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a  b  s  t  r  a  c  t

Severe  acute  respiratory  syndrome  coronavirus  (SARS-CoV-2),  a novel  corona  virus,  causing  COVID-19
with  Flu-like  symptoms  is the  first  alarming  pandemic  of  the  third  millennium.  SARS-CoV-2  belongs
to  beta  coronavirus  as  Middle  East respiratory  syndrome  coronavirus  (MERS-CoV).  Pandemic  COVID-19
owes  devastating  mortality  and  destructively  exceptional  consequences  on  Socio-Economics  life  around
the  world.  Therefore,  the  current  review  is redirected  to the scientific  community  to owe  comprehensive
visualization  about  SARS-CoV-2  to tackle  the current  pandemic.  As systematically  shown  through  the
current  review,  it indexes  unmet  medical  problem  of COVID-19  in  view  of  public  health  and  vaccina-
tion  discovery  for  the  infectious  SARS-CoV-2;  it is currently  under-investigational  therapeutic  protocols,
Flatten the curve
Vaccination
Viral pandemic
Infectious diseases

and  next  possible  vaccines.  Furthermore,  the  review  extensively  reports  the  precautionary  measures
to  achieveC̈OVID-19/Flatten  the  curve.̈  It is concluded  that  vaccines  formulation  within  exceptional  no
time  in  this  pandemic  is  highly  recommended,  via  following  the  same  protocols  of previous  pandemics;
MERS-CoV  and  SARS-CoV,  and  excluding  some  initial  steps  of vaccination  development  process.

© 2020  The  Author(s).  Published  by  Elsevier  Ltd on  behalf  of King  Saud  Bin  Abdulaziz  University  for
Health  Sciences.  This  is an  open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
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phology is created by the viral spike that determines host tropism.
Introduction

On 31 December 2019, World Health Organization (WHO) was
alerted to a cluster of pneumonia patients in Wuhan City, Hubei
Province of China. One week later, on 7 January 2020, Chinese
authorities confirmed that they had identified a novel (new) coro-
navirus as the cause of the pneumonia (Chart 1 ). The proposed
interim name of the virus is 2019 nCoV [1].

Since the first cases were reported, WHO  and its partners have
been working with Chinese authorities and global experts to learn
more about the virus, including how it is transmitted, the popula-
tions most at risk, the spectrum of clinical disease, and the most
effective ways to detect, interrupt, and contain ”human to human”
transmission [2].

This strategic preparedness and response plan outline the public
health measures that the international community stands ready
to provide to support all countries to prepare for and respond to
2019-nCoV. The document takes what was learned so far about the
virus and translates that knowledge into strategic action that can
guide the efforts of all national and international partners when
developing context-specific nationally and regionally operational
plans [3].

The world is grappling with an unprecedented pandemic. Peo-
ple across the globe fear the impact on the health of individuals and
communities, and the global economy is taking a significant hit [4].
As COVID-19 continues to spread, healthcare organizations (HCOs)
and Healthcare professionals (HCPs) are doing their parts, which
includes not only developing vaccines and treatments, but also
keeping the public informed about the work underway [5]. All HCPs
and HCOs are committed to supporting patients, healthcare work-

ers, and healthcare authorities as They face this unprecedented
health crisis [6]. The top priority is to continue making and deliv-
ering medicines that patients rely on while protecting employees,
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heir families, and communities [7]. Equally important, we must
nsure that the lessons, we  are learning during this pandemic, help
park positive, lasting changes, and stronger health systems [8].

Viruses mutate and can sometimes be harmless or sometimes
e dangerous, like COVID-19. A vaccine needs to be tailored made
o that strain. Developing a vaccine from scratch takes years, but
e can leverage what we have learned from previous efforts and
otentially shorten the development timeline [9].

Systematically, the current review discusses COVID-19; in view
f viral background, diagnostic symptoms, proposed therapeutic
rotocols, socio-economic risks of COVID-19, public health man-
ers, COVID-19 progression, the potential role of nanotechnology

n COVID-19 therapy, and vaccination promises (Fig. 1).

ackground on viruses

A virus is a microorganism that functions and replicates only
nside living cells of other organisms (host cells). Viruses replicate
y utilizing part of the host cell’s cellular mechanisms. The spe-
ific mechanism depends on multiple factors, such as the individual
irus and cellular tropism; ”How viruses have evolved to target
pecific hosts, tissues, or cell types?” (Fig. 2 and 3) [10,11].

ackground on coronavirus

Coronavirus is derived from the Latin corona meaning crown
r halo, which refers to the characteristic appearance of virions
the infective form of the virus) by electron microscopy. The mor-
oronaviruses are enveloped viruses with a positive-sense single-
tranded RNA genome (Fig. 4). In humans, coronaviruses cause res-
iratory tract infections that are typically mild, such as some cases



M. ElBagoury et al. Journal of Infection and Public Health 14 (2021) 389–416

Chart 1. Timeline stages of COVID-19 outbreak.
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Fig. 1. Flowchar

of the common cold. Rarer forms such as SARS, MERS, and SARS-
CoV-2 can be lethal, typically due to respiratory failure, sepsis, and
renal failure [12,13].

Background on COVID-19
COVID-19 is a respiratory illness caused by a newly identified
coronavirus, SARS-CoV-2 [14,15]. The current COVID-19 outbreak
originated in Wuhan, China, in late 2019 [16]. World Health Organi-
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e review index.

ation (WHO) has been to characterized the outbreak as a pandemic
n 11 March 2020 [17]. The worldwide COVID-19 caseload is ris-
ng rapidly on a daily basis, particularly outside of mainland China,

here the epicenter of the virus is shifting from China to other
egions of the world; United states of America, Brazil, Iran, Europe,

outh Korea, etc. [18].

Symptoms of COVID-19 vary by case but typically include fever,
ry cough, and fatigue as flu-like symptoms (Table 1) and some
ignificant symptomatic difference (Table 2). Some patients may
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Fig. 2. Structure of a Virus.

Fig. 3. Lifecycle of a Virus.

Table 1
Similarities Between COVID-19 and the Flu [15].

Symptoms Can cause fever, cough, body aches, fatigue, and
sometimes GI symptoms.
Can be mild or severe, rare fatal cases.
Can result in pneumonia.

Transmission Can be spread through droplets in the air
(coughing, sneezing, and talking).

Treatment Not treatable with antibiotics.
May  be treated by addressing symptoms, such as
reducing fever.
Severe cases may  require hospitalization and
support such as mechanical ventilation.

Prevention Preventable by frequent, thorough hand washing,
coughing into the crook of your elbow, staying
home when sick and limiting contact with people
who are infected.

Table 2
Differences Between COVID-19 and Flu [15].

Cause COVID-19: Caused by the novel 2019
coronavirus, now called, SARS-CoV-2.
Flu: Caused by any of several different types
and strains of influenza.

Transmission Possible difference: COVID-19 might be spread
through the airborne route.

Antiviral Medications COVID-19: None currently.
Flu: some available; can help manage
symptoms/duration.

Vaccines COVID-19: None currently.
Flu: vaccine available.

Incubation Period COVID-19 incubation period seems to be ∼14
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prevalent rumors that can potentially harm the public’s health,
Fig. 4. Cross-sectional Model of Coronavirus.
experience myalgia, nasal congestion, sore throat and/or diarrhea.9
No neurologic symptoms specific to COVID- 19 infection have been
reported to date. An onset of symptoms is typically gradual and
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days.
Flu incubation period is 2 ∼ 3 days.

orsens over time; however, not all infected patients will feel ill or
ecome symptomatic [9].

Research to date suggests that COVID-19 is transmitted pri-
arily through contact with respiratory droplets in the air and on

urfaces [18]. There appears to be increased burden of disease with
OVID-19 compared to the flu, with potentially higher morbidity
ased on current numbers. The WHO  reports a global mortality rate
f 3.4% as of 12 March 2020 [19] making COVID-19 more lethal than
ost strains of seasonal influenza, which are associated with mor-

ality rates of 0.1−0.2% [20]. However, it is important to note that
his is a novel virus and the N of total infected worldwide is not
urrently known; therefore, additional data are needed to quantify
he mortality rate relative to risk following infection. Additionally,
ome epidemiologists hypothesize that the true CFR of COVID-19
s lower than that reported by the WHO  due to overall undercount-
ng/underreporting of COVID-19 cases (because of either mild or
nrecognized disease or a lack of available testing [21].

Current data also suggest that risk of complications and death
rom COVID-19 increases with age and in the presence of comor-
idities such as cardiovascular disease, chronic respiratory disease,
iabetes and cancer [21,22].

isk communication and management

Due to the high demand for timely and trustworthy information
bout 2019-nCoV, WHO  technical risk communication and social
edia teams have been working closely to track and respond to
yths and rumors (Fig. 5) [16].
WHO  and partners are working 24 h a day to identify the most
uch as false prevention measures or cures. These myths are then
efuted with evidence based information. WHO  and partners are
aking public health information and advice on the 2019-nCoV,
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Fig. 5. Country risk and vulnerability mapping.

including MythBusters, available on social media channels includ-
ing; Weibo, Twitter, Facebook, Instagram, LinkedIn, Pinterest, and
organizational websites [16].

In addition, an expanding group of global response organiza-
tions such as the United Nations Children’s Fund (UNICEF) and the
International Federation of Red Cross and Red Crescent Societies
(IFRC) are coordinating efforts with WHO  to ensure that biomedi-
cal recommendations can be applied at the community level. These
organizations are active at the global, regional, and country level to

ensure that affected populations have a voice and are part of the
response. Ensuring that global recommendations and communica-
tion are tested, adapted, and localized will help countries better
control the 2019-nCoV outbreak [23].
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ocio-economics consequences of COVID-19

Dramatically, Pandemics such as COVID-19 display catastrophic
onsequences to the potentiality of the global economies; insur-
nce industry, healthcare systems; to uncover the dually risky
rosstalk of COVID-19/Socio-economics consequences [24], as
ollows; currently, World is facing extraordinary challenges; com-

unity quarantines, lockdowns and restrictions of travel. These
recautionary measurements have wide economic and social
ffects. It is reported that strong policies and active actions of some
ountries demonstrated COVID-19 efficiently and effectively, while
uge challenges have been faced by the poor countries that have not
ood healthcare system. Diseases that are infectious like tuberculo-
is, malaria and non-communicable like cancer and cardiovascular
re high in countries that have low to medium income. Therefore,
hese countries are more prone to manmade and natural disasters.
ack of coronavirus spread control becomes risk of millions lives
25]. COVID-19 leaves a great impact on the industries. Currently,
raph of economic decrease in term of profit, market share, and
table assets while increase for claims for both life and non-life
nsurance companies which have increased during this pandemic
26].

OVID-19 impact on immigrants
Poverty, lack of affordable, readily available healthcare that is

specially relevant during COVID-19 pandemic. Early diagnosis
nd surveillance of people with COVID19 are important both for
aximizing the recovery of the individual patient and for pre-

enting further transmission to the population. There are also
isadvantaged immigrants who  are under- or uninsured; mostly,

mmigrants live in a same home or many people lives in a same
oom. So, there are many chances of spread of COVID-19. Thence,

hey have a limited proficiency of English language. Therefore,
hey cannot read the public services massages [27]. Additionally,
mmigrants play a significant role in the economy by paying taxes;
ndividual Taxpayer Identification Numbers (ITINs) is assigned to

nanobody vaccination [110].
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Fig. 7. miRNA-based therapy as anti SARS-CoV-2 via: A) Viral proteins crucial in survival and replication of SARS-CoV-2; miRNA targets 1) ACE2 or/and 2) TMPRSS2 which
consequently suppress the viral entry to the host cells, B) Host factors of cellular entry and trafficking of SARS-CoV-2; after the virus enters the host cells, it starts 1) Uncoating
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stage  for its RNA release, for 2) Viral RNA synthesis by replication machinery syste
4)  Viral assembly and maturation; to stop these stages, miRNA suppress viral protei
assembly and maturation. C) CRISPR-based therapy; it acts via degradation or muta

individual. Due to pandemic, individuals did not get benefit any
COVID-19 related relief. There is much concern that the COVID-19
pandemic will result in particularly high rates of unemployment
and financial strain within immigrant communities. It also affects
the people who have jobs of low wage. Workers that were con-
nected with the service of immigrant have badly affected, for the
stop of negative impact of COVID-19 on tourism and travel sector.
Due to the fears that COVID-19 is transmitted to the workers of
food service and immigrants, hotels apply a significant effect on
the physical and mental health [28].

