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From the Editor’s Desk . . . . &2

Dear Readers,

Currently, the whole world is struggling to contain and overcome the COVID-19
_pandemic. With no definitive and proven treatment options, the challenges have
doubled. The literature on COVID-19 is evolving day by day. In view to provide
a bricef overview of the same, we have dedicated this issue to treatment and safety
updates regarding the same.

Our two review articles will provide readers an overview of pharmacotherapeutic
options for the treatment of COVID-19 and developments related to candidate
vaccine for SARs-COV2. For this issue instead of a case report, we have incorporated
the highlights of the WHO report of descriptive analysis of COVID -19-related
spontancous from VigiBase. We have also included new drug approvals, safety alerts
related to these drugs and interesting puzzles and crosswords based on COVID-19.

Finally, I would like to thank all the clinical departments from our institute for
their valued contribution to Pharmacovigilance and to the authors for contributing.
With immense pride and privilege, T would also (ike to thank all the members of the
Department of Pharmacology for their efforts in bringing out the current issue of
this publication.

Thank you,

Dr. Sudhir Pawar
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PHARMACOTHERAPY OF COVID-19

Dr. Vidisha Parulekar*, Dr. Giridhar**

*Speciality Medical Officer, ** First year Resident
Department of Pharmacology, LTMMC & GH, Sion, Mumbai

Abstract

The coronavirus disease 2019 (COVID-19) pandemic, caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), continues to spread globally despite
unprecedented social isolation and restrictions resulting in widespread economic
decline. To date, no treatments have been definitively shown to be effective; however, a
multipronged approach to mitigate transmission, morbidity, and mortality is ongoing.
With the rapid transmission of disease, even the off-label use of available therapies has
been impeded by limited availability. Several antivirals, antimalarials, and biologics

are being considered for treatment at this time.

Keywords:

Antivirals, Remdesivir, Favipiravir, immunomodulators

Introduction

Since the first case of Covid-19 was discovered in China in December 2019, currently 96,052,536
infected cases have been reported across the globe [1]. Though being predominantly a mild disease,
1-2% of the population is known to face its severity [1]. Hence, attempts are needed towards
therapeutic advancements to tackle these subsets of patients. In this review, we will be covering
drugs currently being used in the treatment of COVID-19 excluding nutritional supplements and

drugs under evaluation.

1. Antivirals

Antivirals are agents proposed to eradicate the coronavirus or at least reduce the effects and hinder
the contagion of the SARS-CoV-2. Many groups such as protease inhibitors, broad-spectrum
antivirals, RNA-dependent RNA polymerase inhibitors, nucleoside and neuramidase inhibitors,
and polymerase acid endonuclease inhibitors are some of the group of drugs that have been tried
in COVID treatment.
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Protease inhibitors™?

The host cell protease activates the envelop glycoprotein and thus enters the viral cell. Protease
inhibitors such as Lopinavir, Ritonavir, Darunavir, Danoprevir and the experimental drug ASC-
09 have known to be exceptional targets for patients having COVID-19 symptoms. Among these
agents, the most common protease inhibitor was Lopinavir/Ritonavir combination, using a dosing
regimen of 400 mg/100 mg Lopinavir/Ritonavir twice daily for up to 14 days which was reported
in 18 published studies. Certain studies have shown to be of some benefit when patients were given
the drug therapy earlier (within 12 days of symptom onset) as they experienced a shorter time to
clinical improvement (HR 1.25; 1.77-2.05 versus 1.30; 0.84-1.99). The studies from real-world
evidence of Darunavir and Danoprevir have been reported from two countries, that is, Germany
and China. Haerter et al (2020) in Germany reported the outcomes of a case series of 33 patients
with COVID who were previously treated for HIV and were on antiretroviral treatment including
Darunavir. The outcomes were such that three patients recovered from COVID and one died in
this course of treatment!®!. Shi et al. (2020) in China reported in their case series on the limited
efficacy of darunavir in terms of reducing duration from illness onset to admission and clinical
symptoms. Zhang et al (2020), on analyzing 33 COVID patients (10 mild cases, 22 moderate cases,
and one severe case) concluded that Danoprevir produced superior efficacy to Lopinavir-Ritonavir

combination™l,

Broad-spectrum Antivirals

Umifenovir is a broad-spectrum antiviral licensed in China and Russia for influenza and it inhibits
the fusion of the viral envelope with host cell cytoplasmic membranel®. Few effects in decreasing
the risk of COVID-19 transmission were seen with the drug. It was advised for post-exposure
prophylaxis in a dose of 200 mg orally every 8 h®. In an early pilot study from China, treatment
with Umifenovir was found to reduce SARS-CoV-2 viral loads, with 94% of patients treated
with Umifenovir reported negative SARS-CoV-2 viral load compared to 53% in the control!®.
Nevertheless, the results from two RCTs suggested limited efficacy in treating COVID-19, as the

recovery rates were comparable with control:#!,

RNA-dependent RNA Polymerase (RARP) Inhibitor

. Favipiravir

Favipiravir is an oral pyrazine carboxamide derivative and guanine analog which selectively
inhibits the RNA-dependent RNA polymerase (RARP) of RNA viruses [9]. RARP is required
during the replication process of RNA viruses as it determines the replication rates and mutation

of the virus to adapt to the new host environment, which ultimately influences its fidelity. The

RdRP targeting has become another mainstay in the treatment of SARS-CoV-2. A pilot study was
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conducted in China by Cai et al on 80 patients with COVID-19 who were treated with Favipiravir
with a loading dose of 1600 mg followed by a maintenance dose of 600 mg three times daily for
up to 14 days. After 14 days of treatment, it was concluded that patients treated with Favipiravir
had better treatment outcomes in terms of disease progression and viral clearance compared to

{19 Randomized control trials on Favipiravir had reported

those treated with lopinavir/ritonavir
higher 7-day recovery rates and symptom improvements such as pyrexia and cough!'»'2l, With no
significant adverse events were reported, favipiravir is currently being used in the treatment of mild

to moderate cases of SARS-CoV-2 infection.

. Remdesivir

Remdesivir is another nucleotide analog inhibitor of RARP that have been extensively examined
as a potential anti SARS-CoV-2 medication. One of the first case papers in the United States on
the use of Remdesivir was published by Holshue et al. (2020), which reported improvement in the
patient’s condition after treatment!'*. Proceeding, two RCTs on Remdesivir have been conducted
using a dose of Remdesivir 200 mg on day 1, followed by 100 mg daily for up to 10 days. In the first
RCT of 237 patients with COVID-19, the authors found that patients on Remdesivir had clinical
improvements after 28 days, and they reported faster time to symptom improvement compared
to control'¥. A large multicentric randomized clinical trial reported by Beigel et al. (2020) with
1107 patients from Europe, Asia, and America treated with either Remdesivir or placebo for 10
days found that the median time to recovery was much faster with Remdesivir treatment, with a
significantly higher number of patient who recovered; but, it does not address the adverse effects

and more clinical trials are underway to examine the potential of this drug in SARS-CoV-2!5,

Nucleoside and Neuraminidase Inhibitors

. Oseltamivir

Neuraminidase inhibitors such as Oseltamivir are another class of drugs that were used for the
treatment of SARS-CoV-2. As the viral outbreak of SARS-Cov-2 in China occurred during the
peak influenza season, a huge patient population had received Oseltamivir therapy!'*!¢. Several
randomized clinical trials are currently under evaluation for the effectiveness of Oseltamivir either
alone or as a combination with Chloroquine and Favipiravir. Chiba et al in his study stated that early
Oseltamivir administration may lower the duration of fever in COVID-19-suspected outpatients
without hypoxia when it is used in combination with antibacterial therapy!'”. However, due to its
mechanism of action, there is a limited role of this drug in the management of COVID-19 after the

exclusion of influenza.

. Ribavirin and Azuvudine

Neuroamidase inhibitors ribavirin and Azvudine have been recommended in the initial stages for

patients with SARS-CoV2 infection, given that the symptoms were thought to be due to pneumonia.
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There is currently no evidence to suggest that Ribavirin when used alone offers any benefit in the
management of COVID-19. Hung et al (2020) in a phase 2 trial, showed the effect of the combination
therapy of Ribavirin, Lopinavir/Ritonavir and interferon beta-1b to have some beneficial results,
and more studies are needed to further confirm and conclude. However, as Ribavirin causes dose-
dependent hematological toxicity, and is a known teratogen there is the limited value of this drug
in the treatment of COVID-190!#8],

Polymerase Acidic Endonuclease Inhibitor

The only drug in this class examined was BaloxavirMarboxil. This drug targets the viral polymerase
acidic protein to block the endonuclease function, resulting in the inhibition of virus mRNA
transcription and infection!'> 2. In an exploratory RCT by Lou et al (2020), COVID-19 confirmed
cases were randomized (1:1:1) to either receive Favipiravir for 14 days or BaloxavirMarboxil (80
mg once a day orally on Day 1 and Day 4) or control group. They concluded that adding either
Baloxavir or Favipiravir under the trial dosages to the existing standard treatment was beneficial in
COVID-19 patients!?!,

I1. Corticosteroids

High-dose glucocorticoid (GC) therapy was suggested in the treatment of severe Covid cases with
pneumonia and also with moderate to severe respiratory insufficiency®. Some animal studies have
contributed to generate evidence for the use of glucocorticoids during the acute phase of severe
disease to (i) reduce inflammation, (ii) attenuate acute lung injury, and (iii) improve survival'?*,
A recent meta-analysis by Medhuri et al has evaluated prolonged Methylprednisolone therapy for
ARDS and concluded a significant reduction in mortality, with an increase in ventilator-free days

(13 vs. 7, p <0.001) by lowering the circulatory levels of proinflammatory mediators!*!.

