce the action of the virus is Immuno-
therapy. Inmunotherapy which is an exciting area of research for cancer
treatment has changed the world’s perspective towards cancer cure. The
therapy was first discovered by the Father of Immunotherapy, William
B. Coley, back in 1890s [46]. Immunotherapy is a form of biotherapy
that fights against cancer by boosting the body’s own immune system to
recognize, target and remove cancer cells. Besides curing cancer,
immunotherapy also holds a glorious history of healing viral infections
including the members of coronavirus family comprising of SARS-CoV
and MERS-CoV [47]. At the moment, among the various immuno-
therapy proposals, Monoclonal Antibody Therapy and Vaccination are
the major area of concern for treatment against SARS-COV-2. On ac-
count of its safety profile, purity, receptor specificity and diminished risk
of contamination by blood-borne pathogens, Monoclonal Antibodies are
preferred passive immunotherapy for the infection. With 77.5% simi-
larity in the spike glycoproteins, the attachment of the Receptor Binding
Domain (RBD) present in the S1 subunit with the ACE-2 receptor in the
host cell marks the onset of the infection in both SARS-CoV and SARS-
COV-2 [48-51]. The trimeric spike glycoprotein located in the viral
membrane is the key target of anti-coronavirus neutralizing antibodies
[52,53]. Although, the viral strains are structurally alike, the SARS-CoV
specific, ACE-2 receptor targeted antibodies fails to combine with the
receptors of SARS-COV-2 thereby generating an urge for further devel-
opment in the therapy [54]. Monoclonal antibodies have the ability to
recognise the epitopic region in S1 subunit and are aimed to cease the
interaction between the RBD and ACE-2 receptor preventing the fusion
of the membranes [55]. Three Human Monoclonal antibodies (HmADb)
viz. B38, H4 and 47D11 showed promising outcome in neutralizing the
SARS-COV-2 viral infection. 47D11 is the first SARS-COV-2 blocking
HmAD designed by Wang and his co-workers [56]. With the help of
ELISA (cross) reactivity, a cohort of 51 SARS-S hybridoma’s extracted
from immunized transgenic H2L2 mice, were assessed of antibody
containing supernatants. However, ELISA cross reactivity with SARS2-
S1 subunit was displayed only by four hybridoma cell line superna-
tants. Furthermore, one supernatant (47D11), indicated cross neutral-
izing activity of SARS-S and SARS2-S pseudo typed VSV infection. For
further examination purpose, the human variable heavy and light chain



A. Kumar et al.

regions were cloned into a human IgG1 isotype backbone to reformate
the chimeric 47D11 H2L2 antibody to a fully human immunoglobin.
47D11 exhibited binding properties to SARS-COV-2 and SARS-CoV
thereby limiting the viral infection of vero cells. The 47D11 targeted
the S1b RBD of SARS-2 and prevented the interaction between the S-
Protein and ACE-2 receptor, however further investigation in this
research design is essential. Moreover, on 12 March 2020, Wang and his
colleagues filed a patent application on monoclonal antibodies targeting
SARS-CoV 2, with results awaiting. Wu et al. [57] presented a report on
the neutralizing abilities of four human origin monoclonal antibodies
(B38, H4, B5 and H2), extracted from convalescent patients. With an
ICs value ranging from 0.177 pg/ml to 1.375 ug/ml, all the four anti-
bodies exhibited neutralizing activities. The antibodies were designed to
block the binding between the RBD and ACE-2 receptor by forming their
own complexes with the S1I-RBD. A competition assay using Biolayer
Interferometry (BLI) and a blocking assay using Fluorescence- Activated
Cell Sorting (FACS) was performed to examine the ability to block the
viral interactions, wherein the results demonstrated complete competi-
tion with ACE-2 receptor by B38 and H4, partial competition by B5
while no competition by H2 antibody. The study also proposed the fact
that with partial overlapping, B38 and H4 were able to recognize the
different epitopes on RBD. The authors assured that this evaluation
further could be helpful in the development of smaller molecules or
peptide drugs and inhibitors.

Though Monoclonal Antibody therapy proves to be a promising
candidate in neutralizing the viral strain, yet no antibodies have been
marketed till now. Production of large-scale monoclonal antibodies is
expensive, time consuming and intense thus limiting its utilization
during the pandemic [58]. However, looking at the present condition
with no effective therapeutic solution, the knowledge of neutralizing
antibodies will provide the researchers a better outlook for vaccine
development process.

Hyperbolised immune response often known as Cytokine Storm
Syndrome (CSS), contributed primarily by elevated serum levels of IL-6
is a hallmark of severely ill SARS-COV-2 patients with an increasing
susceptibility to death. A fetching treatment strategy for quenching the
inflammatory cascade is by inhibiting or modulating the IL-6 signalling
pathway to mimic the SARS-COV-2 associated inflammatory response
[59]. The 2010 FDA approved IL-6 antagonist, Tocilizumab (TCZ) has
been approved in the Diagnosis and Treatment protocol for Novel
Coronavirus Pneumonia (Trial Version 7), (issued by: National Health
Commission of china) for use in critical patients with high level of IL-6
and lesions in bilateral lungs [60]. Upon treatment with Tocilizumab,
initially the IL-6 levels temporarily remain in an elevated state for next
few days as the receptors are blocked by the antagonist, however with
time the drug effectively manages to lower the inflammatory response.
Xiaoling Xu et al. [61] proposed that Tocilizumab showed effective re-
sults in improving clinical symptoms of hypoxygenmia in a retrospective
observational study of 21 severely affected SARS-COV-2 patients.
Improvement in body temperature and respiratory functions were
observed along with lowered oxygen intake flow. No adverse events and
deaths were reported and about 90.5% patients were discharged after
13.5 days. Reports from the literature also suggested that early admin-
istration of Tocilizumab controlled the worsening of the symptoms.
Perez and co-workers [62] in 2020 described an overall mortality rate of
12.9% (all at ICU) in a retrospective cohort of 306 hospitalized patient
treated with TCZ. The median time for TCZ administration was 10 days
after infection onset and 2 days after admission. During the evaluation,
two patients were hospitalised with one in ICU, and the cumulative
follow up was 83 days. No readmission and follow-up losses were re-
ported. Alattar and his co-workers [63] presented the clinical records of
25 patients in which 36% of the cohort were successful in attaining
primary outcomes, 52% were admitted still in ICU and 12% was the
confirmed death rate. Capra et al. [64] published that TCZ administered
patients displayed a better survival rate in a relative study between 26
standard care patients and 62 TCZ plus standard care delivered subjects.
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The Italian Medicines Agency on March 19,2020 launched an indepen-
dent phase II study TOCIVID-19, to estimate the potency and safety of
Tocilizumab in treatment of SARS-COV-2 pneumonia. Sarilumab, with
trade name Kevzara manufactured by Regeneron/ Sanofi is another IL-6
receptor antagonist undergoing a randomized, placebo-controlled phase
I1/11I study to evaluate the efficacy of low and high dose Sarilumab in
hospitalized patients with SARS-COV-2 [65]. Although IL-6 inhibitors
have presented promising outcomes in increasing the survival rate of
hospital aided patients yet safety risk and substantial cost limits the
widespread use of Tocilizumab in the fight against SARS-COV-2
pandemic [66].