COVID-19 impact on employment
Labors have global concerns which are affected by COVID-19.

People, having low income jobs, absence of insurance, a limited
access of healthcare, and lack of backup savings, are at risk. This
implies that already disadvantaged groups will suffer dispropor-
tionately from the adverse effects. Policy makers in the Global South

have responded to the adverse employment and income effects
of the pandemic with a range of measures; cash transfers to the
poor and loans to small enterprises to keep them financially afloat
[29,30].
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sequently, 3) Viral protein synthesis of structural and non-structural proteins for
hesis by targeting viral RNA synthesis. Eventually, it results in suppression of viral
f viral RNA.

OVID-19 with household and poverty
Interruptions in business and shutdowns for the measures of

ocial distance due to COVID-19 pandemic lead to severe economic
hock throughout the World. For the estimation of COVD-19 impact
n saving, poverty, consumption and the income of household a
odel is developed known as “A microeconomic model”. It assumes

wo periods; 1 st is a crisis period, 2nd is a recovery period. This
s a first step for the quantification of household scale impacts of
OVID-19 to a regional level. This will help to discover the effects
hat are created by indirect macroeconomic, uncertainty that is in
ouseholds and exogenous shocks which effects simultaneously
31,32].

nfection prevention and control

Infection prevention and control (IPC) measures are absolutely
ssential to ensure healthcare workers are protected from infection
ith 2019-nCoV and amplification events in healthcare facilities.

n Infection prevention and control (IPC) programme at national
nd facility level with a dedicated and trained team, or at least an
PC focal point, should be in place and supported by the national
uthorities and facility senior management [33].
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In countries where IPC is sub-optimal or limited, partners will
need to support national authorities to ensure that at least mini-
mum  requirements for IPC are in place as soon as possible, both at
the national and facility level, and to gradually progress to achieve-
ment of all requirements of the IPC core components according to
local priority plans [34].

Partners should support national authorities to undertake a risk
assessment of IPC capacity at all levels of the healthcare system
(includes availability of triage and appropriately ventilated isola-
tion rooms) and, on the basis of this assessment, define a referral
pathway in collaboration with case management capacity. Particu-
lar attention should be given to ensuring IPC compliance with basic
IPC principles at the first point of care (usually primary care) [3].

Capacity for triage, early recognition, standard precautions, iso-
lation capacity, and referral procedures should align with WHO
IPC guidance in 2019-nCoV. If supplies are needed to implement
recommended protocols (e.g., hand hygiene resources, personal
protective equipment, environmental cleaning, and waste manage-
ment), partners should assist national authorities in procurement
and supply where appropriate [35].

Patterns and disruption in drugs Purchase

The risk of shortages of several essential medicines has been
increased; it raised the alarm due to COVID-19 pandemic. Contex-
tually, China manufactures raw materials “active pharmaceutical
ingredients”, the basic molecules used to make drugs for many
key drugs such as antibiotics and statins, and then exported to
high populous countries such as India for being formulated into
tablets or injections, for sale worldwide. However, these manufac-
turing capacities have been disrupted by efforts to contain the virus
[36,37].

As the manufacture process in China is privileged by being
cheap, 70% of the raw materials, procured by the Indian compa-
nies, are sourced from China [38]. Notably to be said that during the
Chinese COVID-19 epidemic, a significant disruption has been con-
fronted by the Chinese pharmaceutical factories, as a consequence
of the Chinese precautionary measures; workers were quarantined
and transport between factories was disrupted. It resulted in drastic
decline in the Chinese capacities to produce the pharmaceutical raw
materials. Hence, the Indian companies have lost its productivity
power to formulate and export the same volume of medicines [36].
As a consequent response to shortages, India has taken a decision to
prioritize its people with essential medicines first. Recently, India
forbidden the exports of the key medicines; antibiotics, statins,
and paracetamol. This could wreak havoc, in the long-term, on the
National Health Service (NHS) supply line. Despite some Chinese
factories have reactivated their productivity capacities, it is not
clear when production will be fully restored, or when India will
lift its restrictions on drug exports.

In the short-term result of no-deal Brexit planning, the NHS
has reserved a supply of drugs to stop shortages from occurring.
However, these contingency plans will not persist forever [36]. Past
drug shortages were investigated, albeit on a smaller scale; in 2008,
there were shortages of raw materials in China, after Chinese fac-
tories were closed near Beijing for three weeks during the Olympic
Games. In 2019 an epidemic of swine flu in China depleted the
global supply of heparin, an essential medicine to prevent heart
attacks. In Puerto Rico, Hurricane Maria damaged another factory
making heparin, which disrupted supplies of the drug in 2017 [36].

The impacts of COVID-19 pandemic will persist for months or for
years. This will expose the vulnerabilities of our drug supply chain.

We need to get a new application of new stress tests to the drug sup-
ply chain; ”How will the health authorities cope if Chinese supplies
are continually disrupted?”, and ”How will it be affected by disrup-
tions to supplies of drugs from other countries, such as Italy?”. For
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ach essential medicine, ”are there alternative suppliers in other
ountries?”, and ”Are there alternative drugs that patients could
ake if one drug is no longer available?”. As a previous experience,
tress tests were applied to the banking system after the financial
risis of 2008. Our supplies of medicines are equally pivotal and
hould be considered in similar ways [36].

Instead of relying on imports, countries should re-evaluate the
ase for manufacturing more medicines Locally, specially coun-
ries which have long history of pharmaceutical development [36].
uring the Second World War, Glaxo Laboratories in the UK manu-

actured 7.5 billion tablets of penicillin a year. Now, however, both
he UK and US depend on supplies of penicillin from China [36]. The
OVID-19 crisis is a chance to do capitalism differently [36].

Human trials for a coronavirus vaccine have been launched in
pril 2020. However, before a vaccine is ready, we  will need to
nsure that key drugs to treat the symptoms of coronavirus are
vailable for everyone who needs them. Pilot studies from France
nd the US suggest that hydroxychloroquine can lessen the sever-
ty of coronavirus infection. A clinical trial in Shanghai is currently
valuating whether pirfenidone could improve lung function for
eople with severe disease. More definitive clinical trial results of
hese and other drugs are expected in May  and June [36].

These drugs are already being manufactured in other countries.
ut the acute worldwide demand for drugs to treat coronavirus
ould easily outstrip supply. In times of shortage, other countries
ould stockpile their supplies to treat their own  people. Like India,
hey may  be unwilling to export drugs to the UK [36].

Supply chains are only as strong as their weakest links. If new
reatments for coronavirus emerge in the next few months, the UK
annot afford to be the last link in a vulnerable chain. The gov-
rnment has already requested that UK companies manufacture
ore ventilators and protective masks. It should do the same with

he UK pharmaceutical industry, repurposing factories to produce
rugs that help treat coronavirus and any other essential medicines
t risk of shortage [36].

reatment options of COVID-19

While a vaccine could be more than a year away to be avail-
ble, investigating repurposing products “New use of old drugs”
or the management of COVID-19, with the appropriate regulatory
uthorities (Table 3) [39–42], as follows:

hloroquine and Hydroxychloroquine: promises and doubts

There has been increased interest by local governments to uti-
ize Plaquenil® (Hydroxychloroquine) as a potential treatment for
OVID-19, based on preliminary results from independent stud-

es from countries such as China and France [117]. Plaquenil® has
urrent indications in more than 60 countries [118]. For the Prelimi-
ary Study Results; to date, there is insufficient clinical data to draw
ny final conclusions over the clinical efficacy or safety of hydroxy-
hloroquine (or Chloroquine) in the management of COVID-19. The
reliminary results from different independent studies require fur-
her analysis and more robust and larger clinical studies to confirm
he patient benefit/risk profile of Plaquenil® in COVID-19 [119].

ontroversy about Chloroquine in the treatment of Covid-19
Antimalarial drug, chloroquine (CQ) has been shown to have

otential anti-SARS-CoV-2 activity and has achieved promising
esults in clinical treatments [120,121]. Due to its anti-viral proper-
ies, CQ has been suggested for the treatment of COVID-19 in many

egions and countries [122]. Medical and research field cannot for-
ulate a final decision about Chloroquine in the treatment and

revention of COVID-19 due to lack of knowledge about its safety,
fficacy, side effects, dose and combination [123]. These drugs have
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Table  3
A list of repurposing drugs (FDA approved, under-clinical trials and new hypothetical approaches) of the treatment options as anti-COVID-19; in view of the drugs main
indication/the hypothetical repurposing indication as anti- COVID-19.

Repurposing products Main indication/Expected mechanism of action as anti SARS-CoV-2 (Repurposing
indication)

Status in COVID-19
management

Refs

VEKLURY®

(Remdesivir)
An adenosine analog with antiviral activity. A hypothetical mechanism of antiviral
action of remdesivir is its incorporation into the nascent RNA chain of the virus
causing a prematurity for viral cycle termination; it is a post virus entry stage.

FDA approved [43,44]

Aviptadil A vasoactive intestinal polypeptide (VIP) administered to treat erectile
dysfunction/ Block inflammatory cytokines.

FDA approved [45,46]

Dexamethasone A synthetic potent long-acting broad-spectrum corticosteroid for immune system
disorders.
Repurposing as anti-COVID-19 (Hypothesis):
Potential anti-inflammatory containing the cytokine storm related to COVID-19.

FDA approved [47–49]

ACTEMRA®

(Tocilizumab)
KEVZARA® (Sarilumab)
SYLVANT® (Siltuximab)

-Interleukin-6 (IL-6) antagonists blocking the binding of IL-6 (a pro-inflammatory
cytokine) to IL-6 receptors resulting in the suppressing of T cell activation,
promoting of immunoglobulin secretion, initiation of hepatic acute-phase protein
synthesis, and proliferation, differentiation, and stimulation of hematopoietic
precursor cell.
-Indicated for adults suffering from moderately to severely active rheumatoid
arthritis (RA) with an inadequate response or intolerance to ≥1 disease-modifying
antirheumatic drugs (DMARDs).
Repurposing as anti-COVID-19 (Hypothesis):IL-6- receptor inhibitors; a key
cytokine resulting to an inflammatory storm increasing alveolar-capillary
blood-gas exchange dysfunction, especially impaired oxygen diffusion, and
eventually cause pulmonary fibrosis and organ failure. It has a potential effect of
an  improvement of immune damaging, lung functional injuries and arterial
oxygen saturation.

Under clinical trials [50–52]

Chloroquine
Plaquenil®

(Hydroxychloroquine)

Strong Immunomodulant antimalarial agents with broad-spectrum antiviral
activity. Hydroxychloroquine is a common drug in many autoimmune disorders;
lupus and rheumatoid arthritis.
Repurposing as anti COVID-19 (Hypothesis):
Expected to act as anti-COVID-19 by:
-  Inhibiting pH-dependent viral fusion and replication.
- Inhibiting viral assembly in endoplasmic reticulum-Golgi intermediate like
structures.
-  Its immunomodulatory effect through cell signaling pathways and regulating the
action of pro-inflammatory cytokines that can enhance its antiviral effect
synergistically

Under clinical trials [53–55]

Corticosteroids and NSAIDs
(Ibuprofen)

Non-selective, reversible inhibition of the cyclooxygenase enzymes COX-1 and
COX-2, for the treatment of rheumatoid arthritis (RA) and juvenile rheumatoid
arthritis (JRA), juvenile idiopathic arthritis (JIA), pain and fever.
Repurposing as anti-COVID-19 (Hypothesis):
Used in the management of SARS/MERS-CoV outbreaks via Inhibiting the immune
response and so the clearance of COVID-19 could be delayed.
Corticosteroids have the disadvantage:
-  Increasing incidence of secondary bacterial and fungal infections.
-  Suppressing inflammatory response, highly responsive to the lung damage and
acute respiratory distress syndrome (ARDS) during viral infection.