Huang et al, in their study, suggested that a subset of patients with severe COVID-19 may have
cytokine storm syndrome!®, which is a condition frequently related to lung involvement and
multi-organ failure. Therefore, systemic GC administration is empirically indicated for severe
complications in order to suppress cytokine storm syndrome manifestations like ARDS, acute
heart injuries, acute kidney complications, and higher D-dimer levels?*. This was also supported
by Villar et al. who showed that the use of dexamethasone was associated with better survival in
ARDSP3,

However, GC has no role in mild disease. A study by Ling Y et al in Covid convalescent patients
reported that there was no difference in 90-days mortality with GC therapy, and these patients
were associated with delayed viral clearance and hence it was not recommended in mild disease
[26]. Veronese et al also reported that the duration of viral RNA in oropharyngeal swabs and feces

doubled in the corticosteroids group compared to controls”.
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Ideally, glucocorticoids should be used in a lower dose and for a short duration (methylprednisolone,
<1 mg/kg body weight, no more than 7 days), along with adverse drug reaction monitoring. In
addition, a long-term follow-up (6 months to 3 years) is essential to identify delayed adverse effects
in these patients?®!. Excessive cumulative dose or dose > 240mg hydrocortisone-equivalent, causes
side effects, including hyperglycemia, psychosis, secondary infection, and vascular necrosis®.
Moreover, adequate and prolonged glucocorticoid supplementation has proved to mitigate the
Critical Illness Related Corticosteroid Insufficiency (CIRCI), thus enhancing the resolution of lung

and systemic inflammation >,

II1. Interferons

Interferon-alpha & beta treatment is found to significantly reduce the duration of detectable virus in
the upper respiratory tract and reduced the duration of elevated blood levels for the inflammatory
markers, IL-6, and CRP in confirmed COVID casesP”. The dose given was 5 mU twice a day by

nebulizer for 10 days?*®.

IFN-beta increases CD73 in pulmonary capillaries, which is responsible for providing vascular
integrity under hypoxic conditions. Hence, the administration of intravenous IFN-beta is
recommended in severe COVID cases with ARDS. 1t is also advised in critically ill patients with

compromised peripheral circulation®!.

IV. Immunomodulators

In the latter phase of convalescence, hospitalized patients with COVID-19 can develop a
syndrome of dysregulated and systemic immune overactivation described as a cytokine storm or
hyperinflammatory syndrome that worsens acute respiratory distress syndrome and can lead to
multisystem organ failure. Therapeutic agents targeting the immune interaction between SARS-

CoV-2 with the inflammatory system®2.

Anti-Interleukin Receptor Monoclonal Antibody

. Tocilizumab

It has been recommended in patients with moderate disease with progressively increasing oxygen
requirements and mechanically ventilated patients not improving despite the use of steroids and
in patients having elevated level of inflammatory markers (e.g., CRP, Ferritin, IL-6) by Clinical
Management Protocol: Covid-19 (version 3), Ministry of Health and Family Welfare, Indial**!. A
retrospective analysis of 20 severe cases of COVID-10 showed that treatment with Tocilizumab
led to a reduction in fever and lung lesion opacity, and recovered the percentage of lymphocytes in
peripheral blood®**. It is given in the dose of 8mg/kg (maximum 800 mg at a time) slowly in 100
ml NS over 1 hour OD/BDP?,
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. Sarilumab

Another interleukin-6 inhibitor, Sarilumab is under evaluation. The efficacy and safety of Sarilumab
400 mg IV and sarilumab 200 mg IV versus placebo was evaluated in patients hospitalized with
COVID-19 in an adaptive Phase 2 and 3, randomized (2:2:1), double-blind, placebo-controlled trial

and noted a reduction in levels of CRP in critically ill patients>.

Anti-Interleukin-6 Antibody

. Siltuximab

Siltuximab prevents the binding of IL-6 to both soluble and membrane-bound IL-6 receptors,
inhibiting IL-6 signaling [36]. Siltuximab is dosed as an IV infusion. In a study by Gritti et al
(n=21), siltuximab administered intravenously at a dose of 11 mg/kg/day over 1 hour, and the
decision of the administration of second dose of Situximab was given 2-3 days apart based on
physician’s acumen’®”). They found that serum CRP and inflammatory markers were within normal
range between the 5th-7th day of treatment, in patients requiring ventilatory support; clinical

recovery also correlated®”.

. Itolizumab

Itolizumab is a first class humanized IgG1 monoclonal antibody developed by Biocon and the
Center of Molecular Immunology, Havana. It is DCGI approved based on positive data from a
RCT conducted in several hospitals of Mumbai and Delhi. The mechanism of Itolizumab is it
selectively targets the CD6, a T-cell marker involved in stimulation, maturation, and adhesion of T
cells. Its likely mechanism in COVID is binding to CD6 causing downregulation of T lymphocyte
cells activation, causing a reduction in synthesis of pro-inflammatory cytokines thus reducing
the role of T cell infiltration at the site of inflammation.It is mainly used for the treatment of
chronic plaque psoriasis. In COVID 19 crisis this drug came to use for its suppression of pro-
inflammatory properties and is said to be the first new biological therapy approved globally for
COVID 19 complications. Dosage approved is 25 mg/5ml injection solution to treat cytokines
release syndrome (CRS) aka ‘Cytokine storm’ and in moderate to severe acute respiratory distress
syndrome patients of COVID 19.

V. Anti-Microbial Agents

Chenetal.B¥reported that 15% of COVID-19 patients received antifungal treatmentand 71%received
antibiotic treatment, 25% of whom were treated with a single antibiotic, and 45% with combination
therapy. The antibiotics used were Cephalosporins, Quinolones, Carbapenems, Tigecycline, and

Linezolid. Wang et al. explained that many sick patients received antibacterial therapy, such as
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Moxifloxacin (64%), Ceftriaxone (25%), and Azithromycin (18%)5%. Other antibiotics proposed
for the treatment of COVID-19 disease are Azithromycin, Quercetin, Rapamycin and Doxycycline
40411 However, the combination of hydroxychloroquine and azithromycin appeared to be even
more effective in COVID-19 treatment. Azithromycin also inhibits the replication of other viruses,
such as Zika and Ebola. Azithromycin, Doxycycline, and Rapamycin are antibiotic drugs that
inhibit protein synthesis and functionally reduce inflammation and viral replication. So, inhibiting
virus production should help to clinically reduce virus transmission to other patients*!. The current
ministry of health guidelines has mentioned the use of the Ivermectin-Doxycycline combination
for mild to moderate COVID-19 cases®*!. The adult dose of Ivermectin is 12mg daily for 3 days and
that of Doxycycline is 100mg BD for 5 days!**.

VI. Anticoagulants

While mortality in COVID-19 can be largely attributed to hypoxemia secondary to acute respiratory
distress syndrome (ARDS), there is growing suspicion that thromboembolic events could also be
contributing to the overall picture, as described in the article published by Cui S et all*?. While
the pathophysiology behind the hypercoagulable state in COVID-19 is still under investigation,
several proposed mechanisms have been described. Disseminated intravascular coagulation (DIC),
properties of the virus itself, antiphospholipid syndrome, activation of the complement cascade,

and endothelial dysfunction induced by the infection have been described in the possibilities*44,
Anticoagulation therapy recommendation for COVID-19 patients arel*!:

. The suggested anticoagulation therapy according to the clinical severity of COVID-19,

adjusted based on the thrombotic and bleeding risk of the patients is as follows.

. No anticoagulation: The following patients do not need anticoagulation. Ambulant COVID-19
patients with or without constitutional/respiratory symptoms. Patients with mild or moderate
COVID and high bleeding risk abnormal aPTT or PT need not be a contraindication for
anticoagulation, when necessary. Clinical judgment is advocated and treatment may be

individualized based on the risk and benefit.

. Prophylactic anticoagulation dose: The following patients can be given prophylactic
anticoagulation dose- Hospitalized mild COVID-19, with evidence of lung involvement,
without high bleeding risk. Patients hospitalized with moderate COVID-19 with low VTE
risk and low bleeding risk. Patients with severe COVID-19 with high bleeding risk and low
VTE risk / low ISTH- DIC score.

. Intermediate anticoagulation dose: Following patients can be given intermediate
anticoagulation dose- Hospitalized severe COVID -19 patients with low VTE / low ISTH-
DIC score and low bleeding risk.
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. Therapeutic anticoagulation dose: Following patients can be given therapeutic anticoagulation
dose-
. Patients with documented thrombotic events like DVT, acute pulmonary embolism, device

thrombosis, etc. Patients with high suspicion of thrombotic events, when imaging is not

possible.

. Patients with pre-existing clinical indications for therapeutic anticoagulation like atrial
fibrillation (AF), Prosthetic valves, etc.

. Patients receiving renal replacement therapy (RRT)or those on Extracorporeal membrane
oxygenation (ECMO).

. Patients with severe COVID-19 with low bleeding risk and high-risk features/ high ISTH-
DIC score

Thrombolytic therapy for Pulmonary embolism

Hemodynamically unstable patients should receive reperfusion therapy. Considering the high
likelihood of bleed in COVID-19, it has been recommended to use half dose thrombolytic
therapy and watch for the response, and complete the full course only if the response to half

dose is not good.B”

Mechanical thromboprophylaxis: In patients with definite indications for anticoagulant therapy,
but with contraindications for anticoagulation, methods of mechanical thromboprophylaxis

like pneumatic compression are encouraged.