Based on all the available evidences, immunotherapy can be stated as
an upcoming defence against this viral disease. Several studies have
reported that combination of immunotherapy with anti-viral drugs will
produce excellent outcomes with former decreasing the viral load and
reducing stimulus intended for inflammatory responses and the latter
improving the dysregulated inflammatory response preventing lung
injury.

2.3. Convalescent plasma therapy

Convalescent plasma (CP) therapy has long been utilised effectively
for treatment of multiple infectious diseases which includes the 2003
SARS-CoV-1 epidemic, 2009-2010 H1N1 influenza virus pandemic, and
2012 MERS-CoV epidemic [67-69] for which current medication has no
precisely actual treatment. In the present deficiency of an exact antiviral
drug and vaccination for SARS-COV-2, clinical trials have been steered
and meant for exploring the therapeutic efficacy of CP in treating
pandemic. Sun et al. [70] conducted a meta-analysis on 40 study reports
on CP treatment for infectious diseases and reported that the approach
was found to be effective in reducing the mortality risk together with
rare occurrence of unfavourable effects, boost antibody production,
foreshorten the course of disease and leads to a decrease in the viral
load. The authors concluded that based on previous evidences of CP
treatment the same might have therapeutic effect in the case of SARS-
COV-2. A very newly available study by research scholars from China
established the effectiveness of CP in regulating SARS-COV-2 (Table 2)
[71]. The study recommended that SARS-COV-2 patients exhibited
cryptograms of enhancement approximately by 1 week following CP
transfusion. Abolghasemi et al. [72] reported a multicentred clinical
study conducted on 189 SARS-COV-2 patients among which 115 par-
ticipants were to be administered with CP and the remaining 74 were
added in a control group. The results of the study stated that 98.2% of
the individuals delivered with CP therapy were discharged early from
the medical compared to 78.7% in the control group. A significant
decrease in the duration of hospital stay was observed in the CP group
(9.54 days) in contrast to the controlled group (12.88 days). In addition
to this, merely 7% of the participants in CP group had the need for
intubation while in the controlled group 20% of the cohort faced the
requirement for intubation. Thus, this study provided a strong testifi-
cation to uphold the efficaciousness of Convalescent Plasma Therapy in
the treatment for SARS-COV-2 disease. The clinical efficiency, potential
economic efficacy and the ease of access of CP cumulated from SARS-
COV-2 patients who have the subsisted transmittable virus by building
defensive antibodies are some of the advantages of CP therapy for SARS-
COV-2. Given the scientific efficiency of CP, the FDA has approved
clinical consent for employing CP for the treatment of critically ill SARS-
COV-2 patients (FDA, 2020).

2.4. Corticosteroids therapy

On the grounds of the fact that corticosteroids are mainly responsible
for the suppression of inflammation, a study was carried out in which a
total of 41 patients were included, out of which 21% received cortico-
steroids. The initial idea of using steroids in treatment of acute respi-
ratory distress was given by Stockman and his co-workers (through a
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Table 2
Role of Convalescent plasma in patients with respiratory infection by coronavirus (SARS, MERS, and SARS-COV-2).
Viral Patient Condition Case No of Interventions Outcomes Reference
Etiology Design individuals
SARS- Critically ill Case Series 5 200 ml was transfused twice, for a time period of In 4/5 patients, body temperature gets normalized. [73]
Ccov2 10-22 days Increase in PAO2/FIO2 and decrease in SOFA
score was observed within 12 days.
SARS- Severely ill Case Series 10 200 ml was transfused, for a time median of 16.5 Reduction in viral load and inflammation was [74]
Ccov2 days observed and breathing was improved
SARS- Case Series 4 In one or two successive transfusions, 200-400 ml of  Clinical improvement and discharged from [75]
Ccov2 volume was transfused. A total of 2400 ml was hospital.
provided by dividing the volume in eight
consecutive transfusions.
SARS- Case Series 5 200-250 mL of Convalescent plasma was transfused Decreased viral load and improvement in [73]
Cov2 in two successive transfusions, then Single dose of antibodies.
200 ml was transfused
SARS- Clinical trail 19 Single dose of 200 ml of Convalescent plasma was Reduction of viral load and improvement in lungs  [76]
Ccov2 transfused function.
SARS- Case Series 6 200-250 mL of Convalescent plasma was transfused ~ IgG and IgM antibodies increased and Suppression ~ [77]
Ccov2 in two successive transfusions in viral load was observed.
SARS- Case report 2 Unknown 1gG and IgM antibodies increased and Suppression ~ [78]
Ccov2 in viral load was observed.
SARS- Critically ill Case Series 4 200-2400 ml was transfused in 1-8 transfusions for ~ All four patients were well again and discharged [79]
Ccov2 an average of 15.5 days from hospital.
SARS- Stable Case Report 1 200 ml was transfused twice, for a time period of Unremarkable recovery [67]
Cov1 14-16 days
SARS- Progressive disease, 40 (19 CP) 200-400 ml was transfused, for average time period  Fast recovery in those patients infused with CP [80]
[€0)%1 Retrospective non- of 11.4 days. than patients who received continued methyl
randomized comparison prednisone (non-CP)
SARS- Severely 11l Case Series 3 500 ml was transfused, for average time period of Progression have seen in infected healthcare [81]
Cov1l 10.5 days. worker and had failed to show recovery with
available treatments.
SARS- Case Series 80 An average of 279.3 ml was transfused, for a time By 22nd day, highest discharged rate was observed [82]
Cov1l range of 7-30 days in patients who received CP before 14th day.
Patient stay long in hospital who received CP after
14th day
SARS- Retrospective comparison 19 200-400 ml was transfused, for 11 days and 42 after =~ Adverse events are recorded and long stay in [80]
Ccov1l of case onset of symptoms hospital was observed.
SARS- Case series 80 279 ml of CP was transfused per day 14 Long stay in hospital was observed and mortality [82]
Ccovl rate is more.
SARS- Case series 40 Unknown Dose of CP Mortality [83]
Cov1
SARS- Case series 3 Unknown Dose of CP Adverse events were recorded, viral load [84]
Ccovl increased, mortality
SARS- Case series 1 50 mL of CP single dose was infused on day 17 of Long stay in hospital was observed and mortality [85]
Ccov1l onset of symptoms. rate is more.
SARS- Case report 1 CP 250 mL of CP, 2 doses was transfused onday 7 on ~ Mortality [86]
Ccovl the onset of symptoms.
SARS- Case report 1 200 ml of CP was infused on day 14 on onset of Mortality [67]
Ccovl symptoms
MERS- Case Series 3 Dose of Cp was unspecified. Antibodies was produced. [87]
cov
MERS- Case Report 1 250 ml was transfused, for time period of 19 days Respiratory distress was observed within 2 hours [88]
cov of transfusion.
MERS- Case Series 3 CP was transfused, for a time period of 8-18 days Neutralization in antibody activity was observed [87]
cov in 2/3 patients.

meta-analysis; where he carried out the effect of steroids in patients of
SARS-COV-1). The observations showed that corticosteroid therapy is
associated with majority of side effects as it delays the viral clearance,
can be responsible for diabetes, psychosis and avascular necrosis [89].
Corticosteroids are used for the treatment of sepsis and ARDS. Despite of
their history, the effectiveness and safety of corticosteroids is still
controversial. Numerous clinical trials along with meta-analysis have
shown that corticosteroids are linked with increased mortality and is
employed in conditions where hospitalization for longer period is
required (as in SARS, MERS). The associated adverse effects are due to
suppression of host immune responses. Various studies demonstrate that
corticosteroids are associated with some beneficial effect in viral-
associated infections (mainly in critical or serious cases). A retrospec-
tive study carried out on 401 patients showed that corticosteroids are
associated with reduced cases of fatality and shortens hospital stay.
Higher doses are linked with numerous adverse effects such as delayed
viral clearance, secondary infections as well as emergence of viral

resistance. As per the guidelines provided by Diagnosis and Treatment of
COVID-19 (7th edition), China (NHPFC, 2020), lower and moderate
quantity of corticosteroids results in therapeutic effect for a critically ill
patient with COVID-19 pneumonia [90].