Under clinical trials [56,57]

DUPIXENT® (Dupilumab) Fully human monoclonal antibody of an interleukin-4 receptor alpha-antagonist
inhibiting IL-4 signaling via the Type I receptor; IL-4 and IL-13 signaling via the
Type II receptor resulting in declined IL-4 and IL-13 cytokine-induced responses of
the release of pro-inflammatory cytokines, chemokines, and IgE, indicated for the
treatment of adult patients suffering from moderate-to-severe atopic dermatitis.
Repurposing as anti-COVID-19 (Hypothesis):
Via inhibiting IL-4 and IL-13, It is expected to reverse the following immunological
reactions which result in lung impairment due to COVID-19:
-CD4 + T and CD8 + T cells display a potential antiviral activity via balancing the
reaction against SARS-CoV-2. CD4 + T cells induce the production of virus specific
antibodies by promoting T-dependent B cells, while CD8 + T cells are cytotoxic
killing cells infected by the virus.
-Infection promotes T cells to differentiate in various subsets; T-helper1 (Th1),
Th17, and subsequent massive release of pro-inflammatory cytokines; interleukin
(IL)-1, IL-6, IL-8, IL-21, TNF�, and MCP1. The high production of these mediators
due to viral persistence (cytokine storm) results inhibiting CD8 + T cells activation.

Under clinical trials [58–60]

Nafamostat-Mesilate and
Gabexate-Mesilate

A synthetic serine protease, used in trials studying the prevention of Liver
Transplantation and Post-reperfusion Syndrome, and as an anticoagulant therapy
for  patients of continuous renal replacement therapy due to acute kidney injury
Repurposing as anti-COVID-19 (Hypothesis):
Blocking TMPRSS2-dependent host cell entry of SARS-CoV-2, where the
SARS-CoV-2 spike protein (S) undergoes endocytosis into the viral envelope and
mediates viral entry into cells; it depends on the cellular enzyme transmembrane
protease serine 2 (TMPRSS2) cleaving and promote the S protein. SARS-CoV.
Hence, TMPRSS2 is crucial for spread of SARS-CoV.

Under clinical trials [61–63]
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Table  3 (Continued)

Repurposing products Main indication/Expected mechanism of action as anti SARS-CoV-2 (Repurposing
indication)

Status in COVID-19
management

Refs

KALETRA®

(Lopinavir/Ritonavir)
Protease Inhibitor; inhibitors of Gag-Pol polyprotein precursor’s cleavage causing
the formation of immature, noninfectious viral particles where ritonavir in
combination with lopinavir act as a pharmacokinetic enhancer by inhibition of
lopinavir inactivation metabolism, indicated as anti-HIV.
Repurposing as anti-COVID-19:
Expected to be anti-protease of SARS-CoV-2, via:
Inhibition of the viral activity of 3CLpro, thereby suppressing the process of viral
replication and release from host cells

Under clinical trials [64–66]

Ribavirin - A nucleoside antihepaciviral agent (anti- hepatitis C virus); Antiviral action
against RNA and DNA viruses; inhibition of inosine monophosphate
dehydrogenase (IMPDH) cellular protein diminishing intracellular GTP which
inhibits RNA replication of viral genomes, so viral growth might be disrupted.
-  Alternatively, its immunomodulatory effects are by suppression of IL-10.
Inhibition of RNA polymerase activity and therefore inhibition of initiation and
elongation RNA fragments are inhibited, so viral protein synthesis could be
inhibited.

Under clinical trials [67,68]

Azithromycin A macrolide antibiotic, indicated for community-acquired pneumonia,
pharyngitis/tonsillitis/Expected to decrease the virus entry into cells.

Under clinical trials [69]

Interferon alpha
(IFN-�)

Inhibitor of various stages of viral replication; viral entry, uncoating, mRNA
synthesis and protein synthesis, used for hepatitis management.

Under clinical trials [70–73]

Teicoplanin A glycopeptide antibiotic/Booster for the endosomal pH inhibiting low-pH viral
cleavage of spike protein in endosome by Cathepsin L; it results that genomic RNA
release and replication of viral life cycle are avoided.

Under clinical trials [74–76]

Favipiravir RNA-dependent RNA polymerase (RdRp) inhibitor. It displays antiviral effects
against variant RNA viruses; Coronaviruses and Influenza viruses via being
metabolized to an active form, favipiravir-RTP, as a substrate for viral RNA
polymerases. Via binding of favipiravir to viral RNA polymerase, RNA polymerase
activity would be inhibited.

Under clinical trials [77,78]

Arbidol®

(Umifenovir)
A broad-spectrum antiviral effective agent against enveloped and non-enveloped
RNA or DNA viruses; influenza virus type A and B, respiratory syncytial virus,
SARS-CoV, adenovirus, HCV.
Repurposing as anti-COVID-19 (Hypothesis):
Expected to inhibit viral fusion with targeted membrane preventing the viral
entrance to targeted cells.

Under clinical trials [79–81]

Vitamin  C
Ascorbic acid

An antioxidant agent acting as a co-factor of many physiological reactions for
immune augmentation; high dose intravenous (IV) vitamin C would be A potential
agent in sepsis and septic shock management.
Repurposing as anti-COVID-19 (Hypothesis):
High dose vitamin C has dual effects;
-  A pro-oxidant agent for immune cells and as an antioxidant agent for lung
epithelial cells.
- Inhibition of lactate secretion from immune cells preserving the innate immunity
of  alveolar epithelial cells type II.

Under clinical trials [82–85]

Ivermectin
(Stromectol)

A  macrocyclic lactones (semi-synthetic derivative of avermectins) causing an
influx of Cl- ions via the cell membrane of invertebrates by induction of specific
ivermectin-sensitive ion channels; it results in hyperpolarization leads to muscle
paralysis treating; nematode parasites, arthropod ectoparasite infestations such as
scabies.
Repurposing as anti-COVID-19 (Hypothesis):
Suppressing the importin (IMP) �/� receptor; this is crucial for transmitting viral
proteins into the host cell nucleus.

Under clinical trials [86–89]

Kineret
(Anakinra)

Blockade of IL-1� and IL-1� act via IL-1 receptor 1 to induce the inflammatory
cytokines and TNF� production; it results in the inflammatory cascade. The
inflammasome is a complex of distinct proteins converting inactive
prointerleukin-1� to active IL-1�, indicated for declining symptoms and delaying
the  progression of structural damage active rheumatoid arthritis (RA)
Repurposing as anti-COVID-19 (Hypothesis):
The SARS-CoV-2 causes epithelial damage resulting in the release of IL-1�; it
recruits neutrophils and monocytes to the infectious site activating IL-1� in
monocyte/macrophages. Additionally, the SARS-CoV-2 induces pro-IL-1� in
monocyte/macrophages which induce consequently more IL-1 which recruits and
induces further innate immune cells; This autoinflammatory loop, where IL-1�
and  IL-1�, can promote production and release of further IL-1 has to be regulated
as  an ongoing loop will induce and recruit furthr innate immune cells independent
of the initially primary trigger. Anakinra blocks the IL-1 receptor (IL-1R). Hence, it
prevents autoinflammation via blockade activity of IL-1� released from dead
epithelial cells, and IL-1� produced by immune cells. IL-1-induced IL-6 will also be
suppressed. The autoinflammatory loop can exacerbate from increase innate
immune response into uncontrolled macrophage activation syndrome (MAS) a
spectrum that associates with increasing ferritin levels.

Under clinical trials [90–94]

Jakafi®

(Ruxolitinib)
A selective monoclonal antibodies targeting IL-6 and suppressor of JAK1 and JAK2,
for  the treatment of myelofibrosis (MF), polycythemia vera, and steroid-refractory
acute graft-versus-host disease (SR-aGVHD).
Repurposing as anti-COVID-19 (Hypothesis):
Via inhibitory activity on the cytokine storm associated with COVID-19 given that
IL-6.

Under clinical trials [95–97]
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Table  3 (Continued)

Repurposing products Main indication/Expected mechanism of action as anti SARS-CoV-2 (Repurposing
indication)

Status in COVID-19
management

Refs

Colchicine Tubulin-Colchicine Complex; an inhibitor of mitosis and microtubule assembly
bound to soluble, non-polymerized tubulin heterodimers to formulate a
tubulin-colchicine complex. It interferes with microtubule formation and
elongation, and colchicine induces microtubule de-polymerization, indicate for
gouty arthritis.
Repurposing as anti-COVID-19 (Hypothesis):
Coronaviruses, members of the Nidovirales order, are enveloped; positive-sense,
single-stranded RNA viruses, redirecting and readjusting host cell membranes for
custom as part of the replication of viral genome and transcription; it moves in the
cell in a pattern of correspondence to microtubule-associated transport, activating
the formulation of double-membrane vesicles in infected cells. The infected cells
by  coronaviruses include the interaction of the cytoplasmic tail of the spike
protein with cytoskeletal proteins; It results in viral entry. Additionally,
microtubules are involved in the transport and assembly of spike proteins into
virions during the replication cycle. The colchicine-tubulin complex may block
viral entry and replication.

Under clinical trials [98–102]

Convalescent Plasma (FDA approved)
-Suppressing viremia by antibodies.
-Antibody-dependent cellular cytotoxicity, complement activation and
phagocytosis (ADCP).
-Modification of inflammatory response, accomplished during the early response.
-Suggestion: apart from the direct anti-viral properties, plasma components can
provide other beneficial actions; restoring coagulation factors.

[103–107]

Nano-bodies Therapy (Under clinical trials)
Naturally arising single-domain antibody fragments isolated from camelid/ alpaca / llamas variable heavy-chain (VHH) antibodies; they display a
uniqueness of biophysical properties of small size and thermo-stability, which permit nebulized administration (Fig. 6).
An  alpaca nano-body Isolated from an alpaca-derived single domain antibody fragment, Ty1; with

specificities to receptor binding domain (RBD) of the SARS-CoV-2 spike, directly
suppressing ACE2 engagement, bound to the RBD, obstructing ACE2; it binds to an
epitope on the RBD accessible in both the ‘up’ and ‘down’ conformations, sterically
lagging RBD-ACE2 binding. Ty1 neutralizes SARS-CoV-2 spike pseudo-virus as a
12.8  kDa nano-body.

[108–111]

MicroRNAs/ siRNA
CRISPR/Cas13

Nucleic acid-based therapy
MicroRNAs/CRISPR
-Class of non-coding RNAs of RNAs 18 ∼ 25 nucleotides (nt) in length, with
potential roles in post-transcriptional regulation of gene expression via
complementary binding to the 3′-untranslated regions (3′-UTRs) of target gene
mRNA to promote mRNA degradation and translational repression resulting in
protein biosynthesis inhibition.
-Clustered Regularly-Interspaced Short Palindromic Repeats (CRISPR) has adapted
from the prokaryotic adaptive immune system CRISPR-associated (Cas) system,
used as a novel and specific genome editing tool for other organisms.

[112–116]

Mechanism of action as anti-COVID-19 (Hypothesis), via:
Host factors of cellular entry and trafficking of SARS-CoV-2 (Fig. 7A).
Viral proteins crucial in survival and replication of SARS-CoV-2 (Fig. 7B).
-ACE2 and TMPRSS2 are crucial receptors identified to facilitate the activation and
binding of SARS-CoV-2, and its entry to the host cell; host miRNA 27b regulates
ACE2 and viral miRNA 147–3p targets TMPRSS2, in case that therapeutic miRNAs
can be delivered to the cells, binding of SARS-CoV-2 spike protein to these
receptors can be suppressed.
-Designing a synthetic miRNA complemented to 3′ translated region (3′ UTR) of
Open Reading Frame (ORF-9) of SARS-CoV-2 at encoding a nucleocapsid
phosphoprotein (N); it acts a key functional role both structural and
non-structural roles in infection via forming the viral capsid and interacts with the
viral membrane protein during assembly. Hence, it is hypothetical that targeting
this  gene may  suppress the process of viral particle assembly.
-Predictively, Six host miRNAs; let-7a, miR-101, miR-126, miR-23b, miR-378, and
miR-98 act as anti-SARS-CoV-2 target genes of nonstructural protein (nsp),
nucleocapsid and spike glycoprotein.
-Via computational design of specific guide-RNA complementary to a sequence
site  of the viral RNA, CRISPR displays potentiality of Inhibition of viral function and
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non-structural proteins (NSP1-NSP16), acce
ORF1a/b (Fig. 7C).

certain limitations and toxicity, especially on the heart and eyes
[124].