Conclusion

A large number of studies are being conducted every day since the beginning of the pandemic to
determine the beneficial role of various groups of drugs to combat the COVID 19 disease. As more
and more drugs are explored, the capability of the healthcare system to handle the situation has
improved which is evident from the decrease in the case mortality rate. Further discoveries and the
arrival of vaccination will only add to our understanding of this viral disease and may enable us to

check and control the disease.
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GLOBAL RACE OF VACCINES TARGETING SARS-COV-2
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Abstract

There is an unprecedented need to manufacture and distribute enough safe and effective
vaccines to immunize an extraordinarily large number of individuals to protect the
entire global community from the continued threat of morbidity and mortality from
severe acute respiratory syndrome—coronavirus 2 (SARS-CoV-2). The global need for
a vaccine and the wide geographic diversity of the pandemic requires more than one
effective vaccine approach. The current COVID-19 vaccine pipeline comprises a broad
range of technology platforms, including both traditional and novel approaches. Early
data are emerging for the most advanced clinical candidates, and although encouraging
antibody and T cell responses have been reported for vaccines based on several of the

different platforms being used, it is too early to assess their relative potential.

Keywords: mRNA-based vaccines, viral vector vaccines, S protein.

Background of COVID 19

The coronavirus disease 2019 (COVID-19) pandemic caused by a novel coronavirus, SARS-CoV-2,
has infected more than 4.9 million individuals and resulted in over 300,000 deaths globally. The
rapid spread of the virus and the precipitously increasing numbers of cases necessitate the urgent

development of accurate diagnostic methods, effective treatments, and vaccines [,

Two countermeasures with promise for controlling the current SARS-CoV-2 pandemic are
recombinant neutralizing antibodies and vaccines directed against the virus that causes COVID-19.
Although other measures designed to respond to and control a pandemic such as surveillance,
quarantine, and social distancing work efficiently to flatten the curve at a major cost to the economy,
the development and deployment of effective tests, drugs, and vaccines to protect lives and limit

disease spread are still urgent .. Emergency Use Authorizations (EUA) expedite the availability

2
of drugs to prevent serious or life-threatening diseases or conditions when there are no adequate,
approved, and available alternatives. For many drugs that are already marketed for other conditions,
off-label use can increase access for patients who need them Bl. Vaccine development is the most

effective strategy to prevent and eliminate the infectious disease. By learning from the vaccine
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development path of MERS and SARS, several platforms are being investigated. Since the genetic
sequence of SARS-CoV-2 has been released on 11 January 2020, more than 40 pharmaceutical
companies and academic institutions from many countries have engaged in actively developing
COVID-19 vaccines, and some candidates have entered efficacy evaluation in animals and clinical

trials.

Challenges for vaccine development

The quest for a vaccine against the novel SARS-CoV-2 is recognized as an urgent issue. Effective
vaccination could indeed play a significant role in curbing the spread of the virus and help to
eliminate it from the human population. However, scientific efforts to address this challenge are only
just beginning. Much remains to be learned about the virus, its biological properties, epidemiology,
etc. At this early stage, there is also a lack of information about specific immune responses against

SARS-CoV-2, which presents a challenge for vaccine development ..

Reasons for the lack of commercial and effective vaccines for SARS and MERS are varied. In the
case of MERS, the vaccine development was likely delayed because of the scarcity of suitable
and cost-effective small animal models during pre-clinical experimentation. Besides, probably, a
vaccine has not been delivered because of the low interest in investing in a vaccine for a disease
that has produced relatively low and geographically centralized cases (compared with other more
global and persistent infectious diseases such as influenza, HI'V, and tuberculosis). This last factor
might have also contributed to the lack of a vaccine for SARS, in the sense that it was considered

pointless to continue investing in a vaccine for a disease whose cases ceased to be reported in 2004.

Although no vaccines are commercially available for SARS and MERS, past and current vaccine
development efforts against these diseases might be of high value for the development of an effective
vaccine for COVID-19. The present review aims to describe the possible implications of creating an
effective vaccine against COVID-19 taking as a starting point results obtained from other clinically
relevant coronavirus strains. We focused our review on active immunization approaches as this

offers the possibility of long-term prevention for these diseases.

Vaccine development

Unlike typical vaccine development, which often takes decades, developing a vaccine to prevent
COVID-19 has become a race between humans and the virus. Many countries have accelerated
the process of clinical trials to determine an effective and safe vaccine to prevent COVID-19 and
influence the course of the current pandemic®. Currently, about 250 candidate vaccines against
SARS-CoV-2 are in development worldwide, including mRNA vaccines, replicating or non-
replicating viral vectored vaccines, DNA vaccines, autologous dendritic cell-based vaccine, and

inactive virus vaccines.’!
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Mechanism of action of various vaccine candidates [7]

The most effective licensed vaccines elicit long-term antigen-specific antibody responses by
plasma cells in addition to the development of persisting T cell and B cell memory. In the case of
SARS-CoV-2 infection, both humoral and cellular immune responses are crucial for the clearance
of infection.

- Recombinant virus vectors work similarly to an endogenous pathogen, by expressing axenic
target protein in the cytoplasm of the host cell. After processing of such endogenous antigen,
MHC class 1 molecules present them to CD8+ T lymphocytes, which causes the production
of T-cytotoxic cells. This pathway leads to the establishment of cell-mediated immunity,

which is crucial in getting rid of virus-infected cells.

- Subunit vaccine candidate particularly receptor-binding domain (RBD) of S protein of
SARS-CoV-2 contains major antigenic determinants that can induce neutralizing antibodies.
The SARS-CoV-2 S protein can also induce CD8+ T-cell responses. The RBD of S protein
contains multiple conformation-dependent epitopes and is the main domain that induces
neutralizing antibody and T-cell immune responses against SARS-CoV-2 infection making it

an important target for vaccine development.

- Adenoviral vectors can induce potent antibody as well as T cell responses with variations in
the immune response depending on the serotype employed. Replication-deficient AdS, one
of the most widely used adenoviral vectors, can induce exceptionally potent CD8+ T cell as

well as antibody responses.

- Furthermore, DNA vaccination is also able to elicit both humoral and cellular immune
responses, through activation of CD8+ cytotoxic and CD4+ helper T cells, respectively.
Upon entry in the cell, DNA vaccines are sensed by a variety of innate immune receptors
i.e. STING/TBK1/IRF3 pathways and the AIM2 inflammation and many other factors are

involved in DNA vaccine mode of action

- Another nucleotide-based vaccine i.e. Exogenous mRNA is also immunostimulatory, as it is
recognized by a variety of cell surface, endosomal and cytosolic innate immune receptors.
Mammalian cells can sense foreign RNA via Pattern recognition receptors (PRRs) such as
TLR3, TLR7, and TLRS8 located in the endosomes and RIG-I, MDA-5, and PKR located in the
cytoplasm as well as NLRP3 and NOD. Activation of the PRRs by mRNA vaccines results in
a robust innate immune response including the production of chemokines and cytokines such
as IL-12 and TNF at the inoculation site, which are innate factors crucial for the induction
of an effective adaptive immune response against the encoded antigen. ID immunization
with mRNA vaccines upregulates the expression of chemokines including the CXCR3-
ligands CXCL9, CXCL10, and CXCLI11, that recruit innate immune cells such as DCs and
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macrophages, to the site of injection. The mRNA vaccines can also induce an immunological

repertoire associated with the generation of high magnitude long-lived antibodies

Diversity of technology platforms *°!

A striking feature of the vaccine development landscape for COVID-19 is the range of technology

platforms being evaluated which includes

1)  Nucleic acid vaccines (RNA & DNA)
2)  Protein-based vaccines (Subunit & virus-like particles)
3)  Virus vaccines (live attenuated & inactivated)

4)  Viral vector (replicating & non replicating)

Prime targets for the development of the SARS & MERS vaccine were S protein & its fragments
such as S1, S2, RBD, and N protein hence, it is expected that similar regions of SARS-CoV-2 could

be considered as targets for COVID-19 vaccines.

1)  Nucleic acid vaccines

a) mRNA-based vaccines — Comprise of mRNA that encodes a protein antigen.
Conventional mRNA-based vaccines encode the antigen of interest and contain 50 and
30 untranslated regions, whereas the virally derived, self-amplifying RNAs encode
not only the antigen but also the viral replication machinery that enables intracellular
RNA amplification and abundant protein expression. Recent mRNA vaccine designs
have improved the stability and proteintranslation efficiency for enhancedinnate and
adaptive immunogenicity. Delivery of themRNA vaccine has been optimized by the
use of lipid nanoparticles for intramuscular or intradermal administration. Additionally,
unlike conventional vaccines, which are madefrom either inactivated pathogens or the
small subunit of live pathogens, no infectious virus needs to be handled for mRNA
vaccines. Therefore, testing is relatively safe, efficient, cost-effective, and rapid. Both
Moderna/NIH and CureVac are focusing on mRNA vaccine development, and a safety
clinical trial of Moderna’s candidate vaccine mRNA-1273 with a size of 45 volunteers

was performed in March 2020.
b) DNA vaccines

DNA vaccines, another type of nucleic acid-based vaccine, consist of plasmid-DNA
encoding one or several antigens that will be expressed in host cells. DNA vaccines can
be produced rapidly and at a low cost. However, the need for specific delivery systems to
achieve good immunogenicity and possible genomic integration and persistence in host
cells is a remaining concern. DNA vaccines encoding the S protein of the SARS-CoV

and MERS-CoV have been shown to elicit T cell and neutralizing antibody responses,
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as well as protective immunity in a mouse model and human studies. INO-4800 is a
DNA vaccine candidate targeting the S protein of SARS-CoV-2.