The preliminary data obtained through retrospective cohort study
that was carried out in China reported that 48% of patients died who
were given corticosteroids as therapy whereas the other 23% patients
survived who were given other therapies. On the basis of this evidence,
World Health Organisation (WHO) restricted the use of corticosteroid
treatment against SARS-COV-2 but can be used only if indicated
(intended for other indications). Corticosteroids are responsible for
suppressing lung inflammation. The dose of methylprednisolone (that
was administered) was based on the severity of disease. The guidance
provided by WHO suggests that corticosteroids should only be admin-
istered only when advised to do so. The clinical outcomes do not support
the use of corticosteroids during corona virus infection. A retrospective
study was carried out with 309 adults suffering from MERS, who were
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allowed to administer corticosteroids. From the observational studies, it
can be concluded that patients administered with corticosteroids re-
quires vasopressors, ventilation therapy as well as renal replacement
therapy. There is no such distinctive reason which can be employed for
the implication of corticosteroids in patients with SARS-COV-2
[89,91,92]. The various corticosteroids that are prescribed are
mentioned in Table 3.

In a study conducted by Xiaofan Lu [91], the role of corticosteroids
(as adjuvant therapy) was observed in serious ill patients (suffering from
SARS-COV-2). The study was conducted on the patients with coronavi-
rus disease, as at chronic stages it can lead to the development of
pneumonia which on further leads to the development of Acute Respi-
ratory Distress Syndrome (ARDS). Along with this, multiple organ
dysfunction can be observed leading to high mortality rates. In such
conditions, corticosteroids are employed as adjuvant therapies. The
study was carried out on 244 patients (critically suffering from SARS-
COV-2), all of them were administered antiviral drugs (lopinavir/rito-
navir, ganciclovir, oseltamivir, arbidol etc.). Amongst these 244 pa-
tients, 151 patients were supplemented with adjuvant corticosteroid
treatment (hydrocortisone in 200 mg/day). This investigation warrants
the limited use of corticosteroid therapy in severely afflicted patients
with SARS-COV-2. Along with this proper caution must be taken in
consideration and prudent dosage must be given only under specific
condition. Another study carried out by Lei Zha and his co-workers [89]
aimed at evaluating the efficacy of corticosteroids in patients suffering
from SARS-COV-2. In their study SARS-COV-2-designed hospitals
(WUHU) were chosen and 11 patients out of 31 (infected with SARS-
COV-2) received corticosteroids as treatment therapy. The observa-
tions clearly reported that no as such association was there between viral
clearance time and corticosteroid (as carried out through COX propor-
tional hazards regression analysis). Thus, through this, it can be evalu-
ated that no association is there between corticosteroid therapy and
SARS-COV-2.

2.5. Anti-thrombotic therapy

The initial phase of SARS-COV-2 is marked with sustained high fever
and cough for a time span of 8 days. After 8 days, about 20% of the
patients develop dyspnoea along with pulmonary infiltrates (in 10% of
patients) and around 1/4th of the patients is at a critical ill stage
(admitted to hospital and suffering from ARDS) after 10 days from onset
of symptoms. The common laboratory-based problem comprises of
lymphopenia, elevated levels of lactate dehydrogenase and higher
amount of D-dimer, ferritin, C-reactive protein as well as IL-6. IL-6 is
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related with pro-coagulant profile as well as with the severity of the
disease. The lungs get affected at the initial stage which is supported by
autopsy reports. This ARDS further propensities to severe complicated
form known as Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-COV-2), in which patients require medical assistance (including
Intensive Care Units/ICU or mechanical ventilation) for its treatment.
The reason for the assistance is not only lung damage but it also damages
other vital organs such as heart and kidney [95,96]. The above findings
support that SARS-COV-2 is multi-organ disease that acts via different
mechanism; such as systemic inflammation that cause organ failure.
This can further be described by the fact that hospitalized patients for
SARS-COV-2 comprises of complicated and complex pneumonia; which
can further lead to systemic inflammation as well as thrombotic events
like ischemic stroke and myocardial infraction. From studies it can be
reported that patients with pneumonia showed changes in platelet
activation as well as clotting. This occurs during initial phase of disease
and further leads to precipitation of systemic or local thrombosis.
Although it is not clear, that whether this thrombosis is linked with
lungs, kidney or coronary circulation. Numerous studies have reported
the behaviour of clotting as well as platelet count in hyper-coagulation
state. Laboratory test carried out for measuring the clotting activity in-
cludes Prothrombin Time (PT) and Activated Partial Thromboplastin
Time (APTT); along with this whole blood viscoelastic analysis can be
carried out through the implication of Thermoelectrometry (ROTEM)
and Thromboelastography (TEG) [96,97].

2.5.1. General consideration for COVID-19 and thrombotic disease
Numerous investigational agents are evaluated for its management
and implication in SARS-COV-2 pandemic; mainly for the patients with
severe disease. Table 4 shows the various drugs employed in SARS-COV-
2 can have interaction with anti-coagulant or antiplatelet agents and are
associated with risk in some cases while beneficial in other cases. For
instance, bevacizumab acts as a monoclonal antibody which binds with
vascular endothelial growth factor and observations show that it is
connected to amplified risk of cardiovascular events (myocardial
infraction, venous thromboembolism and cerebrovascular accidents).
Another can be hydroxychloroquine (Emergency used Authorized Drug
from U.S. Food and Drug Administration) required for SARS-COV-2
treatment exerts antithrombotic effect against the anti-phospholipid
antibodies. Patients admitted in ICU with lower risk of bleeding
should be administered low intensity pharmacological prophylaxis
comprising of low-molecular weight heparin (dalteparin 5000 IU/day
OR nadroparin 65 IU/kg/ day, OR enoxaparin 40 mg/day) along with
low-dose unfractionated heparin (5000 units two times a day) mainly

Table 3
Clinical status of corticosteroid therapy for the management of SARS-COV-2.

Clinical Trial No. Aim Dose for Group No. I Dose for Group no. I No. of Indicator Reference

patients

ChiCTR2000030481  The clinical value of corticosteroid ~ Early corticosteroid Late corticosteroid 75 Time of duration of [91,92]
therapy timing in the treatment of  intervention was provided. intervention was COVID-19 nucleic acid
novel coronavirus pneumonia administered. RT-PCR test results of
(COVID-19): a prospective respiratory specimens
randomized controlled trial change to negative.