CQ, as sulfates and phosphates, is known as antimalarial drug.
In recent times, it is widely used for the treatment of auto-immune

diseases and has been observed that it shows immunomodulatory,
anti-infective and metabolic effects [125]. Despite of its anti-viral
effects, the use of chloroquine as a treatment of COVID-19 is still at
an issue. The European Medical Agency had allowed the use of CQ
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 proteins, and ORF1−10, and

nly for trials and urgent purposes [126]. This is because; despite
f having anti-viral effects chloroquine has many other side effects
specially if it is used in higher doses [126]. The patients, who have
sed CQ for a longer period, were suffered from many irreversible

ide effects such as retinal diameter defects and retinopathy circu-
ar defects. This is because this drug accumulates in the eyes if used
or longer period. This can cause irreversible damage to eyesight
nd even it can cause blindness [127].
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Various irreversible and fatal side effects of CQ on heart such
as, conduction disorders and cardiomyopathy are also observed.
Therefore, the use of CQ in combination with other drugs should
be stopped to prevent heart diseases [128]. Further when chloro-
quine is used, it causes an increase in pH of the human body which
affects several organelles. When it enters the cell it causes an acidic
pH in organelles such as endosomes, Golgi vesicles and lysosomes,
therefore causes destruction of organelles [129,130]. It has been
also observed that CQ negatively influences immune system. After
its administration during COVID infection the immune effect pro-
duce by CQ is still uncertain. Therefore it may  be harmful to use it
before proper trials [131].

Furthermore, the self-administration of CQ during COVID infec-
tion is fatal due to toxicity caused by overdose [132]. The clinical
pharmacology and mode of action is unpredictable due to its com-
plex properties [54]. Therefore clinical trials are required before
recommending or using CQ for the treatment of COVID infection
[133].

As the matter, CQ affects the proper function of cell. Therefore
the major medical institutions have recommended its use cau-
tiously by mentioning the dangerous side effects of CQ [134]. Hence,
at this point there are no clinical signs that chloroquine has advan-
tageous effects to use it for the treatment of COVID-19. The harmful
effects of chloroquine are known and they can be more severe
from psychiatric effect to arrhythmia, and may  cause sudden death.
Therefore until its approval it cannot be recommended [132].

Also the World Health Organization (WHO) still has not recom-
mended any antiviral medicines for the treatment of COVID 19. This
provides insufficient evidence regarding effectiveness of chloro-
quine [135]. The clinicians and health professionals are asking for
the evidences regarding the use of chloroquine for COVID-19 treat-
ment. There are very less and weak evidences regarding the use of
CQ due to the lack of clinical trials and misinterpretations [131].

Finally, at present there are inadequate evidences to determine
that chloroquine is advantageous and not harmful for the treatment
of Covid-19. Therefore high quality and deeply investigational clin-
ical trials are required regarding the use of chloroquine [136,137].

The risk of shortage in the outbreak

The situation is evolving very quickly, as many local govern-
ments and authorities are currently taking critical decisions to fight
against the Covid-19 outbreak [138].

Global community

Legacy of scientific discovery and experience with vaccine
development, licensure, and manufacturing that makes some com-
panies more-positioned to respond to emerging public health
threats such as COVID-19 [5].

Collaborations with medical institutions like the Biomedical
Advanced Research and Development Authority (BARDA), part of
the U.S. Department of Health and Human Services, to leverage pre-
vious work on a SARS vaccine and its recombinant vaccine platform
to unlock a fast path forward for developing a COVID-19 vaccine
[139].

The Coalition for Epidemic Preparedness Innovations (CEPI)
which launched in early 2017 in Davos, coordinates the devel-
opment of future vaccines against targeted epidemic pathogens
identified by WHO. Companies will continue to share their vac-
cine, R&D experience and expertise to CEPI through its Scientific

Advisory Committee [140].

Clinical program evaluating KEVZARA® (Sarilumab) in patients
hospitalized with severe COVID-19 to evaluate how KEVZARA®

may  be a potential treatment option for patients [141]. Follow-
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ng preliminary results of studies conducted in China and more
ecently in France, showing that anti-malaria drug, chloroquine
nd hydroxychloroquine, can have antiviral activity in COVID-19
nfection, companies work with local Health Authorities and sci-
ntific experts in countries heavily impacted by the outbreak to
nvestigate the benefit/risk profile of Plaquenil® (Hydroxychloro-
uine) in the treatment of COVID-19 and if requested by the local
overnments, to donate the product free of charge [119].

To date, there is insufficient clinical data to draw any conclu-
ions over the clinical efficacy or safety of hydroxychloroquine or
hloroquine in the management of COVID-19 [142], therapeutically
ombined with paracetamol and ibuprofen which are currently
sed as the main treatments to relieve patients from fever and pain
143].

ransmission

Transmission of COVID-19 occurs primarily through direct con-
act with an infected individual (e.g. handshake, hug, cohabitating)
r through respiratory droplets [144]. Respiratory droplets are
efined as particles with a diameter between 5–10 micrometers
hat originate from the respiratory tract and are produced when

 person coughs or sneezes [144]. Transmission via respiratory
roplets occurs when a person is within 1 m of an infected indi-
idual who  does something to create respiratory droplets, and the
roplets travel to the uninfected person’s eyes or mouth [144].
roplets can also land on surfaces and be transmitted to an indi-
idual who touches them and then their eyes or mouth before
ashing their hands [144]. Under ideal conditions the virus can

emain viable on a surface for several days, though it is killed almost
mmediately by household disinfectants or hand washing [145].
here is currently no data to suggest that the virus can become air-
orne under normal conditions [144]. Airborne transmission occurs
hen the virus is found in droplet nuclei, which are smaller than

espiratory droplets with a diameter of less than 5 micrometers
70]. These smaller droplet nuclei can travel much farther than res-
iratory droplets and can hang in the air for longer, which makes
ransmission far more likely [144]. COVID-19 can be aerosolized
nder specific circumstances, such as during endotracheal intuba-
ion, bronchoscopy, when turning a patient prone, performing CPR,
tc. [144]. While there is no strong evidence that under normal
onditions the virus can aerosolize, research into how long viable
iruses can be found in the air is still needed at this time [144].
oth asymptomatic and symptomatic individuals are infections,
nd there doesn’t appear to be a difference in viral load between
hem [146].

There has been some evidence that the virus can spread to
he intestines and therefore be transmitted via fecal matter [144].
hough there are no cases to date of viral transmission through the
ecal-oral route [144].

atient recovery and disease progression

The most common symptoms of COVID-19 are fever, dry cough,
nd tiredness [147]. Patients can also experience shortness of
reath, aches, and a sore throat [147]. Very rarely will diarrhea,
ausea, or a runny nose develop [15,147]. We  currently understand
hat there is a wide range of symptom presentations, ranging from
symptomatic carriers, to Acute Respiratory Distress Syndrome
ARDS) and major organ failure [148].

With around 25-30% of patients requiring intensive care due to

omplications like ARDS, acute lung injury, shock, and kidney fail-
re [148]. Though this percentage may  be higher, as it only includes
hose who went to the hospital and were tested, and it is possible
hat there are infected individuals who  develop moderate illness
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and do not seek treatment. In children the disease appears to be
mostly mild or asymptomatic [7]. Though, children, younger than a
year, have an increased risk of developing a critical condition [149].

There have been cases of pre-symptomatic transmission of
COVID19, where a not yet symptomatic patient spread the virus to
others. SARS-CoV-2 has an incubation time (time before symptoms
present but the virus is in the body), of approximately 3–5 days, and
some reports have put the range up to as high as 14 days [150–152].
The incubation time of SARS-CoV-2 appears to be similar to that of
SARS-CoV-1 and MERS [152].

The average time for recovery has been estimated to be around
24.7 days, with the average time from onset to death being around
18.8 days [152]. A study of 17 COVID-19 positive patients followed
their progression to try and understand how the disease develops.
The patients presented with an elevated temperature, heart rate,
and low oxygen saturation [153].

Lab tests identified leukopenia in a little over half of their
patients (52.9%) and lymphocytopenia in a little less than half
(47.1%) [153]. Also, they had elevated C-reactive protein (CRP)
levels, erythrocyte sedimentation rate (ESR), alanine aminotrans-
ferase, and aspartate aminotransferase levels [153]. High CRP and
ESR results are representative of inflammation in the body, prob-
ably as a result of the immune response to the virus, while high
alanine aminotransferase and aspartate transaminase levels indi-
cate liver damage.

Within the first week of hospital admission the patient’s fever,
CRP, ESR, and lymphocyte count improved, and within two weeks
as did the heart rate and oxygen saturation [11]. In week two  aspar-
tate aminotransferase levels increased and in week three as did
levels of alanine transaminase [153].

This study reported that the lesions found on chest CT began as
small ground glass opacities (unilaterally, bilaterally, or in the pleu-
ral space) in the lower portion of the lungs before developing into a
crazy paving pattern [153]. Interestingly, the severity and involve-
ment of the lesions observed on the chest CT increased in weeks one
and two, peaked in week two, and began to resolve in weeks three
and four [153]. This progression of CT results does not align with
the resolution of the fever, laboratory tests, heart rate, and oxygen
saturation. This would indicate that the morphological changes in
the lungs occur at a different rate than the inflammatory reaction to
the virus that has been associated with symptom presentation. This
is consistent with another study of 21 patients [154] (who didn’t
develop ARDS) that found the highest amount of lung abnormali-
ties on chest CT approx. 10 days after symptoms onset. The lesions
began to improve at approx. 14 days [154]. Further research should
focus on identifying if there is a correlation between the increase
in lesions around week 2, and what this means for patient health.

A very small preliminary study [154], done on 4 healthcare
workers who tested positive for COVID-19, found that even after
the patients met  the criteria for hospital discharge (no clinical
symptoms or radiological abnormalities, and two negative Reverse
Transcriptase Polymerase Chain Reaction (RT-PCR) tests) they still
tested positively 5–13 days later. This indicates that it may  be pos-
sible for patients to be asymptomatic viral carriers even after their
symptoms resolve [154]. It is possible that both the negative tests,
needed to allow the patient to return home, were false and that
the patients contracted the virus again after they were discharged
[154]. This is very early data and more research will be needed to
understand how viral load decreases with symptom resolution.

Liver damage has been identified in many COVID-19 patients.
During their disease progression, 53% of patients had high levels of
alanine aminotransferase and aspartate aminotransferase, which

indicates liver damage [155]. It appears that those who  have more
severe cases of COVID-19 also have higher rates of liver compli-
cations [155]. It was investigated that an elevation of AST levels
in 8/13 COVID patients, admitted to the Intensive Care Unit (ICU)
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y 62% and in 7/23 non-ICU patients by 30% [156]. Contextually, a
arger investigational study of more than 1000 patients also iden-
ified a correlation between severe disease and elevated alanine
minotransferase levels [157]. This damage may  be caused by the
irus itself directly infecting liver cells. 2-10% of patients present
ith diarrhea, which may  indicate that at some point the virus

nfects liver cells [157]. The virus has also been found in blood and
tool samples in some cases, which may  also point to viral infection
f the liver [157]. This damage may  also be caused by a medication
sed to treat the patients or inflammatory damage from the body’s

mmune response to the virus [157].

econdary bacterial infection (bacterial co-infections with
ARS-CoV-2)

Secondary bacterial infections are taken as an important risk fac-
or for higher mortality and severity of the infection in COVID-19
158]. It is confirmed by epidemiological, laboratory and clinical
tudies that mortality rate due to any viral disease is increased
f bacterial co-infection accompanies [159,160]. Influence of sec-
ndary bacterial infections on mortality rate due to viral infection
s well previously documented [161–164]. The effects of bacterial
o-infections during any epidemic or pandemic mainly in immuno-
uppressive diseases are irreversible [164] (Table 4). It is fact that
OVID-19 patients also got bacterial co-infections during hospital-

zation [165–167].

aximum shift time for physicians

At this time, great care is being taken to “flatten the curve” of
iral infections by slowing the spread of COVID-19. This is being
one to ensure that the number of COVID cases (on top of usual hos-
ital visits that regularly occur outside of a pandemic) do not exceed

 level that the healthcare system cannot handle. Even with efforts
eing taken to slow the spread of the virus, healthcare systems
round the world are still overloaded and face shortages of per-
onal protective equipment (PPE), workers, ventilators, and more.
here are several things that care centers can do to spread their
esources farther, and thus care for more patients.

Limitations on the healthcare system can be broken down into
ifferent categories. One factor in a healthcare system’s capacity is
atient beds, as some hospitals simply do not have enough room for
ll of the patients coming in. There are several strategies that hospi-
als may  introduce to conserve such resources. It may be necessary
or hospitals to convert single rooms into double rooms, speed up
ischarges, and slow the rate of patient admission18. Converting
atheterization laboratories, hospital lobbies, postoperative care
paces, and waiting rooms into patient care spaces may  also be
ecessary and would increase the physical capacity of the hospital
i.e. number of beds) [191].