2)  Subunit vaccines

Subunit vaccines based on recombinant S or S1 protein of SARS CoV and MERS-CoV
have been demonstrated to be efficacious in many studies. Clover Biopharmaceuticals is
developing a vaccine consisting of a trimerized SARS-CoV-2 S protein using their patented
Trimer-Tag technology. The receptor-binding domain (RBD) in SARS-CoV-2 S protein was
identified, and it was further demonstrated that SARS-CoV-2 RBD exhibited significantly
higher binding affinity to ACE2 receptor compared to binding between SARS-CoV RBD
and ACE2, suggesting that the RBD-based SARS CoV vaccines have the potential to be
developed for the prevention of SARS-CoV-2 infections. The pulmonary surfactant-
biomimetic nanoparticles used to potentiate heterosubtypic influenza immunity can be used

as an adjuvant to enhance the immunogenicity of SARS-CoV-2 subunit vaccines.
3) Inactivated or live-attenuated virus vaccines

The traditional vaccine strategy included whole inactivated or live-attenuated virus vaccines.
Researchers at the University of Hong Kong have developed a live influenza vaccine that
expresses SARS CoV-2 proteins. Codagenix has developed a “codon deoptimization”
technology to attenuate viruses, and the company is exploring COVID-19 vaccine strategies.
Generation of an inactivated whole-virus (IWV) vaccine is the quickest approach for vaccine
production following a new outbreak. Such vaccines have successfully been developed for
influenza virus and enterovirus 71. IWV vaccines are usually made by exposure of a virulent
virus to chemical or physical agents, e.g., formaldehyde or gamma irradiation, to destroy
infectivity while retaining immunogenicity. The need to use large amounts of antigen to elicit
an adequate antibody response and the possibility of causing Th2-bias hypersensitivity are
major concerns for IWV vaccines. One inactivated vaccine candidate that displayed good
cross-neutralization to different COVID-19 strains has received approval for testing in human

trials.
4)  Virus vector-based vaccines

Viral vector vaccines are also potential tools for vaccine development. These vaccines can
specifically deliver genes to target cells, enhance immunogenicity without an adjuvant,
and induce a robust cytotoxic T cell response to eliminate virus-infected cells. Although
the results of viral vector-based vaccines have been encouraging in animal models, some
obstacles need to be overcome before use in humans. These obstacles include genetic
stability, the ability to evade preexisting immunity, and genotoxicity. Adenovirus serotype

5 (Ad5) is the most widely used vector because this vector can be easily produced and has
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high levels of transgene expression and a broad range of viral tropism.The ability to enhance
mucosal immunity through targeting epithelial cells of the upper respiratory tract and gut,
two main sites that express high levels of the ACE2 receptor for SARS-CoV-2, makes Ad5 an
advantageous viral vector against COVID-19. Recombinant Ad5 vector-based vaccines have
been examined in clinical trials against infectious diseases. Johnson & Johnson is developing

an adenovirus vectored vaccine using AdVac®/PER.C6® vaccine platforms.

The first COVID-19 vaccine candidate based on adenovirus vectored vaccine developed by
Chen Wei group entered human clinical testing (NCT04313127) with unprecedented rapidity
early on 16 March 2020. The candidate vaccine Ad5-nCoV, which encodes a full-length S
protein of SARS-CoV-2, proceeded to a Phase II clinical trial in China. Another viral vector
vaccine, ChAdOx1 nCoV-19 (also known as CoviShield), is composed of a nonreplicating
chimpanzee adenovirus vector and a genetic sequence of S protein. The vector represents an
attractive alternative to the human adenoviral vector due to its good safety profile and lack
of preexisting immunity in the human population. Apart from the adenovirus vector-based
vaccine, two lentivirus vector-based vaccine candidates have been developed. Lentivirus
vector (LV) systems represent an attractive technology for vaccine development. In addition
to their ability to effectively deliver genes or antigens of interest into cells and to generate
a humoral and cellular mediated immune response against the encoded transgenes, LVs
can transduce antigen-presenting cells (APCs), the main cell types mediating the immune
response, at high efficiencies with little to no cytotoxicity. Through up or downregulation of
immune-modulatory genes in APCs by LVs, the genetically modified APCs may potentially
activate a strong protective immunity against infections. Two vaccine candidates, Covid-19/
APC vaccine and LV-SMENP-DC vaccine, which were made by modifying artificial APCs
and dendritic cells with LVs expressing multiple viral genes and immune-modulatory genes,
act as ‘Trojan horses’ against the SARS-CoV-2 virus. Clinical trials are currently underway

to evaluate their safety and immune reactivity.

Probiotics: Bifidobacterium is one of the domestic, nonpathogenic anaerobic bacteria found in the
intestine of humans. These organisms are believed to have health-promoting properties for their host,
including increasing the immune response and protecting the host against viral infection. As vaccine
vectors, they offer several advantages including low cost, low resistance to antibiotics, noninvasive
administration, and high safety levels. The most attractive feature is that Bifidobacterium tends to
elicit high levels of mucosal antibodies against the expressed foreign antigen following uptake via
the mucosal immune system. Some strains of Bifidobacterium have been used as a delivery vector
for the development of vaccines against Hepatitis C virus and enterovirus 71. The bacTRL-Spike
vaccine candidate contains live Bifidobacteriumlongum, which contains synthetic plasmid DNA
encoding the S protein of SARS-CoV-2. The ongoing trial is designed to evaluate the safety and
tolerability of the orally delivered bacTRLSpike vaccine in healthy adults.
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Table 1: List of vaccine candidates for COVID-19 under evaluation!

protein with Advax-
SM adjuvant)

Vaccine Platform Name of the vaccine | Dosing with the route | Phase of Trial
candidate of administration
DNA plasmid vaccine | INO-4800 0,28 days (ID) Phase
2a (NCT04447781)
BacTRL-Spike (DNA |Oral capsule Phase 1
plasmid  expressing (NCT04334980)
trimeric S within B.
longum)
Lipid nanoparticle | mMRNA-1273 0, 28 days (IM) Phase 2
encapsulated mRNA (NCTO04470427)
BNT162 (al,bl,b2,c2) | 0, 28 days (IM) Phase 3
(NCT04368728)
Protein subunit Adjuvant recombinant | 0,28 or Phase 2
protein (RBD-Dimer) |0,28,56 days (IM) (NCT04466085)
Adenovirus Type5 Ad5-nCoV 1 dose (IM) Phase 2
(Non-replicating viral (ChiCTR2000031781)
vector)
Adenovirus vector ChAdOx1 nCoV-19 1 dose (IM) Phase 3
(ISRCTN89951424)
Lentivirus vector Covid-19/aAPC 0,14,28 days (SC) Phase 1
(modified aAPCs) (NCT04299724)
LV-SMENP-DC 0,14,28 days (SC/IV | Phase 1-2
(modified DCs) infusion) (NCT04276896)
Inactivated + alum | PiCoVacc 0, 14 days (IM) Phase 3
vaccine (NCT04456595)
Whole- virion | BBV152 0, 14 days (IM) Phase 1 -2
inactivated (NCT04471519)
Protein subunit NVX-CoV2373 0, 21 days (IM) Phase 1
(Recombinant SARS (NCT04368988)
CoV-2 glycoprotein
NP vaccine with
Matrix M)
Protein subunit SCB 2019 0, 21 days (IM) Phase 1
(Native like Trimeric (NCT04405908)
subunit Spike Protein
vaccine)
COVAX19 1 dose (IM) Phase 1
(recombinant spike (NCT04453852)
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Challenge studies in COVID-19 vaccine development ' 12!

Some researchers have proposed using a ‘challenge study’ to deliberately infect individuals to
accelerate vaccine development. Challenge studies have aided the development of treatments
and vaccines for malaria, influenza, typhoid fever, cholera, and dengue. Because these studies
are undertaken in a controlled environment, it is easier for researchers to study natural disease
progression than it would be in the field. In traditional vaccine trials, a high-risk population is
usually studied, but not everyone in that population is necessarily exposed, and risk may not be
evenly distributed; people’s exposure to infection may vary, and not everyone may be infected
during the trial. This means that large trials with substantial follow-up time to accumulate enough

cases are needed to test vaccine efficacy.

A challenge study guarantees uniform exposure, so can be done faster with fewer participants. This
approach could speed up vaccine development by eliminating ineffective candidates early on and
accelerating field trials of the most promising vaccines. In the UK, a challenging study is already
underway using related coronaviruses that cause milder disease. A major limitation of this approach
is that results using other coronaviruses might not directly apply to SARS-CoV-2, the coronavirus
that causes COVID-19. SARS-CoV-2 challenge studies could enable three things: studying clinical
progression, developing effective vaccines, and testing candidate therapies. Candidate vaccines
that have satisfied phase I safety and phase Ila dosage trials could be administered to volunteers
who are subsequently challenged with the virus as part of a phase IIb trial to see how well the
vaccine protects them as compared with a placebo or suitable alternative. Promising vaccines must
eventually undergo large-scale testing in at-risk communities, but the process of assessing candidate
vaccines before large phase III trials could be substantially accelerated by challenge studies. The
stakes of a SARS-CoV-2 challenge study are high due to the risks of harm to participants. There
may be devastating repercussions for all other human challenge studies if one or more volunteer
participant(s) were to experience significant adverse outcomes or even death from intentional
exposure to COVID-19. A SARS-CoV-2 challenge study should not just be well-designed with
appropriate safeguards to minimize risk, but its inherent risks and its justification — seeking to more
quickly reduce the human toll of the pandemic as a global good — should be communicated to the

public to minimize potential fallouts.