NCT0424459 The efficacy of different hormone Methylprednisolone was Methylprednisolone was - Rate of initiation of [92]
doses in 2019-nCoV severe administered intravenously administered through IV drip critical stage and disease
pneumonia (duration: 7 days; dose: 40 (dose: 40-80 mg/d; duration: remission

mg/d 7 days)

ChiCTR2000029386  Effectiveness of glucocorticoid Intravenous injection of No glucocorticoid therapy 24 SOFA score [93]
therapy in patients with severe methylprednisolone was administered
novel coronavirus pneumonia: a (Dosage: 1-2 mg/kg for 3
randomized controlled trial days)

ChiCTR2000029656 A randomized, open-label study to  Standard treatment along Standard treatment without 50 Chest imaging, [94]
evaluate the efficacy and safety of ~ with methylprednisolone methylprednisolone patients complication

low-dose corticosteroids in
hospitalized patients with novel
coronavirus pneumonia (COVID-
19)

through injection
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Table 4
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Various drugs employed for SARS-COV-2 can have possible interaction with anti-coagulant or antiplatelet agents and associated risk factors.

Interaction between therapies in COVID-19 and anti-coagulant agent

Therapies Vitamin K Antagonists Dabigatran Apixaban Betrixaban Edoxaban Rivaroxaban
Tocilizumab No interaction No interaction Increased No interaction No Leads to increased
expression of interaction expression of 3A4
enzyme 3A4
Lopinavir/ritonavir It causes induction of Causes inhibition of Causes Inhibition of P-gp and ABCB1 Inhibition of Should not be co-
CYP2C9 which leads to P-gp which increases inhibition of and thus increased dose P-gp administered as it
decrease concentration of the plasma CYP3A4 and P- concentration. Dose should be inhibition. causes inhibition of
plasma concentration. concentration. gp inhibition decreased to 80 mg once CYP3A4 and P-gp
Dosage adjustment required. followed by 40 mg once daily
Methylprednisolone No interaction No interaction No interaction No interaction No No interaction
interaction
Interferon Mechanism for specific No interaction No interaction No interaction No No interaction
interaction is not elucidated interaction
yet.
Hydroxychloroquine No interaction No interaction No interaction No interaction No No interaction
and Chloroquine interaction
Sarilumab No interaction No interaction Reported No interaction No Reported increase in
increase in the interaction expression of

expression of

CYP3A4.

CYP3A4

intended for preventing venous thromboembolism. Various drugs
employed for the treatment of SARS-COV-2 can interact with oral anti-
platelet agents. For instance, protease inhibitors Lopinavir/ ritonavir
which can inhibit metabolism of CYP3A4, which can cause metabolism
of clopidogrel and thus it reduces effective dosage of clopidogrel. Such
interactions can cause problem and thus the drug selected should go
through an alternative pathway. For example: Prasugrel, does not un-
dergo any such interaction and should be used only when recommended.
The employed drugs can also interact with anti-coagulants, for instance:
Lopinavir/ Ritonavir can affect the dosage of numerous anticoagulants.
Vitamin K antagonist such as Betrixaban, Apixaban should not be co-
administered with Ritonavir/ Lopinavir as it interferes with its dosage
amount [97-99].

Heparin acts as a glycosaminoglycan that prevents the clot formation
and resolves the clots present inside blood. It binds and activates enzyme
inhibitor antithrombin III (AT). This activated AT inactivates thrombin,
proteases as well as Factor Xa thereby inhibiting coagulation. The
presence of heavy molecular chain makes it safer for its usage during
breastfeeding and whole pregnancy. The major side effects related are
heparin-induced thrombocytopenia and osteoporosis. The effect of
anticoagulant heparin was investigated by Tang et al. in patients
suffering from severe SARS-COV-2 disease and showed an effect in the
management of SARS-COV-2 pandemic [100].

2.6. Intravenous Immunoglobulin

The novel corona virus disease poses a unique challenge to clinicians,
results in stress and puts financial burden on both healthcare system as
well as patients, owing to a greater proportion of mortality and infec-
tivity (Ro) cases. At present, due to lack of harmony with respect to
dealing processes for SARS-COV-2 as suggestions/treatments offered are
not well precise and mostly unreliable. Assumed abrupt and with shat-
tering spread of SARS-COV-2 virus, there exists an utmost necessity in
order to discover previously prevailing and existing healing possibilities
until novel treatments and vaccines gets industrialized [101]. Intrave-
nous Immunoglobulin (IVIG), was initially approved in United States,
back in 1980 and is an extremely efficacious treatment option for the
anticipation of deadly infections in patients with immune deficiencies
(mainly primary and secondary). IVIG is widely employed in the treat-
ment of long-lasting/life threatening infections, namely parvovirus
infection intricated by anaemia. Currently, understanding, treatment
and rationale of SARS-COV-2 infection using IVIG is imperfect and
intonation of inflammation, respectively. Numerous anti-inflammatory
properties of IVIG may decrease the response (mainly inflammatory)

in life-threatening cases (for example: SARS-COV-2 infection, together
with the existence of auto-reactive antibodies which binds cytokines to
variable domains of other antibodies) and is shown in Fig. 1. Moreover,
IgG dimers present in IVIG forms a barrier in activating FcyR on innate
immune effector cells [102]. IVIG is a biological invention obtained
from plasma of number of patrons and exploited for treatment of pri-
mary immunodeficiency, secondary immunodeficiency, and autoim-
mune disorders. IVIG offers passive immunization and fortification
against comprehensive range of microbes, pathogens, and viruses. Hy-
perimmune globulin extracted from patrons with high antibody titters
towards specific pathogens and is employed efficaciously in treatment of
contagions, like cytomegalovirus and HIN1 influenza [101].

The access of SARS-COV-2 inside target cell is facilitated due to
presence of transmembrane spike (S) protein which fixes it towards
Angiotensin Converting Enzyme-2 (ACE-2) receptor. The S protein forms
a homotrimer which bulges from pathogen surface. The binding with
receptor site is initiated by S1 subunit with aid of RBD that further re-
sults in the S2 subunit activation and imparts the blending amongst the
viral and the cell membrane [102]. As per Fig. 1 cellular infection pre-
ventive role of S glycoprotein might be due to binding of antibodies to S1
and S2, as proved in cell cultures by incubating viruses in incidence of
counterbalancing antibody along with quantitative decrement in viral
intracellular RNA levels. Neutralizing antibodies deactivates the viral
imitation via delaying receptor binding, averting membrane fusion, or
avoiding uncoating of the virus once inside the cytoplasm [103].