Another limiting factor is the amount of medical resources a
ospital has access to, including PPE, ventilators, blood, etc. At this
ime, several methods of increasing supply of ventilators and PPE
re underway including retooling factories to produce ventilators
nd 3D printing PPE (which is discussed further below). There have
lso been pushes from the public health center to encourage people
o donate blood.

What may  prove to be the most integral factor in a hospi-
al’s capacity is having enough skilled medical staff to manage
hese resources. Efforts have been made to rehire retired health-

are workers and some have been rushed through the end of their
raining to help with the crisis. Beyond these measures, there is no
ay to produce more healthcare workers, which makes using them

ffectively vital to patient and hospital survival.



M. ElBagoury et al. Journal of Infection and Public Health 14 (2021) 389–416

Table  4
A Summary of Secondary Bacterial Infection mechanisms, responsible for respiratory viral infections and bacterial confections.

Mechanism Description Refs

-Virus causing increase in Bacterial attachment -Receptors are modulated by viruses, hence increasing attachment of bacteria. [158,168]
-Cells  are destroyed by enzymes from Viruses. -Glycoproteins are destroyed by enzymes, especially those that are involved in

inhibition of bacterial adhesion.
[158]

-Muco-ciliary clearance is reduced. -Decreased muco-ciliary clearance due to virus causes reduced bacterial material
production.

[158]

-Reduced Chemotaxis -Chemotactic factor is reduced by virus hence and decreasing response to invading
organisms.

[158]

-Straight consequence on phagocytic, initiation of
functions of alveolar macrophages after
phagocytic

-Many functions like fusion of phagosome and lysosome is stopped by virus. [158]

-Undeveloped phagocytes are induced. -Macrophages are disrupted by viruses and are replaced with undeveloped
phagocytes

[158,169,170]

-Decrease in surfactant amount -Alveolar type 2 pneumocytes’ function is impaired by viruses. [158,171,172]
-Dysbiosis is introduced in microbiome of lower

respiratory-tract.
-Immune-response towards respiratory viral-infections is affected by dysbiosis in
microbiome.

[173]

-Innate and adaptive immunity is dysregulated. -During the development of apoptosis alverolar macrophages are decreased in
number by virus.

[174–177]

-Inflammation and apoptosis are modulated. -Post viral infection secondary-bacterial pneumonia is facilitated by apoptosis and
autophagy.

[178]

-Immune function of antibacterial is reduced at
respiratory-epithelium.

-Viral infections of respiratory-tract causes inclination to secondary
bacterial-infection by deviating immune status of respiratory tract.

[158,179,180]

-Nutritional immunity is disturbed. -Some viral infections destabilize nutritional shield and enhance bacterial
invasion.

[181–183]

-Suppression of immune system -Some viruses like HIV induce immunosuppression. [184–186]
no-pa
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-Planktonic bacteria released from biofilms -Biofilm structure is 

chemokines due to v

Prior to the current outbreak, there had been many recom-
mendations made regarding the best way to schedule healthcare
workers who work on a shift schedule. Such recommendations may
need to be modified in order to meet the current demands while
also keeping in balance that the healthy and well-rested workers
will be more productive and better able to treat patients.

The American College of Emergency Medicine strongly suggests
that emergency physicians (and others engage in shiftwork) should
be regularly given 24 h off work [192]. This recommendation should
not be possible for hospitals at this time, though it should be fol-
lowed when possible. To preserve sleep quality, it is best to keep
workers on long periods of night shifts, or to have them work iso-
lated nights infrequently instead of putting them on and off night
shifts [192]. This applies during this outbreak, though the number
of times workers are scheduled for night shifts may  become more
frequent. When scheduling shift time changes (such as what may
occur in hospitals during the current crisis), it is preferred to have
shifts rotated clockwise (day to evening to night) even when there
are days off in between [192]. This will help employees who are
overloaded during the COVID crisis as it best preserves circadian
rhythms while also allowing them to work extra shifts. If hospitals
are able to, offering somewhere for workers to sleep before driving
home after a night shift (or after an especially long shift) would be
encouraged [192].

It is recommended that those scheduled to work a single night
shift should go to sleep as soon as possible after their shift and
sleep for four hours [193]. This will allow them to still be tired for
their normal bedtime and sleep better at night [193]. Sleeping for
longer than four hours after their shift will significantly impact the
next night’s sleep and cut down on their total amount of Rapid eye
movement sleep (REM) sleep which would be detrimental to the
next shift they work, especially if that shift is soon [193]. For those
who are on long periods of night shifts (especially those who  work
infrequent night shifts) it is best to sleep in two, four-hour sections
as close to their normal sleep pattern as possible [193]. For example,

if you sleep from 10:00 p.m. to 6:00 a.m. but a shift is scheduled for
those times, it is best to sleep from 5:30 p.m-9:30 p.m. and then
from 6:30 a.m. to 10:30 a.m. to best prevent the disruption of the
circadian rhythm [188]. Following such sleep practices will help
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ted by manipulation of many factors like H2O2 and
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[177,188–190]

orkers feel rested and more equipped to deal with the challenges
hat they, and our healthcare system, are currently facing.

In a time when emergency physicians are working more, irreg-
lar shifts are ordered to cover the huge influx of patients, it can be
seful to maintain “anchor” periods of sleep (when you sleep for
our hours at a time, at the same time every day) [193]. In general,
ersons over the age of 45 don’t adapt as well tonight shifts [193].
ognitive tests on older shift workers show decreasing functioning
he older the subject is [194].

 printing PPE and novel forms of non-official PPE acquisition

Due to the highly infectious nature of COVID-19 having appro-
riate PPE for frontline workers is essential to their health and the
ealth of their community. The sharp increase in demand for PPE all
round the world has created a shortage of such equipment. Hospi-
als are facing many challenges with PPE acquisition and many have
een forced to re-use PPE designed for single use or rely on home-
ade cloth masks for some of their employees. Due to the lack

f widespread testing capabilities in many countries, it is impos-
ible for healthcare centers to know which patients have COVID
nd thus require full-scale PPE, and which have much-lower risk
ommunity-acquired pneumonia or the flu and don’t require such
ecurity measures. This not only costs the time required to put
n and take off the full equipment, it also puts further strain on
windling supplies.

In order to fill this shortage, it may  be necessary to acquire
PE from outside (i.e. nonmedical) sources such as construction,
chools, veterinarians, salons, manufacturing, and dental centers
195]. Obtaining PPE from public sources such as hobbyists, who
wn  masks and respirators, may  also be possible [195]. There have
lso been discussions around reusing PPE and disinfecting the items
ith heat, UV light, bleach, copper sulfate, ethylene oxide, alcohol,

nd more. Some have suggested cycling through a 72 -h rotation

f equipment (based off of our understanding of viral survival)
195]. Impregnating masks with copper or sodium chloride has
een tested in prior epidemics and is a suggested method of dis-

nfecting and extending the life of PPE. Though there are concerns
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that these methods may  breakdown the mask or respirator and thus
reduce their ability to filter particles [195].

Possible solutions to the shortage also include using cloth to
make re-useable gowns and masks, these items would be cleaned
regularly and could replace single-use PPE. Little data is avail-
able on how well these homemade items would filter particles,
transfer harmful microbes, and stand up to constant reuse. Studies
examining the efficacy of cloth PPE are needed at this time [195].
Using filter material intended for non-medical uses, such as Mini-
mum Efficiency Reporting Value (MERV) filters (found in vacuum
bags and air conditioning units) has been discussed [190]. Filters
found in things like vacuums have a minimum efficiency reporting
value of 13 or 14 which can reduce the flow of particles bigger
than 0.3 nanometers in diameter by 50-75%, respectively [195].
In comparison, N95 respirators are equivalent to a MERV 16 fil-
ter [195]. SARS-CoV-2 is smaller than 0.2 nanometers and so could
pass through a 13 or 14 filter, but the respiratory droplets carrying
the virus are much larger and may  be blocked [195]. Using several
layers of MERV 11–16 filter material may  be able to block the virus
if enough material is used [196].

Currently, there are efforts from both institutions and individu-
als to make face shields and other forms of PPE using 3D printers.
3D printing PPE such as face masks will provide a physical barrier
to the virus, but will not likely provide the same fluid and air bar-
rier as a licensed mask or N95 respirator [197]. The government
of Canada has issued guidelines for the production of face shields
[197], which seem to be the easiest to create on a 3D printer espe-
cially for individuals. Prior to the COVID outbreak, 3D printers had
been used to make face seals for Filtering Face piece Respirators
which did provide a better fit for the wearer [198].

A recent study from George Washington University [196]
designed and tested a re-useable, 3D printed respirator. The design
that involved a piece of Minimum Efficiency Reporting Value 16
(MERV16) filter sandwiched between two pieces of MERV13 fil-
ter [198]. MERV16 filters often contain fiberglass which would be
harmful if inhaled, so the MERV13 filters (which don’t typically
contain fiberglass) protect the wearer from inhaling fiberglass fila-
ments [198]. The rest of the mask is made with a 3D printer and the
masks were designed to be reused and had refillable filter cartridges
[198].

The respirators underwent a negative pressure test where the
user put on the mask and inhaled to check for leaks [198]. Successful
respirators went to the hospital employee health center for Bittrex
testing which including things like moving the head, running in
place, deep breathing, etc. to test for leaks [198].

Given that the masks were designed for reuse, the researchers
then tested how they held up to sanitization [193]. The masks were
cleaned with several rounds of rubbing alcohol followed by soap
and water before being sent back out to the hospital, this cleaning
process did not appear to negatively affect the performance of the
mask [198].

The benefits of this mask design that they are easy to make
and clean, can be fit to each individual, and can be sterilized with
alcohol, Ultraviolet (UV) electromagnetic radiation, low heat, or
soap and water [198].The filtration packs can also be sterilized and
reused [198]. Given that MERV filters are also used in furnaces,
sterilization with light and heat should not (theoretically) degrade
them [198].

One drawback is that these masks need to be individual fit
(like N95 respirators) and study participants who didn’t achieve
a good suction reported having a hard time fitting the mask around
their nose and cheeks [198]. More work on the fit and ease of fit-

ting for the user will be needed before these masks are made on
a large scale [198]. Extra testing of MERV filters to ensure that
they live up to the manufacturer’s claims will also be needed
[198]. Further testing should also ensure that the MERV13 fil-
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ers catch any fiberglass filaments that the 16 filters may shed
198].

The masks designed by this study can be made at a rate of about
 per hour per machine (with large 3D printers) and the George
ashington University Hospital could produce 70–100/day [198].

ver a thousand filter thousand filter cartridges can be made out of
ne MERV16 filter and the cost for making each mask is between
2 and $4 depending on type of materials used [198].

ext possible vaccines as landscape for SARS-CoV-2

The scientific/clinical experience is to help develop the
OVID-19 vaccine manufacturing process. The animal data gives
onfidence that the vaccine will generate an immune response.
esearch and clinical material could be produced relatively quickly

everaging the learning from SARs. Overall, the platform could
ccelerate availability of large quantities of vaccine [199].

xpectance to have available vaccine

It is estimated that vaccine candidates will be available for
n vitro testing within less than six months and potentially enter
linical trials within a year and a half. It is too soon to get an
nswer for ẅhen a vaccine will be available for wide public use?,̈
ecause we have not yet entered the clinical trial phase and there
re many factors involved including formulation, yields, dosage
equirements and other variables [200].

he global availability of COVID-19 vaccine
If a vaccine is emerged with properly activity against COVID-

9, then it is thought that 60–70 % of people are in a need to be
mmunized to the virus in order to stop its spreading (known as
erd immunity).

Pharmaceutical companies are committed to supporting the
esponse to this global public health emergency and will work
ith stakeholders to make the product available where it is needed

201].

ive concepts about COVID-19 vaccine

A safe and effective SARS-CoV-2 vaccine is in need to end the
lobal COVID-19 pandemic. An initiation of vaccination candidates
s under clinical testing, and many others are in preclinical devel-
pment. About 1–1.5 year is required to find optimal vaccine for
OVID-19. Currently, there are about 140 vaccines for COVID-19,
nder experimental and clinical investigation. The concepts are
uilt on along human experience in the field of innovative vaccines
Table 5) and vaccines already under investigational clinical trials
or COVID-19 (Table 6). The proposed vaccines [202] are classified
nto (Fig. 8):

i Repurposed vaccines
i Nucleotide-based vaccines
i Viral vector vaccines

 Subunit-based vaccines
 Whole-virus vaccines

Repurposed vaccines are FDA-approved vaccines for the
nfectious diseases and these vaccines are therapeutically redi-
ected to tackle other diseases [206]. For SARS-CoV-2, Bacillus
almette–Guérin (BCG) vaccination is under clinical investigation
207,208]. BCG as a live attenuate vaccine has been developed

gainst tuberculosis, dates back to the beginning of 20th century.
or its mechanism of action; it acts via reprogramming innate
mmunity via acting as booster for producing pro-inflammatory
ytokines of IL-1�, tumor necrosis factor (TNF) and IL-682. It is well
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Table  5
Types of Vaccines.