Conclusion

As no effective treatment against SARS-CoV-2 is currently available, the best action is to develop
vaccines to prevent the infection. Some potential vaccine candidates have progressed to Phase I and
II clinical trials, but a year and a half are likely to pass before an effective vaccine is vetted through
trials and is ready for marketing for humans. Therefore, considerable efforts should be given to
limit or hinder the spread of the virus. Also, pandemics will generate simultaneous demand for

drugs and vaccines around the world. The elderly and those with underlying diseases or chronic
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comorbidities are at greater risk of severe disease or mortality. Clinical and serologic studies will be
needed to confirm which populations remain at the highest risk once effective treatments or vaccines
are available. Strong international coordination and collaboration among studies, pharmaceutical
companies, regulators, and governments are needed to ensure that promising therapies or vaccines
can be manufactured and supplied successfully. The COVID-19 pandemic has created devastating
social, economic, and political threats. It is time for us to work together, share experiences, and
move forward to fight against them. Although this virus persists, there is light at the end of the

tunnel.
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Spontaneously reported cases for drugs used in COVID-19

SPONTANEOUSLY REPORTED CASES FOR DRUGS USED IN COVID-19

This is an excerpt from an update published by WHO in their report dated 23rd September 2020.
The reference for the main publication is as follows:Descriptive analysis of COVID-19 related
spontaneous reports from VigiBase: interim results.Report date: 2020-09-23. [Internet|. [Last
accessed on 27th Nov 2020]. Available:https://www.who.int/medicines/regulation/medicines-
safety/COVID19-PV-update12.pdf . This publication is solely in academic interest to disseminate

the scientific information.

Descriptive analysis of COVID-19 related spontaneous reports from VigiBase: interim results is a
twelfth review of global reporting of ADRs for drugs used to treat COVID-19 pandemic. For a few
drugs, clinical trial results point to some efficacy in the disease. Among these, remdesivir is so far
the only antiviral drug while glucocorticoids and the heparin class drugs have positive effects on
complications of the disease. Other drugs widely used during the first part of the pandemic have
by now been reported as ineffective in the patient groups studied, while numerous other suggested
treatments still lack reliable information on their respective efficacy in COVID-19. The review
has been adapted to the current state of knowledge and focus is hence given to remdesivir, the
glucocorticoids and the heparin class of drugs for automated and manual reviews following the
pattern of previous reviews. In addition, the COVID-19 related reporting into VigiBase for another
two substances, favipiravir and ivermectin, has now passed the threshold of more than 100 reports.
A full overview of the reporting for these drugs has also been included. Reports were considered for
inclusion if they were received at the National Centres between November 1st 2019 and September
6th 2020 and were reported to VigiBase no later than September 6th.

The cumulative reports for various drugs has been tabulated below in Table 1.

Table 1: N _old display number of reports described in previous reports, which included reports

received to VigiBase no later than the 17th of August. N _new includes number of reports received

Drug group N old N new N _total
Azithromyein 1446 82 1528
Chloroquine 432 2 434
Hydroxychloroquine 2400 128 25628
Lopinavir;Ritonavir R03 GO B72
Remdesivir 1975 13 2018
Tocilizumab 547 19 596
Heparin group substances 195 11 206
Oseltamivir 175 3 178
Sarilumab 158 1 159
Glucocorticoids group 217 3 251
Ivermectin G5 66 131
Favipiravir 81 22 103
Other drugs 496 37 533

Unique reports G701 301 7092
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to VigiBase no later than the 6th of September. Other drugs are selected from medical expertise

from the set of corona virus indicated drugs reported to VigiBase.

Assessment of causality in individual cases is for all COVID-19 drugs difficult due to the
background disease, the limited data on the drugs used in this disease and the relatively large
proportion of multiple concomitant other COVID-19 treatments and has therefore in most cases

not been performed.

Overview of Patient Characteristics

Cumulatively, a total of 7092 reports have been received from six WHO regions, namely the
Region of the Americas (44%), European Region (37.6%), Eastern Mediterranean Region (11.5%),
Western Pacific Region (4.6%), South-East Asia Region (2%), and African Region (0.2%). 57% of
the reports were classified as “serious”. Males accounted for 56 % of the reports and females for

37.6 %. Figure one depicts patient characteristics for these drugs.

Patient sex Patient age
Azramyin - Kaithramyein - -
Chioroquine - Chiarogquing - -

Lopinavir Ritonair = :_] LopinadrRitonair- + = -
Rermdesiir - Remdesir- = -
Tocikmumab- Toglizumad- *# "'+

Female
Sariymab- Sariluman- —-—
Glucocorficaids group - Glucacorbioids group- -
Favipirar = Favpiravir -
o TN o mm— 8

1 [ i 1 1 1 i (] 1

0% % 0% 5% 100% 0 5 &0 15 L]
Proportion within drug Age (years)

Figure 1: Figure on left shows counts of reports which include each drug as suspected or interacting.
Reports, including several drugs will be counted once for each reported drug. Figure on the right

shows patient age boxes show medians and interquartile ranges.

Remdesivir

There were 43 new reports for remdesivir during this reviewing period, adding up to a cumulative

total of 2018 reports. The new reports included 34 men, eight women and one with unknown sex.The
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new reports originated from the European Region (N=36), South-East Asia Region (N=3), Western
Pacific Region (N=3) and Region of the Americas (N=1). The most frequently reportedCOVID-19
drugs co-administered with remdesivir were heparins (741), glucocorticoids (585), azathioprine
(318) and tocilizumab (140).

The 43 new reports received for this period contain 52 preferred terms of which 11 are reported
for the first time. These are pancreatitis acute, rash morbilliform, symmetrical drug-related
intertriginous and flexural exanthema, dysgeusia, pulmonary imaging procedure abnormal,
fungaemia, pseudomonas infection, hypogammaglobulinaemia, ill-defined disorder, acute
myocardial infarction and thrombocytosis, each reported once. Acute pancreatitis is of interest since
it was noted in the tenth review that other pancreatic terms had been reported. Twelve pancreatic
terms have now been reported occurring in 12 reports. However, there is evidence that COVID-19
infection may also cause increased pancreatic enzymes and pancreatitis, so the reports require

closer scrutiny to assess causality.

Glucocorticoid group (GCG)

There were 34 new reports for the glucocorticoids group (GCG) during this reviewing period,
adding up to a cumulative total of 251 reports. The most common substances were prednisone,
methylprednisolone and dexamethasone accounting for nearly 90% of these drugs. The new reports
included 14 men and 20 women. The new reports originated from the region of the Americas
(N=17), European Region (N=8), Eastern Mediterranean Region (N=7) and Western Pacific Region
(N=2). In the new reports, the median age was 52 years. For the new reports, a glucocorticoid was
the single suspected drug in six reports. Five cases of premature delivery, four of which in neonates
and one in a mother have been reported. Birthweight was 0.93-1.05 kg where reported. Co-reported
terms are such as would be clinically expected in prematurity. Co-reported drugs with a COVID-19
indication were, in all cases, hydroxychloroquine and azithromycin. The cases, all reported from
the same national centre, contain little to no clinical description thereby precluding any further

analysis.

Heparin group drugs

There were 11 new reports for the heparin group substances during this reviewing period, adding
up to a cumulative total of 206 reports. Enoxaparin and heparin reports make up more than 95%
of the reporting in the group. The new reports included six men and five women. The new reports
originated from the European Region (N=6), Eastern Mediterranean Region (N=4) and Region of
the Americas (N=1). In the new reports, the median age was 63 years. A substance from the heparin
group was the single suspected drug in six of the new reports. The class has a well-established pre-

COVID-19 profile regarding potential harms and benefits.
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The most commonly reported MedDRA PTs for the group refer to off-label use related terms and
labelled terms describing haemorrhages, haematological or hepatic events. Only one drug event
combination, hypofibrinogenaemia was highlighted by the method as being reported significantly
more often than expected compared to other COVID-19 drugs. In all the five reported cases,
tocilizumab was present as a co-suspect drug for which the reaction is labelled. This finding has

been reviewed previously in relation to the use of tocilizumab in COVID-19.

Ivermectin

There were 66 new reports for ivermectin during this reviewing period, adding up to a cumulative
total of 131 reports. The new reports included 29 men, 35 women and two with unknown sex. The
new reports all originated from the region of the Americas (N=66). In the new reports, the median

age was 46 years. For the new reports ivermectin was the single suspected drug in 29 reports.

Among the top reported adverse reactions for all 131 individual case safety reports, we have
gastrointestinal problems such as diarrhoea, abdominal pain, decreased appetite, vomiting and
nausea, terms that are all labelled for the drug. Dizziness, headache, urine abnormality, visual
impairment, anxiety and depression are other examples of top-reported terms for the drug. These
terms are not labelled for ivermectin but may have been caused by the concomitantly reported

drugs mentioned in the reports or the underlying disease.

Favipiravir

There were 22 new reports for favipiravir during this reviewing period, adding up to a cumulative
total of 103 reports. The new reports included 15 men and seven women. The new reports originated
from the European Region (N=14), Eastern Mediterranean Region (N=6) and South-East Asia
Region (N=2). In the new reports, the median age was 49 years. For the new reports,favipiravir was

the single suspected drug in 15 reports.

The most-reported MedDRA PTs have been: intentional product use issue, liver function test
increased, nausea, rash, vomiting, electrocardiogram QT prolonged, hepatotoxicity, alanine
aminotransferase increased, erythema, pruritus. Of the 22 new reports delivered to VigiBase
during this reporting period eight included MedDRA PTs that had never been reported before.
These PTs were: neutropenia, tachycardia, abdominal pain upper, constipation, hyperuricaemia,

hyponatraemia, loss of consciousness.