Unindustrialized studies are illustrating the response of antibodies in
patients with SARS-COV-2 viral infection. To and co-workers [104]
assessed the role of serum antibody results in 23 SARS-COV-2 patients in
Hong Kong, Republic of China. A greater number of subjects were found
to be positive for anti-RBD IgG (10 days) and all the patients were
positive for anti-RBD IgG 14 days following symptom onset' The immune
responses towards SARS-COV-2 infection was studied in patients (285)
with the SARS-COV-2 disease. In this regiment, average period required
for growth of anti-viral IgM and IgG was 13 days after the onset of
symptoms, and the entire group of patients developed antiviral IgG
within 19 days. Over a four-fold log variance was observed in level of
antiviral IgG and no relationship was seen between anti-viral IgG levels
and experimental consequence measures (e.g. lymphocyte counts, C
reactive proteins count, or extent of hospitalization) [105]. Recently,
Quniti et al. [106] from Italy have described their involvement in seven
SARS-COV-2 patients with primary immunodeficiency, X-linked agam-
maglobulinemia. Amongst them, five patients were suffering from
Common Variable Immune Deficiency (CVID) and with unknown ge-
netic diagnoses All patients were started with IVIG therapy.
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Fig. 1. Proposed mechanisms of neutralizing antibodies prevent attachment of SARS-CoV2 to ACE2 receptor, and thus inhibiting viral entry into the cell.
Furthermore, Ag-Ab complexes consisting of viral antigens and anti-viral sub-neutralizing antibodies can activate Fcy receptors on innate immune cells (e.g. mac-
rophages) in the lung, triggering an exaggerated inflammatory response and causing antibody dependent enhancement (ADE). Additionally, a proposed mechanism
whereby IVIG applies anti-inflammatory action causes saturation of Fcy receptor binding, anti-idiotypic binding to anti-viral antibodies, and binding of proin-

flammatory cytokines.

Remarkably, both agammaglobulinemia patients had insignificant
illness for petite duration. Out of five, four patients required machine-
driven aeriation and one demised. It has been seen that COVID pa-
tients were observed to have more comorbidities. Alternately, SARS-
COV-2 illness is typically linked with more unadorned immune defi-
ciency as compared to X-linked agammaglobulinemia and variable B
and T cell flaws, signifying a vital role for cellular immunity against
SARS-COV-2.

There exist a case studies on IVIG treatment for three SARS-COV-2
patients in China. The patients taken into consideration were suffering
from severe infection, having lymphopenia with raised levels of in-
flammatory markers. All the patients were given 0.3-0.4 g/kg/day of
IVIG for 5 days. They all resulted in regularization of temperature in two
days of treatment, and mitigation of breathing signs within five days.
Perplexing factors incorporates, simultaneous usage of antivirals in two
out of the three patients with steroids in one patient, in addition to the
non-existence of case-matched control patients [107].

2.7. Nocturnal oxygen therapy

As per recent publications and observing the attributes of SARS-COV-
2, it has been found that oxygen enriched environment play havoc with
the viral replication and thus oxygen therapy should be prescribed in
SARS-COV-2 infected patients, independent of hypoxia and can be
effective in thwarting further disease progression. Viruses depend on
host cell resources and metabolism to accomplish their life cycle. For the
purpose of replication, several viruses reprogram the host cell meta-
bolism. For instance, Adenoviral cytomegalovirus, Kaposi’s Sarcoma-
associated herpes virus, Vaccinia virus prevents oxidative phosphory-
lation whereas it induces the process of glycolysis, which offers broad
supply of carbon for production of amino acids along with nucleotides
essential for virus replication [108-111]. Several studies have reported
that vaccinia virus, hepatitis B virus, HIN1 virus can stabilize hypoxia
inducible factor la (HIF-1a) by its degradation at normal oxygen con-
ditions [112]. It is a widely known fact that HIF-1a induces metabolic
transformation to glycolysis from biogenesis. In fact, studies also
disclose that human B19 erythrovirus gene expression and multiplica-
tion of hepatitis C virus can be boosted by hypoxia. The above results

clearly demonstrate that HIF-1a plays an important part in enhancing
viral replication. However, the activity of HIF-1a gets reduced via hy-
droxylating two proline residues within HIF-1a under normoxic condi-
tions [113-115]. No data or evidence is there which proves that
supplemented oxygen is responsible for minimizing HIF-1a expression in
the cells affected by the virus, scholars have documented a substantial
decrease in HIF-1a expression in the kidney subjected to in-vivo hyper-
oxic conditions [116]. As a result, hypothesis states that primary effec-
tive oxygen therapy for SARS-COV-2 patients is anticipated to obstruct
the coronavirus-2 replication process by down-regulating HIF-1a
expression.

Median duration of SARS-COV-2 patients from first sign to dyspnoea
was 5 days [117], approximately associated with a cytokine storm and
lead to injury or failure of many organs. Till now, the mechanism has not
been fully explored but it is predicted that early vigorous replication of
the virus possibly interrupts the immune response and promote the
consequent inflammation. Type 1 interferon is a prime constituent of our
innate immunity. It can activate transcription factors and promote host
cells to confront the viral contamination. But unfortunately, SARS-CoV,
having similarity with SARS-COV-2 is verified to impede production of
IFN-1 in animal models [118]. Therefore, it is of foremost importance
towards grasping mechanism of action of the virus replication to resolve
the response of interferon so as to take effective measures. Investigators
have recently indicated the accumulation of lactate due to glycolysis or
via enhanced levels of Lactate Dehydrogenase (LDH) enzyme may act as
promising mechanism for virus to down-regulate the assembly of
interferon [119]. It is noteworthy that clinical studies have displayed
that high levels of LDH or lactate have been found in a few patients
infected with the virus, specifically the ones with poor prognosis [120].
As per the clinical data from SARS-COV-2 infected patients in Wuhan,
China, LDH increased by 29/40 (73%), ICU care12/13 (92%) and ICU
care 17/27 (63%) [121]. Therefore, inhibition of glycolysis and lactate
reduction production is expected to initiate the antiviral immunity in the
first phase of viral infection. As described above, oxygen may influence
the functioning of HIF-1o and minimize glycolysis. Furthermore, oxygen
may also turn down the deposition of lactate by speeding its deteriora-
tion. Thus, early effective oxygen therapy for SARS-COV-2 patients is
anticipated to be helpful for the release of interferon and the stimulation
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of antiviral immune response. The cytotoxic T cells and Natural Killer
cells (NK) are a vital element of our immunity. They are supposed to
exert its key role in antiviral community. The level of immune cells in-
side body fluid of most infected patients with SARS-COV-2 has been
reduced. Not long ago, medical scientists found that peripheral blood
lymphocyte subset in SARS-COV-2 patients also found that the depletion
in CD8 + T, CD4 + T, and NK cells was 68.3%, 60.16%, and 36.59%
correspondingly, which tremendously weakens the immune system
[122]. In order to deal with early SARS-COV-2, till date, no distinct
master plan has been recommended to meliorate the body’s immune
system. Around the same period, the preventive influence of oxygen
treatment in extreme conditions has contributed to the effects of oxygen
on the immune system. It is also tempting to believe that ample oxygen
will boost the antiviral potential in patients with early SARS-COV-2
infection by amplifying the abundance and functionality of immune
cells.

Studies on SARS-CoV may also help to explain SARS-COV-2. Analysis
also shows that SARS-CoV genome was located in heart of 35% (7 of 20)
of patients, suggesting heart attack was related with previous deaths
[123]. Studies on renal functions of patients with SARS-COV-2 virus also
explored that acute renal damage fostered by SARS-CoV was associated
with peaked mortality rates [124]. Additionally, the collected clinical
data suggest that rate of renal damage is unarguably greater in patients
with SARS-COV-2 as compared with SARS-CoV [125]. Such several lines
of proof suggest that SARS-COV-2 is capable of infecting the heart and
lungs with ACE-2 and can inflict significant harm in patients. Mini-
mizing the manifestation of ACE-2 in organs at the initial phase of
infection with SARS-COV-2 is therefore required for prevention of virus
invasion. Studies have shown that ACE-2 transcription is enhanced due
to hypoxia, by up-regulating SIRT1 expression on Huh cells which in-
creases ACE-2 expression in a HIF-1a dependent manner on CD 34" cells
[126,127]. Hypoxia was also shown to increase expression of ACE-2
inside pulmonary vascular smooth muscle cells. Therefore, administra-
tion of hypoxia is also likely to postpone the development of SARS-COV-
2 in the early stages. Oxygen abundance can elevate the partial pressure
of Oy in arterial blood by increasing Oy pressure and boost tissue
oxygenation which is known to boost myocardial ischemic functioning
[128,129]. Thus, early effective oxygen treatment in SARS-COV-2 pa-
tients can counteract the rapid annexation of virus.