Vaccine Type Definition Examples Refs

Inactivated vaccines Produced by killing the micro-organisms Anthrax, Cholera, typhoid,
hepatitis A, hepatitis E, influenza
virus A and B vaccine, Rabies.

[203]

Toxoid vaccines Vaccines contain toxins and chemicals Whooping cough vaccine
(pertussis), Diphtheria, tetanus

[204]

Subunit vaccines Fragment of the pathogen introduced rather than the whole
pathogen into an immune system

meningococcal, and pneumococcal
vaccines

DNA  vaccines Produced by introducing DNA of organism into host body. [203]
Recombinant vector vaccines A weakened bacterium or virus (vector) is used to inject

microbial DNA in the body.
Adenovirus and vaccine [203]

Conjugated vaccines Vaccine in which a weak antigen and a strong antigen combine
as  a carrier and the immune system has a strong response
towards weak antigen.

Hib-conjugate vaccines

Live  attenuated vaccines Produced by weaken or attenuating the micro-organism. Bacterial vaccines (Bacillus
Calmette Guerin Vaccine BCG)
Viral vaccines Measles, mumps,
polio vaccines)

[203]

Table 6
Vaccines under development using various components of SARS-CoV-2 [205].

Viral Product usedin pre-clinical vaccine trials Developer

DNA Inovio pharmaceuticals takis/ Applied DNA sciences Evvivax Zydus Cadila
Inactivated viral products Sinovac Codagenix / Serum Institute of India

Non replicating viral vector GeoVax/BravoVax Greffex University of Oxford Altimmune Vaxact Janssen
Pharmaceutical companies

Viral protein subunit ExpreS2ion WRAIR/USAMRIID Clover Biopharmaceuticals Inc/GSK Vaxil Bio AJ
Vaccines / EpiVax
EpiVax/ Uni of Georgia Sanof Pasteur Novavax Heat Biologics / University of
Miami  University of Queensland / GSK Baylor college of Medicine
Bio/CC-Pharming VIDO-InterVac University of Saskatchewan

RNA Fudan University/ Shanghai JiaoTong University RNACure Biopharma China
CDC/Tongji University/ Stermina Moderna/ NIAD Arcturus/ Duke-NUS Imperial
College London CureVac BioNTech/Fosun Pharma/ pfizerBIOCAD Sanofi
Pasteur / Translate Bio

apeuti
Fig. 8. The vaccination ther
hypothesized that BCG could be vital tool against SARS-CoV-281.
Because, BCG shows significant reduction in infant mortality, not
only as being BCG acts as anti- tuberculosis. However, it is highly
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c approaches of COVID-19.
xpected that BCG acts against viral/bacterial pathogens which
re key factors in causing severe acute respiratory syndrome. Eco-
ogical observation supports the hypothesis of B̈CG as preventive
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therapy for SARS-CoV-2;̈ it is that the countries that consider BCG
on the followed medical vaccination measures, show low capacity
of SARS-CoV-2 from being spread [209].

i Nucleotide-Based vaccine

Biogenetically, Types of Vaccines which are based on expressed
chimeric mRNAs containing curated open reading frame (ORF) viral
sequences in the cellular cytoplasm, possessing high potentiality
to translate directly in the cytoplasm and suppress chromosomal
integration [210–212].

Similar to RNA-based vaccines, this promising technique uses
genetic material of virus to create a vaccine. “More vaccine doses
with DNA can be made than with RNA. But, it is unclear weather the
development could be rapid scaled to fullfil the high international
demand,” said Dowling. And according to our knowledge, these
DNA contained vaccines have not been tested in elderly patients
yet.

As for COVID-19, mRNA-127387 and BNT162b [213] are promis-
ingly novel lipid nanoparticle (LNP)-encapsulated mRNA-based
vaccine [214,215], encoding the spike (S) protein of SARS-CoV-2,
acting via the mechanistic action as shown in Fig. 9.

DNA vaccines is to stimulate the immunity system with an
infectious agent, genetically modified DNA as Spike protein (S) or
Membrane glycoprotein (M), in case of SARS-CoV-2, not to harm
or disease is caused, but ensuring that when the host is confronted
with that infectious agent, the immune system has an adequate
potentiality to neutralize it before it causes disease [216].

This DNA vaccination approach owes potential advantages over
conventional approaches, including the stimulation the immune
response of such as both B and T-cell, enhancing vaccine stabil-
ity, the absence of any infectious agent and the relative ease of
large-scale manufacture. As an evidence of the principal core of
DNA vaccination, immune responses in animals have been obtained
using genes from a variety of infectious agents, including influenza
virus, hepatitis B virus, human immunodeficiency virus, rabies
virus, lymphocytic chorio-meningitis virus, malarial parasites and
mycoplasmas. In some cases, protection from disease in animals
has also been acquired [216].

RNA-based vaccines; as preliminary concept for conceptual
SARS-CoV-2 vaccination, it is RNA power utility. This approach is
attractive and innovative. But if it shows potential activity as vacci-
nation, it may  be difficult to produce hundreds of millions of doses,
and each dose relatively expensive as it may  demand a significant
quntity of RNA. While experience with human testing is low for this
technique, it is possible that adjuvants may  enhance the immune
response when these vaccines are given to older populations. Con-
sequently, it may  decrease the qunatity of RNA required for each
vaccine [217].

CRISPR based vaccine; researchers are evaluating previous treat-
ment and try to discover the novel drugs for the COVID-19, which
is a global issue, causing high morbidity and mortality. By seeing
the huge loses, it is dire need of time to develop a vaccine for SARS-
CoV-2 disease (Covid-19) as it is efficient way to control it from the
spread and prevent for the future onset. Many attempts have been
done and carry on for the design of SARS-CoV-2 vaccine [218–221].
Currently, CRISPR- mediated genome editing approach which does
modification in cell by editing or correcting defective. CRISPR, new
technique of genome engineering formed of 2 components, having
a guide RNA (gRNA) that particular to target RNA or DNA sequence.
CRISPR that is nonspecifically associated to endonuclease protein
or CRISPR protein (Cas).
Mechanism of action; production of antibodies (Abs) by the acti-
vation of B-cells is a fundamental mechanism of many vaccines.
These techniques show extraordinary outcomes at the outset. But,
they have some impaired impacts pertinent to RNA virus; this issue
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an be solved by doing modification of B-cells via genome editing
echnology, CRISPR/Cas9 mediated gene editing. B-cells should be
imed to attain specific properties:

Specifically expressed antibodies against SARS-CoV-2 epitopes
No chance of accidental (Ab)
Developed temporal viability inside the body of the clones of
engineered B-cells.
Salience of being non-oncogenic and benign relatively. The
range of such cellular clones can solve the problems of all viral
pathogens like SARS-CoV-2.

Basically, vaccines potentiate B-cells to produce Abs against the
pecific antigens which are known as epitopes of the disease caus-
ng pathogens, it is S-spike protein in SARS-CoV-2. This is achieved
y B-cells by rearrangement of 3 imperative parts of Ab in their
enomes. There are some reasons due to which vaccines fail in the
rranging of gene that it does not take proper place effectively; it
ay  be delayed, long lasting and cannot become able to stand a

ufficient space. The other critical issue in antibody based vaccine
s that level of antibody become low after the short time of injection
f vaccine in this case it is repeated.so, it is an additional reason to
ngineer B-cells in away so that as and when antibody require they
oing to produce it [222–225].

CRISPR/Cas9 driven genome editing approaches is highly potent
or editing the mammalian cells genome sets with utmost and
igh accuracy and precision. Accordingly, it can be hypothesize
hat a similar approach would be tried for the alteration and engi-
eering of human B-cells, consequently, specific antibodies with
ell-arranged expression can be attained under the control of

ndogenous regulatory elements which is responsible for the pro-
uction of antibody in these cells. It edits the genomes with the
hought to improve and refine the bodily functions. Coinciding with
his fact, it can be hypothesized that an analogous approach would
e credible to alter and engineer human B-cells. Therefore, well-
rranged expression of specific antibodies can be attained under
he control of endogenous regulatory elements that are responsi-
le for antibody production (i.e. expression and secretion of normal
ntibodies) in these cells [226].

Ideas/ways for implementation of hypothesis; we can test the
ypothesis in both the human and mice B-cells in a two-facetted
utlook. B-cells from mice can be collected and genetically engi-
eered. The successfully engineered B-cells can then be injected

nto mice which were not previously exposed to the antigen. After
xposing the particular mice to the antigen, the antibody titer can
e assessed as against the control group (which did not receive
he B-cell therapy). The success of the development of B-cells can
e confirmed by assessing the quantity of these antibodies against
he antigen. Otherwise, B-cells can be harvested from humans and
ngineered against the viral antigen. Then the successfully engi-
eered cells can be injected into exposed mice. The engineering
f the B-cells can be made evident by detecting the antibodies in
hose mice after antigen exposure. One of the main limitations to
onsider the genetically engineered B-Cells vaccination specified to
ARS-CoV-2 is that it may  be rejected by the host immune system.
hence, the allogeneic B-Cells should be dependent on the basis of
recision medicine to evoke the immune response [227].

ii Recombinant viral vector vaccines

Recombinant viral vectors acts similarly like an endogenous

athogen, by expressing axenic target protein into the cellu-

ar cytoplasm of the host cell. Subsequently, processing of such
ndogenous antigen, MHC  class 1 molecules present them to CD8 +
-lymphocytes causing production of T-cytotoxic cells. This biolog-
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Fig. 9. The flowchart of DNA vac

ical pathway, results in establishment of cell-mediated immunity,
which is main corner in distracting of virus infected cells [228].

iv Subunit-Based vaccines

As for consideration of the safety efficacy, Subunit-Based Vac-
cines containing antigens in a pure for are claimed as being
advantageous, as the constituent only includes synthetic pep-
tides or recombinant proteins expressing only particularly specific
fragments of immunogen, which exclude the participation of con-
tagious viruses. In addition to this, subunit vaccines owe less
prone to generate the side effects at the site of inoculation. Due
to conditional stability and absolute fragments of pathogen, sub-
unit vaccines accomplish dependable production. AS for all these
advantages of subunit vaccines, they are crucial in making it a
promising candidate for vaccine. A number of structural proteins
of; spike (S), envelope (E), membrane (M), and nucleocapsid (N) are
expressed by SARS-CoV that may  be subunit vaccination as antigens
to activate neutralizing antibodies and generate defensive response
[229–233].

v Whole-Virus Vaccines
Whole-Virus vaccines are the vaccination approach where
attenuated/killed virus is delivered into the patients for develop-
ing the specific immune response for long-lasting immunity. One
of under investigational studies, inactivated coronavirus PiCoVacc
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on; mechanism of action [215].

mmunization is a promising candidate as next COVID-19 vaccine
234,235].

accination target group

Age, immunity level, genetic variability, and clinical background
re the main factors which are considered for the vaccine injec-
ion. There is lot of variations of common infections, high in the
nfant and low in the adult groups. As from human experience with
accination, measles, mumps, polio and smallpox are the diseases
hat are age related [206]. Moreover, each vaccine has different
arget; in the United States, vaccine against influenza is recom-

ended to individual whose age is more than 6 months. Due to
igh risk of severe disease in the elderly, children, pregnant women,

mmune-compromised individual and health care works, vaccina-
ion should be prioritized in these groups [236]. In general, vaccine
esponsiveness and non-responsiveness is evaluated by measur-
ng antibody titer. Timely vaccination of middle-aged adults might
rogress the immune responses to vaccines, although facts on
athogen-specific immune responses and factors affecting these
esponses, in middle-aged adults is now limited [237,238]. There-
ore, the studies show that Children were the most targeted group,
nd pregnant women  were the least targeted. 90% of vaccine cov-

rage is done on newborns of age 12–24 months. But this coverage
s falling in children of 4 years to adolescent. 75% Vaccine cover-
ge is done in adults [239]. Vaccine coverage level decline in adults
240].
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Table  7
Sex and gender as possible modulators of COVID-19.