***Disclaimer stated in the document: Data in the reports are not complete, and only a subset of the
reports in the analysis, unfortunately, contained narratives precluding quality causality assessment. With
limited data available at this stage of the pandemic and the uncertainty over other confounders (such as the

underlying disease), this report is no more than a preliminary overview of cases and reported ADRs.
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Abstract

COVID-19 disease is swiftly spreading over the globe. There were no specific approved
drugs or therapies at the start of the pandemic. Hence, the management of these
patients involves optimized supportive care. Researchers worldwide are analyzing
the viral structure viruses’ pathophysiology to develop new drugs and repurpose the
currently approved drugs. Regulatory authorities worldwide, such as the USFDA,
EMA, CDSCO, etc. are working closely with these scientists. They are expediting their
efforts by providing advice, technical assistance, regulatory flexibility, and leveraging
on scientific information from the trials conducted across various parts of the globe.
These efforts have led to emergency use authorizations and restricted emergency use
approvals of a few drugs, namely remdesivir, favipiravir, and 2% propofol emulsion for
use in COVID-19 patients. The USFDA has revoked the approval of chloroquine and
hydroxychloroquine. Many more new drugs are in the pipeline for their antiviral or
immunomodulatory or other supportive mechanisms of action. These drugs are under
the radar of regulatory authorities who are monitoring their efficacy and safety firmly

as the world hopes to find a solution to combat this pandemic.

Keywords: SARS-CoV-2, pandemic, regulatory authorities, accelerated approval,
pharmacotherapy.

Introduction

The coronavirus disease 2019 (COVID-19) pandemic which was caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) which first emerged in Wuhan, China in December 2019 has
advanced into a worldwide pandemic with 16,558,289 cases and 656,093 deaths being accounted for
overall till July 29th 2020!'-*). The symptoms of SARS-CoV-2 vary from an asymptomatic disease
or mild fever, cough or pneumonia to extremely life-threatening complications acute respiratory
distress syndrome and multi-system organ failure, which may ultimately result to death 1. Wu C
et al. and few other authors reported that elderly patients, immunocompromised patients and those
with preexisting cardiovascular or respiratory conditions seem, by all accounts, to be at the highest

risk for life-threatening complications.[®”]
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Multiple therapeutic options involving investigational new drugs and the repurposing of existing
drugs have been explored for the management of COVID-19. The pharmacotherapy ranges from pre
and post-exposure prophylaxis to targeting the replication cycle and immune medicated processes
resulting in life-threatening complications.®) Without a demonstrated effective therapy, current
management includes supportive care with antibiotics, invasive and non-invasive oxygen support,

and off-label use of drugs, which are now under investigation."’

Drug development is an expensive and timely process with a high attrition rate, which is
unsatisfactory in setting to the current global emergency.!'” Therefore the United States Food and
Drug Administration (USFDA) has propelled an emergency program for possible therapies known
as the Coronavirus Treatment Acceleration Program (CTAP), which uses every possible method
to evaluate investigational drugs and expedite the approval process for drugs showing promising
efficacy and adequate safety.l'"! The Drug Controller General of India (DCGI) has likewise offered
several waivers for accelerating the procedure from fast track approval of a repurposed drug to
waiving animal studies and offering various flexible pathways which would have otherwise taken

several months.['?

Stages of the replication cycle of SARS-CoV-2 as drug targets

SARS-CoV-2 is known to have four structural proteins, namely spike (S), envelope (E), membrane
(M), and nucleocapsid (N), which encapsulates the single-stranded viral RNA. Spike is the protein
that interacts with the host cell receptors, and it is cleaved into S1 and S2 by the host cell protease,
such as transmembrane protease serine-2 (TMPRSS2). The function of S1 is to bind to the host cell

surface receptor, whereas the role of S2 is to mediate membrane fusion.

Recent protein modeling studies of spike protein suggest that SARS-CoV-2 has a strong binding
affinity to human angiotensin-converting enzyme-2 (ACE-2) receptors and likely uses them as a
mechanism for cell entry. ACE-2 receptors are highly expressed in type II alveolar pneumocytes of
the lungs. However, they are also present in various other extrapulmonary sites such as the heart,
kidney, endothelium, and intestine. Previous studies in mice demonstrated that binding of SARS-
CoV-2 spike protein to ACE-2 receptor down-regulates the receptor and thereby contributes to

severe lung injury.

After uncoating, the genomic RNA of the SARS-CoV-2 acts on m-RNA using host cell ribosome
for translation of the replicase poly-protein 1a and 1ab (ppla and pplab). Autoproteolytic cleavage
of these poly-proteins by the protease enzyme then produces several non-structural proteins,
including RNA dependent RNA polymerase (RdRp), helicase, and non-structural proteins 3, 4 & 6.
These non-structural proteins 3, 4 & 6 are responsible for anchoring the SARS-CoV-2 replication/
transcription complex through recruitment of intracellular endoplasmic reticulum membranes to
form double-membrane vesicles (DMV). RdRp and helicase localize to DMV's and drive the
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production of subgenomic RNA"s (Sg RNA's) from which structural and accessory proteins are

produced in the next phase of translation.

Once synthesized, the transmembrane structural proteins S, M & E are inserted and folded in
the endoplasmic reticulum (ER) and then transported to the ER-Golgi intermediate compartment
(ERGIC). On the other hand, the N proteins bind to the viral genome RNA in the cytoplasm to
form nucleocapsid. Once the final virion assembly occurs in the intermediate compartment, mature
virions are released via smooth-walled vesicles by exocytosis.[* Various drugs acting at different
stages of this replication cycle have been explored and repurposed for the treatment of COVID-19

out of which various regulatory authorities have approved a few, which are as follows:

Remdesivir

It is a broad-spectrum antiviral (nucleotide analog prodrug) targeting the RNA dependent RNA
polymerase.l') FDA issued emergency use authorization (EUA) on May 1st 2020 for use in
hospitalized adults or children with severe disease (defined as oxygen saturation [SpO2] 94% or
lower on room air or requiring supplemental oxygen, extracorporeal membrane oxygenation or
mechanical ventilation) and required the drug to be administered by a healthcare provider via I/'V
infusion in doses recommended by EUA. The EUA requires the healthcare facilities and healthcare
providers administering Remdesivir to agree to precise obligatory record-keeping and reporting
requirements (including adverse event reporting to FDA Med-Watch.!'!"! Remdesivir is currently
being evaluated by European Medicines Agency’s (EMA's) Committee for Medicinal Products for
Human Use (CHMP), for conditional marketing authorization for the treatment of COVID-19.!'8]
Pharmaceuticals and Medical Devices Agency; Japan approved it on May 7th 2020 based on article
14-3 of PMD act.["! Considering the global emergency and unmet medical need for COVID-19
disease, Central Drugs Standard Control Organization (CDSCO) on June 21st 2020 has approved
restricted emergency use of Remdesivirinjectableformulations for the treatment of patients with

severe COVID-19 infection subject to various conditions and restrictions."

Dosage: Recommended EUA dosage for adults and children weighing 40 kg or more: A loading
dose of 200 mg by IV infusion on day 1, followed by maintenance doses of 100 mg by IV infusion
once daily from day 2. Optimal duration of treatment not known. The recommended total treatment
duration is ten days for patients requiring invasive mechanical ventilation and/or extracorporeal
membrane oxygenation (ECMO). For those not requiring invasive mechanical ventilation and/or
ECMO, the recommended total treatment duration is five days. Extension of treatment may occur
if the patient does not demonstrate clinical improvement for up to five additional days (i.e., up to a

total treatment duration of ten days).

Recommended EUA dosage for children weighing 3.5 to less than 40 kg (using the lyophilized
powder formulation only): A loading dose of 5 mg/kg by IV infusion on day 1, which is followed
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by maintenance doses of 2.5 mg/kg by IV infusion once daily from day 2. Optimal duration of
treatment not known. The recommended total treatment duration is ten days for patients requiring
invasive mechanical ventilation and/or ECMO. For those not requiring invasive mechanical
ventilation and/or ECMO, the recommended total treatment duration is five days. Extension of
treatment may occur if the patient does not demonstrate clinical improvement for up to 5 additional

days (i.e., up to a total treatment duration of 10 days).!!(Table I)

Chloroquine Phosphate and Hydroxychloroquine

These are antimalarial drugs which showed antiviral activities in various in vitro studies. Chloroquine
increases the vacuolar and endosomal pH resulting in decreased functioning by inhibiting
endocytosis and inhibiting vacuolar ATPase (vATPase) proton pump on the lysosomal surface.
It acts as a zinc ionophore, which increases Zn2+ entry into the cell, which has shown to inhibit
viral replication in in-vitro studies. It also competitively inhibits the binding of the spike protein
to the sialic acid on the cell membrane’s surface. The immunomodulatory effects theoretically
promise anti-inflammatory benefits in the severe stages of COVID-19. Hydroxychloroquine has
a similar mechanism of action as chloroquine phosphate. Hydroxyl analog of chloroquine with
similar mechanisms of action and adverse effects; may have more favorable dose-related toxicity
profile than chloroquine, but cardio-toxicity (e.g., prolonged QT interval) is a concern with both

drugs.222s]

The DCGI has also approved the protocol which was recommended by the ICMR nationaltask
force for restricted use in high-risk contacts.”) FDA had issued a EUA on March 28th, 2020 that
permitted distribution of the drug from the strategic national stockpile (SNS) for use only in adults
and adolescents weighing 50 kg or more hospitalized with COVID-19 for whom a clinical trial is
not available or participation not feasible. FDA also issued a safety alert regarding adverse cardiac
effects and cautioned against the medical use of chloroquine or hydroxychloroquine outside of
a clinical trial or hospital setting.””?"! Effective June 15th, 2020, FDA has revoked the EUA for
chloroquine and hydroxychloroquine. The EUA was issued based on a review of new information
and reevaluation of the available data. The FDA concluded that the original criteria for issuance of
the EUA for these drugs are no longer met. FDA concluded that it is unlikely that chloroquine and
hydroxychloroquine may be effective in treating COVID-19 on the basis of the totality of scientific
evidence available, and considering the incoming reports of associated serious cardiac adverse
events and several newly reported cases of methemoglobinemia in COVID-19 patients, the already
known and potential benefits of chloroquine and hydroxychloroquine do not outweigh the known

and potential risks associated with the use authorized by the EUA. %

Dosage: For the treatment of hospitalized adults and adolescents weighing 50 kg or more, the

recommended dosage of chloroquine phosphate was 1 g on day 1, then 500 mg daily for 4- 7 days
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of total treatment based on clinical evaluation and the proposed dosage of hydroxychloroquine was
800 mg on day 1, then 400 mg daily for 4-7 days of total treatment based on clinical evaluation.
B1321(Table 1)

The basis for the FDA decision to revoke the EUA for hydroxychloroquine and chloroquine is

summarized below:

1. Suggested hydroxychloroquine and chloroquine dosage regimens, as detailed in the EUA fact

sheets for healthcare providers, are unlikely to produce an antiviral effect.