As the cytokine storm is presently esteemed to be a major reason of
the most important SARS-COV-2 explosion, initial steps must be occu-
pied to prevent or minimize unrestricted secretion of inflammatory
cytokine. Production of cytokines in the sapiens blood indicates the
diurnal rhythmicity. Pro-inflammatory cytokines production (mainly
TNF-a, IL-1, IFN-y, and IL-12) occurs higher at night and in the early
morning when plasma cortisol is very low [130]. A successive research
during a human in-vivo trial has shown that whole blood stimulation
demonstrated elevated cytokine and chemokine levels at night and early
in the morning in a healthy volunteer [131]. Consequently, the elimi-
nation of nocturnal pathogen, replication is anticipated to disrupt the
synthesis of inflammatory factors. Whether viral proliferation is asso-
ciated with time-of-day, particularly once virus infects host cell, addi-
tional investigation is still required here [132,133]. In accordance with
the mentioned studies, it can be hypothesized that nocturnal oxygen
therapy could prolong the progression of SARS-COV-2 disease. Since it is
not a new concept, it is safe, reliable and user friendly in clinical
practice.

2.8. Mesenchymal Stem cell therapy

With the growing demand for the key to this unsolved mystery of
SARS-COV-2 pandemic, innumerable researches, clinical trials are con-
ducted in the laboratories worldwide, countless literatures are being
published yet neither any pharmacological approach nor any therapy-
based treatment procedure has been able to address the crisis. In
recent times, stem cell therapy has established itself as one of the most
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effective and promising treatment strategies for diseases that were
earlier esteemed to be incurable [25]. One such emerging therapy ex-
pected to show results is Mesenchymal Stem cell Therapy. Mesenchymal
stromal cells (MSC’s) have potential utility in a range of cellular thera-
pies with application related to tissue engineering, immunomodulation
and vehicle for gene therapy. Based on the capability of stem cell to
show resistance to tissue damage, immunomodulatory effect along with
promoting tissue repair, dedicated researchers worldwide have begun to
consider its benefits in the treatment of SARS-COV-2 pneumonia [134].
The robust anti-inflammatory activity produced by the mesenchymal
stem cells, forms the basis for the mechanism of action in treating SARS-
COV-2 patients [135]. Immunomodulatory activity and proliferation
ability of MSC paves the way for SARS-COV-2 treatment [136]. MSCs
can take the edge off SARS-COV-2 induced cytokine storm by reducing
the production of proinflammatory cytokines. Moreover, by increasing
the production of anti-inflammatory cytokine IL-10, MSCs efficiently
inhibits influx and accumulation of neutrophils into lungs and further
reduces the secretion of TNF-a [137]. Mesenchymal Stem cell curtails
injury and increases matrix metalloprotein (MMP)-9, IL-1 RA,
Granulocyte-Macrophage Colony Stimulating factor (GM-CSF), etc to
promote the repair and multiplication of alveolar epithelial cells
through its own secretion Keratinocyte Growth Factor (KGF) as shown in
Fig. 2. [138]. Besides MSCs, Hepatocyte Growth Factor (HGF) as well as
Vascular Endothelial Growth Factor (VEGF) synergistically stabilizes
endothelial barrier function by restoring the permeability of pulmonary
capillaries [139]. MSCs provides protection to endothelial layer of the
lungs and controls inflammation by limiting apoptosis of pulmonary
vascular endothelial cell and lowering proinflammatory factors [140].
With lungs being the prime target of coronavirus infection, MSCs in
serum are primarily concentrated near the lungs where they secrete
signalling molecules known as Paracrine factors. The Paracrine factors
plays major role in revitalizing and safeguarding alveolar epithelial cells
thwarting fibrosis and ameliorating the lung function. All these clinical
changes made by MSC therapy indicates itself to be an effective
approach for SARS-COV-2 cure and are depicted through Fig. 3 [141].

Liang and co-workers [142], first experimented the administration of
MSC therapy in a 65-year-old critically ill female patient. Prior to
infusion, laboratory test results indicated an atypical level of neutro-
phils, lymphocytes, and white blood cells in the peripheral blood for
which patient received glucocorticoid and antiviral therapy. The
ongoing treatments were also able to lower body temperature and the
patient suffered no shortness of breath. By day 11, revaluated physical
condition of the patient revealed that she was diagnosed with Acute
Respiratory Distress with multiple organ injury, immunosuppression,
moderate anaemia, hypertension, electrolyte disturbance, gastrointes-
tinal bleeding and several other critical symptoms. All the existing
treatments were withdrawn and the patients received three infusions of
human umbilical cord mesenchymal stem cells (h(UCMSCs) at an interval
of 3 days. The first infusion did not show any unfavourable effect as-
suring that the cells were well tolerated. 24 hours late the second
administration, vital signs of the patient were seen to be stabilized with
levels of C-reactive protein (CRP), alanine transaminase (ALT), aspartate
transaminase (AST) and serum bilirubin back to normal. Further, the
levels of white blood cells, neutrophils, lymphocytes, CD3 + T cells,
CD4 + T cells and CD8 + T cells were brought to normal. The throat
swab test of patient reported negative after 2 days of the third infusion.
Pre and post administration CT scans indicated complete recovery of
pneumonia and the patient was discharged on 30th day. In another pilot
study of intravenous MSC transplantation conducted with 7 RT-PCR
confirmed SARS-COV-2 patients with different severity by Leng and
his colleagues [143] in Beijing You an Hospital, China. This showed
remarkable outcomes in mitigating the symptoms of viral infection.
Additionally, three more severely affected patients were matriculated
for placebo control. Before, IV infusion, all the patients exhibited clinical
signs of high fever, shortness of breath, low oxygen saturation and
weakness. The patients were administered with 1 x 10° clinical grade
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Fig. 2. The Mechanism of action of Mesenchymal Stem Cell infusion against SARS-COV-2 induced Pneumonitis. On contamination with the virus, the capillary
endothelial and the epithelial cells get infected, resulting in inflammatory signalling, cell injury and secretion of chemokines and cytokines. The inflammatory
atmosphere triggers the activation of local macrophages, endothelial and dendritic cells. The condition further leads to the secretion of soluble factors and foster the
relocation of circulating granulocytes, lymphocytes and the monocytes. The pathological changes results in a feed forward control process marked by tissue damage,
inflammation and organ dysfunction. Through paracrine pathways and contact-dependent, MSCs can be bought in use to withstand the inflammation associated with
Corona virus 2 disease.
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Fig. 3. Target for MSCs in SARS-COV-2 pneumonia. The SARS-COV-2 pneumonia induced ARDS leads to several changes in the pathological conditions contributing
much towards the risk of mortality. The MSC based Therapy holds the potential to normalise these unfavourable conditions and thereby proving it as a promising
therapeutic option in combating SARS-COV-2 pneumonia.