Sex Related Factors

Viral receptor Exposure to virus
Distribution of receptor Symptom reporting
Virus reproduction Access to testing
Antibody production Access to protective equipment
Hormonal effects Compliance with preventive measure
Efficacy and side effects of therapy Recruitment for clinical trails

Table 8
Gender response to vaccines.

Gender Efficacy
of vaccination

Reasons References

Female High Immunological,
hormonal, genetic and
microbiome differences

[246,247]
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of Steroid hormones.
Male Low High levels of

testosterone.
[251]

Patron of Vaccine in the pandemic condition like COVID-19
Due to the limited supply of the vaccine when it is developed in

pandemic condition, it is prefer to inject it to the healthcare work-
ers, as they are in direct contact with the COVID-19 patients, and
may  be exposed to higher concentrations of the virus. Apart from
this check, the patron of pandemic in case of COVID-19 as it mostly
targets the older patient. So, they should be prioritized if vaccine is
effective in this group [241,242].

Vaccination in view of gender difference
The in vitro study of human and animals reveal that numer-

ous genetic, immunological, hormonal, and environmental factors
differ between males and females that contribute to sex- and
gender-specific vaccine outcomes and responses (Table 7) [243].
Females respond more actively to infections and make more anti-
bodies in the result of infection and vaccination 28. In females, more
powerful response of immune system may  develop greater risk of
autoimmune disease in females and a better ability to fight against
infection. Initial studies suggest that there is a high production of
certain sub-types of antibodies (IgGs) in females than in males after
SARS-CoV-2 infection [244].

As for the design of vaccine issues, specific to the sex like preg-
nancy, is in need for a consideration in those countries that has
limited resources of healthcare and higher fertility rate. Therefore,
number of potential pregnant patients of COVID -19 is increasing
[245].

Gender differences can influence vaccine design, uptake,
responses, and outcome in individuals [246–248]. The high efficacy
of vaccines is due to immune response. Females and males are dif-
ferent biologically and contribute to sex-specific vaccine outcomes
[247]. It has been studied that females show more vigorous humoral
and cell-mediated immune responses to infections and vaccination
as compared to males (Table 8) [249]. Similarly, many studies pro-
vide evidence that females show higher antibody response against
vaccine than males. So, the efficacy of vaccines recommended for
adults is consistently greater for females than males [249,250]. but
in some cases adult women experience more adverse reaction then
men  due to increased inflammatory cytokine and chemokine and
cytokine secretion, including interleukin (IL)-1b, IL-6, and C-X-C
motif chemokine 10 (CXCL10) from macrophages, tumor necrosis
factor (TNF-a) and dendritic cells in women [250]. The application

of yellow fever virus (YFV) vaccine via sub cut route often leads to
local inflammation, pain, fever, fatigue and headache [235]. Major
factors responsible for sex-based variations in an immune response
to vaccination are steroid sex hormones (Estradiol, progesterone
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nd testosterone), genetic and epigenetic regulation, and micro-
iome [250]. The sequence of cell surface molecules responsible for
irus entry can be increased or decreased by Estrogen. For example,
he sequence of the CC chemokine receptors C-C motif chemokine
eceptor (CCR1 and 5) in HIV infection or the integrin �V�3 that
s exploited by adenoviruses for entry changed by Estrogen [251].

oreover, in men  increased levels of testosterone are associated to
ow levels of antibody titers against influenza [250,251]. Another
actor is microbiome that is related to high vaccine response in
emales. Microbes present in the human skin, oral cavity, gut, gen-
tal area and well tolerated by the immune system [252]. Precisely,

icrobiome composition effected by sex hormones as bacteria can
etabolize these hormones [253]. These microbial communities

an change the levels of sex steroid hormones which regulate the
ate of autoimmune disease and immunological responses against
accination [254]. So from above discussion, it is concluded that
ender in vaccine response and outcome play very crucial role
nd during vaccine designing, gender differences should be consid-
red for the better functioning of vaccine in corresponding gender
255–257].

accination in view of Race related difference
Science has a vital role from development to the phase of vac-

ination via manufacturing and distribution for effective and safe
accine of COVID-19, immune response and efficacy of vaccine is
irectly influenced by all the steps including vaccine type, vector or
arrier, excipients, adjuvant, route and dosage, logistics, distribu-
ion and mass vaccination [258]. Vaccination trail is done by seeing

any factors like existing the condition of disease, Native people,
roup of people of majority and minority, White people are prefer
ver black [259]. many studies have reported that clinical cases and
reater risk of COVID-19 are more in the people of old age, sex wise
o the male [260]. It was  reported that out of 1063 patients only 20%
lack Americans are included in trail of placebo-controlled Adap-
ive COVID-19 that was  funded by National Institute of Allergy and
nfectious Diseases (NIAID). COVID-19 Epidemiological data reveals
hat this disease is more susceptible in minority groups while
here is distribution of racial only to study hospitalized patients
261–266].

Data related to ethnicity and race is incomplete and race and
ependent on the information collected at local level [263]. Minor-

ty communities are overspread in low wage. Therefore, they are
ore exposed to the virus, front lines people including essential
orkforce, health care workers whose income is low whose has

o move hospitals, clinics and nursing home homes to complete a
iving, poor communities cannot keep social distance due to over-
rowding and housing density [267].

At a national level, provisional analysis from the UK  Office
f National Statistics has shown that the risk of death involving
OVID-19 has marked ethnic/racial disparities; when considering
ge into account, Black males were 4.2 times more likely to die from
OVID-19 than White males and Black women  were 4.3 times more

ikely to die than White women. These increased risks does not
pply to Black ethnicity alone in the UK: Ethnicities of the people
f Pakistani, Bangladeshi, Indian, and Mixed had statistically signif-
cant raised risk of death during COVID-19 as compared to White
thnicity [265].

It was found that the patients of Black, Asian and Hispanic eth-
icity are infected with SARS-CoV-2 in a higher proportional as

n comparison to those of White ethnicity, with a possible asso-
iation of higher risk of ITU admission and death from COVID-19

n Asians, even when most confounders are adjusted for. Interest-
ngly, it is a considerable evidence for citing public health protocols
o decline the exposure risk of SARS-CoV-2 in ethnic minority
roups, by accessing healthcare resources, and targeting the social
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Table 9
Different phases of vaccination.

Phases evaluation Actions Reference

Phase 1 In a small number of closely monitored
subjects, immunogenicity and safety
studies performed.

[287]

Phase 2 Enroll hundreds of subjects and do
dose-ranging studies.

Phase 3 Provide critical documentation about
important and effectiveness additional
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determinants, structural racism, and occupational risk underlying
inequities [266].

There is need of time to learn lessons from the previous epi-
demics and their uneven effects on the communities mainly the
minorities. We have to need an actual data to overcome this effect
and susceptibility, less exposure of people, limitation of health care
and guide these efforts, for effective and urgent action as better
information. Public and clinical sectors of health should be focused
on the underlying conditions like metabolic and cardiovascular that
is contributing majorly in the mortality and morbidity in acute
cases of COVID-19 [264].

COVID-19 in view of Precision Medicine (PM)

Due to the continuously growing evidences that thepatients of
COVID-19 owe heterogeneous disease; differential symptoms in
lung compliance and ventilation-to-perfusion mismatch, it can be
a key to individualize therapy ”No the same treatment for all”. Clin-
ically a major problem, a large number of thepatients of COVID-19
have shown critically negative trials of care medicine. This results
from the heterogeneous patient population; different biological
mechanisms and different biological responses to a disease in indi-
vidual patients. Hence, the conventional trial designs and poor
patient selection are not refereed. However, precision medicine has
a greater potential for positive results [267].

Better selection of more homogeneous groups of patients can be
feasible in COVID-19 compared to other critical illnesses because
of the large number of patients needing hospitalization. It is better
feasible for the COVID-19 clinical trials to select precisely homo-
geneous groups of patients according to the specific needs of
individual patients. It has benefits of reducing study noise, sam-
ple size, and study-associated harm. The precise selection criteria
are directed by molecular testing of biomarkers, clinical features of
patients; clinical stage of disease, vital signs measurement, labora-
tory data, and ventilator settings [267,268]. To uncover the power
of PM in COVID-19 clinical trial, some examples are under- inves-
tigation:

• Hydroxychloroquine in patients of risk of acquiring infection, but
not yet infected, those without cardiovascular disease, with nor-
mal  QTc, avoiding concurrent medications causing a prolong of QT
interval, cautiously selected dosing, dose adjusted according to
renal function, avoiding and rapidly correcting dyslectrolytemia
[269].

• Anti-inflammatory agents (corticosteroids) or anti-cytokine
agents (tocilizumab) in patients of risk of endothelial dysfunction,
endotheliitis, or in patients of an elevated level of interleukin-6
[270].

• Anticoagulation in patients of sepsis-induced coagulopathy or
marked elevation of d-dimer and without contraindication for
anticoagulation [271].

Finally, COVID-19 raises a critical question about the role of Pre-
cision medicine; ”How the immune system acts differently in view
of difference in sex, age and genetic variations?”. Hence, it is rec-
ommended that the clinical trials of COVID-19 are investigated in
view of Precision medicine and vaccinomics of particular patients.

Previous health condition and other variables vaccine

Mostly COVID-19 hospitalized patients had some preexisting
conditions like 50% of hypertension, 48 % of obesity, 35 % of chronic

diseases of lung, 28 % of diabetes mellitus, and 28% of cardiovas-
cular conditions are testified in COVID-19 hospitalized patients
reported by network of COVID-19 and Centers for Disease Control
and Prevention (CDC) associated hospitalization Surveillance [262].

i

d
c

407
safety data required for licensing by
enrolling thousands of people

accine should be targeted to priority groups, frontline health
orkers are at high risk, older adults, age over 60 and people who
ave diabetes, hypertension, respiratory disease, and heart disease
hich are underlying condition for COVID-19 [272,273].

Communities that are in minority have underlying conditions
ike kidney disease, cardiovascular, diabetes and hypertension

hich are very common in younger age; due to lack of medical
anagement should be focused [264].
Adults having diseases like chronic disease of kidney, cancer,

hronic obstructive pulmonary disease (COPD), diseases of heart
ike state of Immunocompromised and cardiomyopathies, coronary
rtery disease and heart failure, pregnancy, obesity, smoking and
iabetes mellitus type 2 are at high risks, COVID-19 is a new disease
herefore, currently there is limited information and data about
nfluence of underlying medical conditions related to COVID-19
274].

There are challenges and issues from resources to protection-
sm via manufacturing and distribution. Therefore, application of
accination programs will be uneven and variable due to numer-
us platforms of vaccines and strategies. For this, some prosperous
ountries have procured stocks of vaccines which are still under
rails. This vaccine scarcity is key factor to determine a leading
ation around the globe [275]. To ensure quick vaccine access to
nder developed countries, a global collaboration platform, COVID-
9 Vaccines Global Access (COVAX), has been devised by the WHO,
he Coalition for Epidemic Preparedness Innovations (CEPI) and
avi.

A working principle has been framed for COVAX under the
upervision of WHO  by medical experts, scientists and ethicists
n order to distribute vaccines to all nations. Vaccines will be
ntroduced in two phases. To immunize most susceptible people
n member countries vaccine will be provided to all depending
pon size of population. The order of priority for populations is
ecommended by Strategic Advisory Group of Experts (SAGE) by

HO, suggesting older people, infection dealing health workers
nd immunocompromised people to be entertained first. The vac-
ine can be inducted to rest of people in second phase [276].

he time needed to approve the vaccines in normal cases and in
mergency cases

Center for Biologics Evaluation and Research (CBER) of FDA is a
accine regulatory body in United States [277]. Vaccine develop-
ent follows same principle trials before launching in market as

or drugs. In normal circumstances, presenters have to submit an
nvestigational New Drug application (IND) which describes man-
facturing technique, quality control test to release it in the market
nd also contains information about the safety of vaccine to FDA.
n normal circumstances, before releasing a vaccine in the market,

t passes through three phases (Table 9).