2. There have been no consistent replications of earlier observations of decreased viral
shedding with hydroxychloroquine or chloroquine treatment. Recent data from a randomized
controlled trial assessing the probability of negative conversion showed no difference between

hydroxychloroquine and standard of care alone.

3. Current United States treatment guidelines do not recommend using chloroquine or
hydroxychloroquine in patients hospitalized with COVID-19 outside of a clinical trial, and

the guidelines issued by NIH now also recommend against its use outside a clinical trial.

4.  Recent evidence obtained from a large, randomized, controlled trial showed no evidence
of benefit in outcomes assessed, such as mortality or hospital length of stay or need for
mechanical ventilation for hydroxychloroquine treatment in hospitalized patients with
COVID-19.8%

Favipiravir

Itis a broad-spectrum antiviral. The active favipiravir-RTP selectively inhibits RNA polymerase and
prevents replication of the viral genome.?¥! Considering the global emergency and unmet medical
need for COVID-19 disease, CDSCO June 21st 2020 has approved restricted emergency use of
oral favipiravir tablets for mild to moderate COVID-19 infection subject to various conditions and

restrictions under the brand name of “fabiflu”.[2

Dosage: Favipiravir was used at a dosage of 1600 mg twice daily on day 1, which was followed
by 600 mg twice daily thereafter for 710 or 14 days in several open-label COVID-19 studies in
China.?*33! (Table 1)

Other antivirals under evaluation

Other antiviral drugs currently under investigation are baloxavir, HIV protease inhibitors (namely;
lopinavir, atazanavir, darunavir, nelfinavir, saquinavir, and tipranavir), neuraminidase inhibitors

(namely; oseltamivir and zanamivir) and umifenovir.*¢-3"
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SARS-CoV-2-Mediated Inflammatory Responses as drug targets

Studies carried out earlier suggest that the immune response in COVID-19 patients is two-phased.
In moderate disease, immune cells produce inflammatory cytokines to reduce the viral load. During
this stage, it might be beneficial to use therapies to stimulate the immune response. During severe
stages, COVID-19 patients exhibit a high cytokine level or hyper inflammation, which may lead
to severe pulmonary damage resulting in acute respiratory distress syndrome (ARDS). Reversing
pulmonary damage is a significant hurdle in treating COVID-19, and ARDS is one of the leading

causes of mortality in these patients.

The origin of cytokines involved in the SARS-CoV-2 related cytokine storm is yet to be determined
as researchers have not entirely assessed the complete immune response. One theory related to
the cytokine storm involves rapid viral replication, which leads to large scale cell pyro-apoptosis.
The macrophages are then recruited into the lungs and will, in turn, amplify the inflammatory
response. Studies comparing serum cytokines levels in infected individuals comprising of patients
exhibiting marked symptoms and those with severe symptoms have shown increased levels of IL-
6, IL-10, TNF-alpha, and soluble IL-2R receptor associated with disease severity. Another study
examined patients with pneumonia comparing cytokines and chemokine's in patients admitted in
the intensive care unit (ICU) as compared to those who were not admitted in ICU's. They found the
IL-2, IL-7, G-CSF, IP-10, MCP-1, and MIP-1 are all elevated in the patients admitted in ICU"s.13%%]

While the patient’s own immune system may cause respiratory distress syndrome and multi-
organ failure leading to the death of some patients, treatment strategies may not be as simple as
using a broad anti-inflammatory drug. Broad anti-inflammatory drugs may impair the patient’s
ability to eliminate the viral pathogen and may make the patient more susceptible to secondary
infection, which could worsen the outcome. Understanding the specific cytokines involved in the
COVID-19 cytokine storm is essential for developing treatments. Hence based on the observations
made by earlier studies multiple therapeutic options are being explored and repurposed to manage
the cytokine storm induced by SARS-CoV-2 at the severe stage of COVID-19.5%%1 Currently
immunomodulators are still under evaluation by various regulatory authorities with only one drug

which is supportive for mechanical ventilation being approved by the USFDA which is as follows;

Itolizumab

It is a humanized recombinant anti-CD6 monoclonal antibody of IgG1 iso-type that binds to domain
1 of CD6, thereby immunomodulating human lymphocytes without interfering with the binding of
CD6 to the activated leukocyte-cell adhesion molecule. CDSCO on July 11th2020 has approved
Restricted Emergency Use of Itolizumab injection 25mg/5mL solution for the treatment of cytokine
release syndrome (CRS) in moderate to severe ARDS (acute respiratory distress syndrome) patients
due to COVID-19. (Table I)
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Propofol 2%, emulsion

It is a sedative-hypnotic. On May 8th, 2020 USFDA approved Propofol 2%, emulsion to maintain

sedation via continuous infusion in patients greater than 16 years old with suspected or confirmed

COVID-19 who require mechanical ventilation in an intensive care unit (ICU) setting.[*!)(Table 1)

Table 1: A summary of newly approved drugs for COVID-19

CDSCO, India

Drug & mechanism of Approval date & Dosage & Indication

action approving regulatory recommended

body duration of therapy

1) Remdesivir 1) May 1st 2020:|1) Adults and children | Hospitalized adults or
(Broad-spectrum|USFDA weighing 40 kg or more: | children with severe
antiviral targeting the|2) May 7th 2020:(200mg I/V day 1, 100 | COVID-19 infection
RNA dependent RNA [ PMDA, Japan mg I/V day 2 onwards.
polymerase) 3) June 2lst 2020:|Recommended duration:

5-10 days.

2) Children weighing 3.5
to <40 kg: Smgkg I/V
day 1, 2.5 mg/kg I/V day
2 onwards. Recommended
duration: 5-10 days.

2)
Phosphate
Hydroxychloroquine
(antiviral and  anti-
inflammatory effects)

Chloroquine
and

1) Approval: March
28th, 2020, USFDA

2) Revoked approval:
June 15th, 2020

1) Chloroquine Phosphate:
1 g oral on day 1, 500 mg
oral daily day 2 onwards.
Recommended duration: 4-
7 days.

2)  Hydroxychloro-quine:
800mg oral on day 1,
400 mg oral daily day 2
onwards.

Recommended  duration:
4-7 days.

Adults and adolescents
weighing 50 kg or
more hospitalized with
COVID-19 (for whom
a clinical trial is not
available or participation
not feasible).

3) Favipiravir
(Broad-spectrum
antiviral selectively
inhibits RNA
polymerase)

June 21st2020: CDSCO,
India

1600 mg oral twice
daily on day 1, 600 mg
oral twice daily day 2
onwards.
Recommended duration:
7-10 days.

Mild to moderate
COVID-19 infection

4) Itolizumab
(Humanized
recombinant anti-CD6
monoclonal antibody)

July 11th 2020: CDSCO,
India

25mg/5mL I/'V

Cytokine release
syndrome (CRS) in
moderate to  severe

ARDS due to COVID-19

5)Propofol 2%, emulsion
(sedative-hypnotic)

May 8th, 2020, USFDA

2%, emulsion, I/V

To maintain sedation via
continuous infusion in
patients greater than 16
years old with suspected
or confirmed COVID-19
who require mechanical
ventilation in the ICU
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Other immunomodulators under evaluation

Immunomodulators currently under investigation include anakinra, baricitinib, colchicine,
systemic corticosteroids (dexamethasone, hydrocortisone, methylprednisolone, and prednisolone),
inhaled corticosteroids (ciclesonide), interferons (namely; IFN beta-1a. IFN beta-1b, IFN alfa, and

Peginterferon lambda-1a), ruxolitinib, sarilumab, siltuximab,sirolimus, and tocilizumab.*¢37

Other drugs and therapies under evaluation

Other drugs under evaluation include azithromycin, ascorbic acid, epoprostenol (inhaled), nitric
oxide (inhaled), Angiotensin Converting Enzyme (ACE) Inhibitors, Angiotensin II Receptor
Blockers (ARBs), anticoagulants, COVID-19 convalescent plasma, famotidine, HMG-CoA
reductaseinhibitors (statins), immune globulin (IGIV, IVIG, gamma-globulin), ivermectin, nebulized
drugs, niclosamine, nitazoxanide, nonsteroidal anti-inflammatory agents (namely; ibuprofen and

indomethacin), a tissue plasminogen activator (t- PA; alteplase) and Chinese herbal medicines. 6"

Conclusion

The COVID-19 pandemic presents the most significant crisis for public health and the world
economy in the last 100 years. Numerous drugs have been used clinically after learning from
severe acute respiratory syndrome (SARS) and the Middle East respiratory syndrome (MERS),
with ongoing clinical trials evaluating their efficacy and safety. Few novel therapies have also been
proposed after taking into consideration the unique viral structure and distinct pathogenesis. We
hope that a portion of these drugs breeze through the assessment of regulatory authorities in the

coming months and strengthen the global healthcare system in their battle against this pandemic.
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FDA cautions against use of hydroxychloroquine or chloroquine for COVID-19 outside of the

hospital setting or a clinical trial due to risk of heart rhythm problems

Hydroxychloroquine and chloroquine have not been shown to be safe and effective for treating or
preventing COVID-19. FDA authorized their temporary use during the COVID-19 pandemic for
treatment of the virus in hospitalized patients when clinical trials are not available, or participation

is not feasible, through an Emergency use authorization (EUA).