human MSCs per kilogram body weight. Results showed that all symp- immune cells CXCR3 + CXCR3 + NK cells, CD4 + cells, and CD8 + cells,

toms had disappeared by 2-4 days of transplantation. The oxygen CXCR3 + embedded in a week. No adverse reactions, secondary in-
saturation level at rest rose to > 95% along with cytokine secreting fections or hypersensitivity were witnessed during and after the
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treatment. However, this was not the case with the three patients under
placebo control. Only one of them showed improvement, other
demonstrated symptoms of ARDS and third patient succumbed to the
infection. Additionally, with the help of single-cell transcriptome anal-
ysis, authors also expressed the absence of TMPRSS2 in the MSC, which
aids the viral entry into the host, thus suggesting it to be an immune to
Coronavirus2 disease. Within the time period of February 20th 2020 to
March 30th 2020, Chen et al. [144] carried out a retrospective analysis
with 25 subjects to examine the efficacy and the ill effects associated
with MSC therapy on severely affected patients. 80% (20 patients) of the
group were male and 20% (5 patients) were female. The criteria of
enrolment included patients with oxygen saturation level <93% in
resting phase, respiratory distress, RR > 30 beats/min and PaO2/ FiO2
ratio <300 mmHg. All the patients received a dose of 1 x 10° mono-
nuclear cells per kilogram of weight of clinical grade MSCs. Intramus-
cular injection of Promethazine Hydrochloride was given as
precautionary measure against secondary allergy. 7 out of 25 cases
received MSC transplantation once. While at an interval of 5 days,
another 7 cases received therapy twice and the remaining 11 cases

International Immunopharmacology 90 (2021) 107156

received thrice. 64% of the cohort showed improvement in the CT scan
and all the cases achieved betterment in clinical signs paving the way
towards recovery phase. However, certain side effects associated with
the treatment particularly cardiac failure, liver dysfunction and allergic
rashes were observed in 3 patients. The results of this study demon-
strated no significant change in the inflammatory indexes, IgG and IgM.
However, a notable elevation in the serum levels of Lactate (LAC),
Cardiac Troponin T (cTnT), and Creatine Kinase-MB (CK-MB) was wit-
nessed with no clear rationale to this change. Chen and his colleagues
suggested the utilisation of MSC therapy as promising approach but with
cautions in patients with coronary heart disease and metabolic acidosis.

As of August 12, 2020, about 50 clinical studies for examining the
efficacy of mesenchymal stem cell therapy in SARS-CoV-2 treatment
have been registered under clinicaltrials.gov some of which are
mentioned under Table 5. Recently, in the United States, FDA has
approved Stem Cell Therapy as treatment of choice for SARS-COV-2
[145]. Although, several studies have reported the safety and efficacy
of Mesenchymal Stem Cell Therapy in combating SARS-COV-2 induced
inflammatory storm yet no complete evidence of the therapy as

Table 5
A few ongoing Clinical trials for Mesenchymal Stem Cell Therapy registered in clinicaltrials.gov.

Clinicaltrials. Title Status Study Estimated Primary outcome Estimated Study

gov identifier Design Enrolment Completion location

date

NCT04461925 Treatment of Coronavirus COVID-19 Recruiting Phase 30 Oxygenation Index, Changes in December, Ukraine
Pneumonia (Pathogen SARS-CoV-2) I/l hospital stay duration, Changes in 2021
with Cryopreserved Allogeneic Mortality rate
P_MMSCs and UC-MMSCs

NCT04313322 Treatment for COVID-19 patients using ~ Recruiting Phase I 5 Improvement in clinical symptoms, September 30, Jordan
Wharton’s Jelly Mesenchymal Stem Side effects measured with CT scan, 2020
Cells RT-PCR results, turning negative (time

frame: 3 weeks)

NCT04457609 Administration of Allogenic UC-MSCs Recruiting Phase I 40 Presence of dyspnoea, Presence of September, Indonesia
as Adjuvant Therapy for critically ill sputum, fever, Blood pressure, 2020
COVID-19 Patients ventilation status, Heart rate,

respiratory rate improvement, Oxygen
saturation

NCT04447833 Mesenchymal Stoma cell therapy for Recruiting Phase I 9 Treatment related adverse events of June 30, 2025 Sweden
treatment of Acute respiratory distress interest
syndrome

NCT04366271 Clinical Trial of Allogenic Recruiting PhaseIl 106 Mortality due to lung involvement due ~ May 31, 2021 Spain
Mesenchymal cells from umbilical to SARS-CoV-2 virus infection at 28
cord tissue in patients with COVID-19 days of treatment.

NCT04252118 Mesenchymal Stem Cell Treatment for ~ Recruiting Phase I 20 Evaluation of pneumonia December China
Pneumonia Patients infected with improvement, Number of patients with 2021
COVID-19 treatment related adverse events as

assessed by CTCAE v4.0

NCT04366063 Mesenchymal Stem Cell therapy for Recruiting Phase 60 Adverse events assessment, Blood December 10, Iran
SARS-CoV-2 related Acute Respiratory 11/111 Oxygen Saturation 2020
Distress Syndrome

NCT04371601 Safety and Effectiveness of Active, Not Early 60 Changes of oxygenation index (PaOy/ December 31, China
Mesenchymal Stem Cells in the recruiting Phase I FiO,), Blood gas test 2022
treatment of pneumonia of
coronavirus disease 2019

NCT04390152 Safety and Efficacy of Intravenous Not yet Phase 40 Intergroup mortality difference with July, 2021 Colombia
Wharton’s jelly Derived Mesenchymal — Recruiting /11 treatment.

Stem Cells in Acute Respiratory
Distress Syndrome

NCT04416139 Mesenchymal Stem Cell for Acute Recruiting PhaseIl 10 Pa02/FiO2 ratio changes, Clinical May 1, 2021 Mexico
Respiratory Distress Syndrome due to Cardiac changes, Respiratory rate
COVID-19 changes, Changes in body temperature

NCT04333368 Cell Therapy using Umbilical Cord- Recruiting Phase 40 Respiratory efficacy evaluated by the July 31, 2021 France
derived Mesenchymal Stromal Cells in I/ increase in Pao2/FiO2 ratio from
SARS-CoV-2 relates ARDS baseline to day 7 in the experimental

group compared with placebo group.

NCT04490486 Umbilical Cord Tissue (UC) Derived Not yet Phase I 21 Percent of participants with treatment  June 1, 2024 United
Mesenchymal stem cells (MSCs) versus  recruiting related Serious Adverse events (SAE) States
placebo to treat Acute Pulmonary
inflammation due to COVID-19

NCT04302519 Novel Coronavirus Induced Severe Not yet Early 24 Disappear time of ground glass shadow  July 30, 2021 China
Pneumonia Treated by dental Pulp recruiting Phase I in the lungs

Mesenchymal Stem Cells
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successful approach is available. Further, several confusions with the
source of MSC, doses to be delivered, route of administration still per-
sists which are to be explored prior to its complete approval.