Numerous lives have been saved by vaccination. In this proce-
ure, immune system is recruited and boosted to identify and to
ope with targets of choice i.e. bacteria and viruses. Immediate
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destruction of these germs occurs in encounter if the body is re-
infected. This program currently protects 2.3 million people from
dying due to measles, influenza, pertussis, tetanus and diphthe-
ria including more than 20 deadly diseases. To get a safer vaccine
against COVID-19 a remarkable work is ongoing. Safety index of
vaccine is improved by using advance type of vaccines which com-
prises of a specific antigenic protein or a vector containing disease
causing parts of pathogen instead of using them as whole. This
type of advancement is achieved after studying modes of the dis-
ease production and structural orientations of causative agents. If
pathogen is new then this process takes a long time to develop
its vaccine. It was our luck that COVID-19 virus’ structure is quite
similar to already map  the Middle East Respiratory Syndrome Coro-
navirus (MERSCoV) and SARS-CoV [278–280]. It is really a challenge
to develop COVID-19 vaccine in short time as normally it is a long
duration of 10−15 years [281], as follows:

• Exploratory stage

Selection of candidate that is known as exploratory stage is the
first step of development of vaccine. It helps in the identification
of foreign matter like viral or bacterial and their toxin which are
causing disease; it may  take long time [282]. There are 321 candi-
date vaccine of COVID-19 up till 3rd September 2020, this number
is increasing day by day; some of them are under-investigation in
pre-clinical and clinical phase [283].

• Pre-clinical stage

This phase is known is decision making phase either to carry on
the vaccine development the process or to stop it. In this stage, syn-
thetic or natural antigen is designed which induce immune reaction
in body, basically to determine the boosting effect of immunity on
the safety of people. Animals mostly like Monkeys and mice, as they
have biological response alike to human, are used during this phase.
The progress of pre-clinical phase is clinical Phases [284,285].

• Clinical development

It consists of three phases 1, 2 & 3 (Table 9 and Chart 2 ). In these
phases, safety trails are done in small group then on large popula-
tion. Clinical response is evaluated among 10–100, 100–3000 and
at large scale in human subjects in phase 1, 2 & 3, respectively.
Phase 1 is known as Safety phase in which appropriate dose, safety
and immune response of vaccine is checked by injecting vaccine
in immunocompetent and healthy individuals. Phase 2 is known as
expanded safety in which same parameters are checked against dif-
ferent groups (age and gender wise). Phase 3 is known as Efficacy
in which vaccine is injected to thousands people for the evalua-
tion of efficacy of vaccine; percentage with which reduce incidence
of disease rate as compared to placebo. In pandemic diseases like
COVID-19 Phase 1 & 2 are combined for the development of vaccine
[273,285–287].

• Regulatory review and approval

If a vaccine displays success in these trials, it fills a Biolog-
ics License Application (BLA). After that, a team of reviewer of
FDA including medical officers, chemist’s microbiologists, and bio-
statisticians check and assess the safety and efficacy information
and decide either vaccine is recommended or rejected. Now spon-

sor and FAD present their review in font of Vaccines and Related
Biological Products Advisory Committee (VRBPAC) of FDA. After
acceptance from VRBPAC, vaccine is being labeled for getting to
understand about proper use of vaccine for consumer [287,288].
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Manufacturing and Quality control

A vaccine’s manufacturing is lengthy, time-consuming and com-
lex process, which is different from the making of other medicines.
enerally, the developmental period for a vaccine is about 12−15
ears. In traditional vaccines, antigens are injected into the body,
btained from half-active or inactive bacteria or attenuated viruses
ith various clinical methods. But during emergency situations like
OVID-19, the development of vaccine will not trailed repeatedly

ike in normal vaccine because of the high demand of spontaneous
ction by the disease and also compatible with the specification of
mproved strategy WHO  for targeted patients (chart 2) [289]. For
he infections that show repeated epidemic behavior, the inter-
pidemic period can relate to parameters that characterizing the
nfection like infectious and latent periods, the average age of first
nfection, this relation are agreed with the data for various child-
ood diseases. For the eradication of a disease, the criterion is given

n terms of the age-specific vaccination schedule and the proportion
f the population to be vaccinated [290–293].

 general mechanism of action of vaccine

Basically, a vaccine activates the body immunity, identifies
nd responds against the antigens. For the activation of immune
esponse, certain substances, which are called as antigen that exists
n that specific pathogens are, introduced either in live attenuated
r dead form. After this, the immune system easily learns to iden-
ify them as foreign invaders and make certain molecules that are
nown as antibodies and recall them for the future. If that specific
athogen enter again into the body, the immune system identi-
es this antigens sharply and attack aggressively well, before the

nfection can spread and cause sickness [295].

echanism of action of corona vaccine
For vaccine manufacturing, the current antigen is the coronavi-

us spike protein, named as because there sits, atop of the spike of a
oronavirus particle. This part is the immune system “remembers”
f the virus. The immune system made vaccine-induced antibod-
es against these spike protein and can prevent against infection. In
he Precision Vaccines Program (PVP) strategy, we  combine these
pike protein of coronavirus with adjuvants i.e. little molecules
ntroduced in a vaccine to enhance the immune response of the
ecipient. This study is also under process to the live animal, mice
296].

OVID-19 vaccine mechanism of action referred with
asteurization

Pasteur Institute is doing this procedure of RNA/DNA based
OVID-19 vaccine formation. In this procedure take a virus like
easles and change it with the protein of coronavirus [297].

anomaterial based composites as antimicrobial and nano
accine

As nano materials are an ideal for the delivery of antigen as adju-
ants, they help in the designing of modern vaccine [298,299]. For
he prevention of adhesion of microbes or killing the microorgan-
sms, antimicrobial; Nano compounds are incorporated within, on
he surface of materials or coating to the biofilms which repre-
ents the best strategy in the challenging field which is increasing
300]. In 2003, it is considered that the updated class of antibiotic

as introduced and those diseases that are infectious have become

hallenged due to the resistance of multidrug [301]. It is highly need
f modern strategies against the microbial infection during the era
f post antibiotic, when there is resistance of two or more classes of
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Chart 2. Difference between the classic

most timely antibiotics [301]. Biomedical devices that have antimi-
crobial metal nanostructures took the valuable attention not only
from pharmaceutical industry but also from academia by providing
microbicidal strategy [302]. Antimicrobial nanomaterials are clas-
sified into two categories; one is intrinsically antimicrobial second
that have both functional properties [300].

Viruses can be considered as nano microorganisms, as they are
nanoscale objects. The same scale of length is used in the operate
of viruses and nanoparticles; it helps in the development of vac-
cine and immunoengineering. So, it is a potential characteristic for

the use of nanotechnology approaches. The synthetically natural
nanoparticles mimic  structural feature of viruses; biotechnology,
nanochemistry, and chemical biology help in the technologies of
the vaccine design, which used in the next generation. From a vac-
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 emergency vaccine phases [278,294].

ine technology development point of view, this is an exciting time
f nanotechnologically novel approaches poised to make a clinical
mpact for the first time [298].

ano- nucleic acid-based vaccines

mRNA vaccines has more stability than DNA as it has no integrat-
ng, risk of mutagenesis insertion, and its stability, immunogenicity
nd half-life can be changed via established modifications [303].
esearchers at the Imperial College of London and Arcturus

herapeutics are trying to enhance the short half-life of the
NA and boosting S protein expression levels via incorporation
f self-amplifying RNA technology [304]. Nanotechnology-based
ethodology solves delivery challenge problems by channelizing
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the vaccine to targeted sub-cellular and cellular domains. The deliv-
ery of DNA vaccines across cell membranes and targeted sites can be
done using cationic liposomes and polymeric nanoparticles [305].
Nanotechnology is a platform including liposomes, polysaccharide
particles, and cationic nanoemusions; it has been used for the deliv-
ery and stability of mRNA based vaccines [306,307].

Nano-Subunit vaccines

Subunit vaccines can also serve as a source of protein nanopar-
ticles or virus-like particles (VLPs). Using recombinant expression,
VLP vaccines can be synthesized allowing genetic engineering to
incorporate ligands, immunomodulators. Self-assembled nanopar-
ticles and VLPs provide highly organized, stable and monodisperse
vaccine formulations in addition to scalable production via fermen-
tation or molecular farming. Contextually, Nicotiana benthamiana
is being utilized by Medicago and iBio in order to produce VLPs
using the S protein. AdaptVac/ExpreS2ion is manufacturing VLPs
from the S2 protein utilizing expression system of insect cell. Their
expression display on proteinaceous biomaterial scaffolds such as
ferritin, encapsulin, and bacteriophage. VLPs are also being pro-
cessed to achieve multivalent antigen for the purpose of enhanced
immunogenicity [298].

Subunit vaccines can constitute viral proteins incorporated in
synthetic nanomaterials, protein cages and VLPs, which serve as
adjuvants and delivery vehicles; Influenza virus vaccine Crucell
(Janssen, Johnson & Johnson), liposome-base formulation, incor-
porating influenza protein haemagglutinin is one of its application
[308].

Nano-Peptide-based vaccines

The simplest of vaccines, relatively easy to design, readily man-
ufactured and validated are peptide-based vaccine [309]. Their
efficacy hinges mainly on availability of adjuvants and delivery
system. Nanoparticle vaccine efficacy can be enhanced using vari-
ous strategies targeting lymph nodes (LNs) or cellular subsets and
their immune profiles can be tailored to address specific diseases,
like ‘albumin hitchhiking’ strategy utilizes the natural trafficking
tendency of albumin to LNs [310].

Peptide-based vaccines can be utilized in formulations of
peptides plus adjuvant mixtures, in nucleic-acid vaccines, and
for peptide delivery using an appropriate nanocarrier. Sev-
eral clinical trials regarding peptide-based vaccines as well as
peptide–nanoparticle conjugates targeting chronic diseases and
cancer are in development [311].

Industries and academic institutes such as OncoGen and Uni-
versity of Cambridge/DIOSynVax are using immunoinformatics-
derived peptide sequences of S protein in their vaccine formula-
tions in addition to developing peptide-based COVID-19 vaccine.
Pragmatically, use of B-cells epitopes works due to its universality
in relation to the HLA-restricted T-cell specific vaccines [312,313].

Update towards COVID-19 vaccination

It is an urgent need for a new method to be emerged, for the
assessment of vaccine that is growing with the parameters like
immunity. For the better understanding of the response of vac-
cine heterogenecity with immunity, it is mandatory highlight the
molecular signature of vaccine [314].

Critical thinking about vaccine trail
Multiple research groups have designed potential vaccines;
however, there is a need of much more work to do. Like during
trail, it should be safe, it boost up the immune status of the body,
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or the use of large scale it have to be developed billions potential
oses so overcome the challenges of logistics, it must be approved
y the regulators of medicines [315].

atest update by WHO

The COVAX Facility, a mechanism designed to guarantee rapid,
air and equitable access to COVID-19 vaccines worldwide, secured
ngagement from more than 150 countries, representing over 60%
f the world’s population.

Seventy-five countries have expressed interest in financing the
accines from their own  public finance budgets and partnering
ith up to 90 lower-income countries that could be supported

hrough the COVAX Advance Market Commitment. The COVAX
acility forms a key part of the Access to COVID-19 Tools (ACT)
ccelerator’s vaccines pillar, which is co-led by WHO  [316].

onclusion

Here in this review, it is for a systematic index of the overviewing
ackground of COVID-19 vaccination/public health; I) Discussing of
iral structure and life cycle of SARS-CoV-2 as owing a comprehen-
ive visualization about the key factor of the pandemic, II) COVID-19
s in view of clinical symptoms and the diagnostics tools to detect
he infection showing the secondary bacterial infection of COVID-
9, III) the currently therapeutic protocols for COVID-19 uncovering
he potential role of nanotechnology as COVID-19 fighter, as well as,
OVID-19 therapy in view of precision medicine, and IV) COVID-19
ommunication risks; socio-economic risks of the pandemic, and
he socio-medical precautionary measures as means of achieving

¨lattening of the pandemic curve,̈  alarming the point of preserv-
ng the drugs supplies/purchase. As well as we have integrated the
ext landscape of vaccination therapeutic approaches as ultimately
lobal seeks to tackle COVID-19 pandemic.

There is a prime requirement to respond for vaccines formu-
ation within no time in this pandemic via following the same
rotocols for MERS-CoV and SARS-CoV, as an emergent vaccination
iscovery approach to skip some initial steps of vaccine devel-
pment. Adoption of pre-established protocols, toxicological and
reclinical interpretations of closely related vaccines is possible for
eveloping a new one.
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