Hydroxychloroquine and chloroquine can cause abnormal heart rhythms such as QT interval
prolongation and a dangerously rapid heart rate called ventricular tachycardia. These risks may
increase when these medicines are combined with other medicines known to prolong the QT
interval, including the antibiotic azithromycin, which is also being used in some COVID-19
patients without FDA approval for this condition. Patients who also have other health issues such
as heart and kidney disease are likely to be at increased risk of these heart problems when receiving

these medicines.

Reference: FDA cautions use of hydroxychloroquine/chloroquine for COVID-19. U.S. Food and
Drug Administration 2020. [Internet] [cited 1 July 2020]. Available from: https://www.fda.gov/
drugs/drug-safety-and-availability/fda-cautions-against-use-hydroxychloroquine-or-chloroquine-

covid-19-outside-hospital-setting-or

FDA Warns of Newly Discovered Potential Drug Interaction That May Reduce Effectiveness
of a COVID-19 Treatment Authorized for Emergency Use

Co-administration of remdesivir and chloroquine phosphate or hydroxychloroquinesulfate is not
recommended as it may result in reduced antiviral activity of remdesivir. The agency is not aware
of instances of this reduced activity occurring in the clinical setting but is continuing to evaluate all

data related to remdesivir.

Reference: FDA cautions use of hydroxychloroquine/chloroquine for COVID-19. U.S. Food and
Drug Administration 2020. [Internet] [cited 1 July 2020]. Available from: https://www.fda.gov/
drugs/drug-safety-and-availability/fda-cautions-against-use-hydroxychloroquine-or-chloroquine-

covid-19-outside-hospital-setting-or
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European Medicines Agency. EMA gives advice on the use of non-steroidal anti-inflammatories
for Covid-19.

In 2019, the EMA’s Pharmacovigilance Risk Assessment Committee began a review of ibuprofen
and ketoprofen following claims that these drugs could worsen chickenpox and some bacterial
infections. The summaries of product characteristics for several NSAIDs already include a warning
that these drugs may mask the signs or symptoms of a worsening infection.The UK Medicines and
Healthcare products Regulatory Agency (MHRA) has reported that there is currently no research
into the link between ibuprofen and the likelihood of contracting SARS-CoV-2, or the link between
ibuprofen and the worsening of Covid-19 symptoms. The MHRA has advised patients to take
paracetamol to treat the symptoms of Covid-19, unless paracetamol is not suitable for them. People

who have been advised to use ibuprofen by a healthcare professional should not stop taking it.

Reference: EMA advice on the use of NSAIDs for Covid-19 Drug and Therapeutics Bulletin 2020,
58:69.

Two Major Coronavirus Vaccine Trials Have Restarted After Being Paused for Safety

Investigations

Pharmaceutical companies running clinical trials for two high-profile coronavirus vaccine
candidates resumed, after safety investigations found that serious illnesses in volunteers did not
appear to be related to the vaccines. AstraZeneca’s trial, which is being conducted in a partnership
with the University of Oxford in the UK, has been halted twice. The first pause occurred after a
patient in July developed multiple sclerosis, which was determined to be unrelated to the vaccine.
The trial was paused again in September after a participant developed a neurological illness called

transverse myelitis.

Reference: Johnson & Johnson And AstraZeneca Resume COVID Vaccine Trials. Buzzfeednews.
com. Published on 24th October 2020 [Internet] [cited 1 November 2020] Available from:https.//

www.buzzfeednews.com/article/azeenghorayshi/astrazeneca-johnson-johnson-vaccine-trials-

safety .
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1. , a monophosphoramidateprodrug of an adenosine analogue, is a potent inhibitor

of SARS-CoV-2 replication in human nasal and bronchial airway epithelial cells.

2. Umifenovir, also known as , 1s a promising repurposed antiviral agent with a unique
mechanism of action targeting the S protein/ACE2 interaction and inhibiting membrane

fusion of the viral envelope.

3.  High doses of this guanine analogue used in the SARS trials resulted in

hemolyticanemia in more than 60% of patients.

4.  Raised acids, diarrhea, elevated transaminases and reduction in neutrophil count are
some important adverse reactions found with Favipiravir, which inhibits the RNA polymerase,

halting corona viral replication.

5. Along with immunomodulatory effects, Chloroquine and hydroxychloroquine appear to
block viral membrane & endocytosis by multiple mechanisms.
6. toxicity is the major adverse reaction seen with Tocilizumab, a monoclonal antibody

IL-6 receptor antagonist. re
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7.  Camostatmesylate, an approved agent in Japan for the treatment of pancreatitis, prevents
novel coronavirus cell entry in vitro through inhibition of the host protease.

DOWN

8. is FDA approved to treat cytokine release syndrome following chimeric antigen

receptor T-cell therapy. So, it has been used in small series of severe COVID-19 cases with

reports of success.
9. The first clinical use of Remdesivir was for the treatment of virus disease.

10. effectively inhibits the RNA-synthesizing activity of nidoviruses (including SARS-
CoV) in vitro, probably by directly affecting template binding.

11. An RCT of /cobicistat in China isgoing on because vitro cell models have
demonstrated proteolytic activity of against SARS-CoV-2.
12.  Monoclonal antibodies like Tocilizumab and Sarilumab prevent receptor activation and

inhibits its signaling also.

13.  Conventionally used in the treatment of malaria, SLE and __ , Chloroquine and
Hydroxychloroquine also block viral entry into cells by inhibiting glycosylation of host

receptors, proteolytic processing, and endosomal acidification.

14.  One of the common adverse effects of Chloroquine and Hydroxychloroquine are hematologic

effects including hemolysis with deficiency.

15. The novel mechanism that Camostatmesylate prevents nCoV cell has provided an

additional drug target for future research.

16. Inthe pigment epithelium, accumulation of chloroquine causes a toxic lesion known

as a “bull’s-eye” maculopathy, which is associated with a decrease in visual acuity.
17. The key step transforming mild COVID disease to severe is immune dysfunction and
dysregulation resulting in what is called as “ storm syndrome”.
Answers:

1.Remdesivir 2. Arbidol 3. Ribavirin 4.Uric acid 5. Fusion 6. Hepato 7. Serine 8. Tocilizumab
9. Ebola 10. Zinc 11.Darunavir 12. IL-6 13. RA 14. G6PD 15. Entry 16. Retinal 17. Cytokine.
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1 [Ivermectin A | N-methyl-D-Aspartate receptor antagonist

2 | Favipiravir B | Nucleoside RNA polymerase inhibitor

3 | Fusogenix DNA Vaccine C [Prevents Cytotkine storm

4 | Gimsilumab D | Anti IL-6 receptor

5 [AT-100 E | Defensin mimetic drug

6 |[Ifenprodil F | Single dose intranasal Vaccine for COVID-19

7 |mRNA-1273 vaccine G | Initial use —Idiopathic pulmonary Fibrosis

8 |[Brilacidin H | P2X3 Receptor Antagonist

9 | Leronlimab I | DestabilisesImportinalfa& Importin Beta

10 | Galidesivir J [ Novel human recombinant protein

11 | Tocilizumab K | CCR-5 antagonist

12 | AdCOVID L [Entos pharmaceuticals

13 | Sarilumab M | Targets Spike (s) protein

14 | Pirfenidone N [ Targets GM-CSF

15 | Gefapixant O | First approved Coronavirus drug in China
Answers:

1.I, | 220 | 3.L | 4.N

5.7

6A|7M|[8E|9.K|[10.B|I11.C|[I2.F

13.D|14.G| 15. H
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We would like to request all the departments to contribute in ADR reporting.

Please feel free to contact us for the same.

Names Extn. No. E-mail

Dr. Sudhir Pawar 3162 dr.sudhirpawar@gmail.com
Dr. Neha Kadhe 3206 nehakadhe@yahoo.com

Dr. Manjari Advani 3205 manjari.advani@gmail.com
Dr. Jaisen Lokhande 3165 dr_jaisen@yahoo.co.in

Dr. Swati Patil 3165 drswati246(@gmail.com

Dr. Hardik Thaker 3160 drhardikthaker@gmail.com
Dr. Prajakta Kude 3160 prajakta kudel3@gmail.com
Dr. Shankhini Deshpande 3160 shankhinid@gmail.com

Dr. Shariva Ranadive 3160 ranadiveshariva@gmail.com
Dr. Prathamesh Avhad 3160 prathiavhad@gmail.com

Address for correspondence :

Department of Pharmacology,
College Building, LTMMC & LTMGH,
Sion, Mumbai 400 022.
Tel.: 022-2406 3160 « E-mail: Itmghbulletin@gmail.com
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