2.9. Advanced radiotherapy

Radiotherapy, as a cancer treatment has been in use for over a cen-
tury. The therapy has successfully presented outstanding outcomes in
healing the silent killer disease. Radiotherapy is a treatment procedure
based on the application of radioactive agents or ionising radiation en-
ergies to destroy the cancer cells and to put an end to the growth and
proliferation of tumoral cells [146]. In view of the current deadly
pandemic, Radiotherapy has also been sought as a therapeutic tool to
halt the complications associated with the disease. Upon the exposure to
the coronavirus, two distinct yet overlapping pathological subsets seems
to appear, initially triggered by the virus itself followed by the host
response. During the second stage, patients generally establish lung
disorders developing viral pneumonia accompanied by hypoxia, cough
and fever. The Chest Radiograph images or the Computed Tomography
displays ground glass opacities with bilateral infiltrates. The necessity of
medical aid in majority of SARS-COV-2 patients arise at this stage [147].
Pneumonia tends to be a severe complication that follows the onset of
the infection followed by Cytokine Storm Syndrome, with minority of
patients leading to Acute Respiratory Distress Syndrome (ARDS)
resulting in death owing to respiratory failure [148]. Pneumonia has
long been a serious threat to the global health. Prior to 1939, Serum
Therapy was the principal cure for pneumonia. However, in 1930s
radiotherapy came into light as a potential therapeutic option for the
illness. Calabrese and co-workers [149] demonstrated the utilisation of
Low Dose Radiotherapy (LD-RT) to treat pneumonia back in 20th cen-
tury. The authors reviewed and presented a report of 15 studies on
around 700 patients suffering from bacterial, interstitial, atypical and
sulphanilamide-resistant pneumonia treated with LD-RT. They reported
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that an average of 30% to 10% decrease in the pneumonia mortality rate
was observed when low dose radiation therapy was provided. By the
beginning of the second decade of the 20th century, radiotherapy was
widely accepted by the radiological community with significant
achievement in healing severe diseases like carbuncles [150], sinusitis
[151], arthritis [152], etc. SARS-COV-2 pneumonia poses a major threat
on the survival rate of the affected patients especially for the ones falling
in the high-risk categories (geriatric patients, hypertension, cardiovas-
cular complications, diabetes and elevated levels of inflammatory Dimer
D/ Ferritin) [153]. Cytokine storm plays a significant role in the critical
cases of SARS-COV-2 pneumonia. Suppressing the cytokine storm by
inhibiting or neutralising IL-6 and IL-1 is a key factor for reducing the
lethality of the infection [154]. On the basis of several clinical accom-
plishments in the past, and given current insufficiencies in treatment for
the disease, scientific scholars have undoubtedly initiated an explor-
atory attempt of assigning LD-RT to treat SARS-COV-2 pneumonia. Low
Dose Radiotherapy (0.5 Gy) is a non-toxic, cost effective, evidence based
anti-inflammatory therapeutic tool that could improve the respiratory
complications and normalise the immunity cascade in the patients
suffering from SARS-CVO-2 pneumonia. The therapy emerges as a better
alternative for patients who are sensitive to common anti-inflammatory
treatments [155]. Usually doses greater 200 cGy exerts pro-
inflammatory response however, recent studies have evinced that low
doses less than 100 cGy are able to provoke anti-inflammatory effects
[156,157]. Calabrese et al. [158] proposed that LD-RT induces polari-
zation of macrophages into a M-2 anti-inflammatory phenotype. As
shown in Fig. 4, the anti-inflammatory phenotype initiates the
obstruction of leukocyte-endothelial cell interaction, reduces the endo-
thelial adhesion molecule production, lowers the inflammatory media-
tors and also decreases the expression of pro-inflammatory cytokines
[148]. Moreover, by inducing polynuclear apoptosis, secreting anti-
inflammatory cytokine TGF-p1, reducing the applications of macro-
phages and through several other mechanisms, LD-RT potentially
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Fig. 4. Mechanism of action of Low Dose Radiotherapy (LD-RT) in combating the COVID-19 related Cytokine Storm. (1) LD-RT causes the polarization of macro-
phages to anti-inflammatory phenotype M2 macrophage. (2) The phenotype inhibits the inflammatory mediators (3) obstructs the leucocyte-endothelial cell
interaction, (4) decreases the production of Endothelial Adhesion molecules (L and E selectins) and (5) hinders the expression of proinflammatory cytokines (TGF-a,
TNFa, IL-B1, IL-6). Further (6) by promoting the secretion of anti-inflammatory factor TGF-B1 LD-RT successfully (7) lowers the levels of Nitrogen oxide (NO),

reactive oxygen species (ROS) and inducible nitric oxide synthetase (iNOS).
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reduces the elevated levels of Nitric Oxide (NO), decreases the inducible
nitric oxide synthetase (iNOS), L and E selectins, lowers the Tumour
Growth Factor- alpha (TGFa), TNF-a or IL-B1 secretions, and decreases
the levels of Reactive Oxygen Species (ROS) [159,160]. Based on all of
these changes, LD-RT treatment (30-100 cGy) to the lungs of SARS-COV
2 patients could taper off the pneumonia associated inflammation by
creating an anti-inflammatory environment and also lessen the proba-
bility of death [161]. Thus, the therapy might be a treatment of choice
for palliating the infection. At present there are 14 clinical trials regis-
tered for Low dose radiotherapy under clinicaltrials.gov. With the key
objective of assessing the duration for clinical recovery in reliance to
reduction in the requirement for supplementary oxygenation in SARS-
COV-2 patients, Emory University has started the randomized Phase 3
clinical trials for Low Dose Radiation therapy with a total of 52 partic-
ipants. The study design includes two arms with Arm 1 receiving sup-
portive care plus the treatment of choice by the physician while the arm
2 will receive the best supportive care along with low dose RT. The
completion date is estimated to be 30 May, 2022 (NCT04433949).
Recently, on September 1, 2020, the Instituto Mexicano del Seguro So-
cial has registered for a trial (NCT04534790) to evaluate the clinical
improvements upon treatment with low dose RT. The study will include
30 participants divided into two groups viz., control group (will not
receive radiotherapy) and the experimental group (shall receive radio-
therapy 1 Gy to Whole lung). The responsible authority promises to
complete approximately by April 5, 2021 [30]. Even though, radiation
therapy has showed successful results in the past and is expected to
provide similar outcomes at present, yet employing radiotherapy in non-
cancer diagnosis poses a risk of secondary malignancy [162]. Dhawan
et al. recommended that RT should be considered as treatment only for
severe patients under critical stage (for whom other options are inef-
fective) and not for all patients. Thus, cautious use of radiotherapy
should be implemented if approved as a cure for SARS-COV-2 pandemic
[160]. Hopefully, the researchers will find an answer to this pandemic,
overcoming all the limitations in the medical treatments evaluated so
far, retrieving the global health system and gaining normalcy in the
entire globe.

3. Conclusion

In the era of SARS-COV-2, the livelihoods of people are at a stake. No
matter various therapies are assigned to combat this devastating situa-
tion yet more and more findings are required to meet the global demand.
With numerous publications, research ideas and pre-existing drugs the
clinical representatives have so far managed to reduce the intensity of
the situation. At present there are more than 100 s of pharmacological
drugs and therapy-based treatments undergoing clinical trials. Hope-
fully, the world will soon be gifted with a solution to terminate this novel
coronavirus 2019 disease and a chance to restore the global health.
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