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INTRODUCTION

ABSTRACT

The most discussed topic in today's world is COVID-19, an acute
respiratory disease caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) because of its contagious transmission
pattern, and morbimortality. The virus was originated by bats and in
December 2019, first spread to humans by unknown intermediate species
in Wuhan, China. The dramatic acceleration of the occurrence and death
toll of COVID-19 with no potential medicine and vaccine are enough to
explain its severity. This review summarizes multidisciplinary aspects of
COVID-19, including origin, epidemiology, symptoms, transmission,
pathogenicity, impact on world economy and advances in the use of
modern diagnostic procedures and methods. Further, we analyzed
extensively for various therapeutic strategies, potential drug options with
prospective vaccine candidates and challenges along the way. All data
were accumulated through extensive study of recent peer-reviewed
publications and authentic reports until June 7, 2020. Collectively, this
review would help to shed light on different dimensions of this ongoing
pandemic.

indicate its ferocity [3]. Developed countries like the

The whole world is silenced, and the streets get cleansed
in a matter of brief period, and the name responsible for
such act is 2019 novel coronavirus (2019-nCoV) or the
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). After the emergence of COVID-19 on December
31, 2019, in Wuhan, this outbreak hit all 30 EU/EEA
countries and the United Kingdom (UK) within March 15,
2020 [1]. In course of time, April 6, 2020, Spain, Italy, the
United States, France and the United Kingdom have been
infected catastrophically [2]. According to worldometer
(https://www.worldometers.info/coronavirus/), this
pandemic spread over 215 countries and territories by
June 7, 2020, and confirmed death cases were 402,564
where over 70,000 people died by last two weeks which

United States are now in the shortage of personal
protective equipments (PPE) including gloves, face
shields, gowns, and hand sanitizer for frontline healthcare
workers and high rates of infection are observed among
healthcare associates in Italy [4]. As there is no preventive
method, lack of intensive care unit (ICU), ventilator, and
diagnosing availability could simply raise the mortality
rate radically [5].

The origin of the pandemic is still hypothesized, though
the genomic identity of coronavirus isolated from human,
and the horseshoe bat Rhinolophus affinis showed
enormous similarities [6]. It is reported that human is the
only reservoir of the virus. Aside from droplet and contact
transmission, some cases suggest aerosol and fecal-oral
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transmission which needs further verification [7, 8]. After
the transmission of SARS-CoV-2, it generally takes 2-14
days for the viral incubation, and symptoms are expressed
afterward [9]. As the incubation period, is asymptomatic,
the affected person can transmit virus without knowing,
which is one of the major reasons for COVID-19 being a
pandemic. This evidence of transmission by the
asymptomatic carrier has already been found in a case
study, described a 20-year-old woman from Wuhan,
China, who passed the coronavirus to five family
members but never got physically sick herself [10].

In recent times, the world has reintroduced with some
concepts like social/physical distancing, quarantine,
lockdown and isolation. As there is yet no validated
preventive method, social/physical distancing is the best
possible way to limit the infection rate. Through locking
down people and contact tracing the infected ones,
necessary steps can be taken and that’s why rapid
diagnosis in mass scale is a necessity [11]. Though several
molecular and serological assays are developed as
diagnostics, shortage of reagents, lack of availability of
diagnosis, the rapidness of result generation and accuracy
of the generated result are creating chaos and anarchy
[12].

Until now, there is no Food and Drug Administration
(FDA) licensed drugs for the treatment of COVID-19, but
in recent times several drugs, for example, Chloroquine,
Remdesivir, Lopinavir-Ritonavir have received attention
[13]. Despite the multifaceted challenges, several
pharmaceuticals, institutions and universities have
embarked on the development of vaccines against SARS-
CoV-2, the best possible way to combat this pandemic
[14].

Given the current circumstances, the scientific
community is acting rapidly to bring an end to this
pandemic. This review aims to provide evidence of early
findings, epidemiology, transmission, pathogenesis, risk
factors, diagnosis, economic impact as well as suggesting
potential drug options, challenges and prospects to
develop the COVID-19 vaccine. Additionally, current and
upcoming research aspects have also been discussed.

ORIGIN AND NAMING

The world has witnessed three pandemic outbreaks by the
members of the family ‘Coronaviridae’ in the past two

decades. In November 2002, first Severe Acute
Respiratory Syndrome (SARS) by SARS-Coronavirus
(SARS-CoV) had been identified in Guangdong province,
Southern China. SARS outbreak continued till July 2003
and there were 8098 confirmed and 774 deaths. The
second outbreak, Middle East Respiratory Syndrome
(MERS) by MERS-CoV, was first reported in a 60-year-
old Saudi Arabian citizen in 2012. MERS was spread to
27 countries and there were confirmed cases and deaths
were 2494 and 858, respectively (about 1 in 3). Asian
civet cat (Paguma larvata) and dromedary camels were
the animal reservoir of SERS and MERS, respectively
which is shown in Figure 1. Recently, the last and
deadliest outbreak by the betacoronavirus genus is the
COVID-19 by a novel coronavirus where bat is suspected
as the zoonotic reservoir. It was first identified in
December 2019 in Wuhan, China and WHO declared it as
a “Public Health Emergency of International Concern” on
1% February 2020 [15] [16]. Till the writing of this article,
215 countries, areas or territories have been affected with
6,999,124 confirmed cases and 402,564 confirmed deaths

[3].

It is presumed that the natural host of SARS-CoV-2 may
be the bat Rhinolophus affinis, as the genome nucleotide
sequence of coronavirus detected from bat has 96.2%
whole genome identity with 2019-nCoV [6]. However,
the genetic distance suggests an intermediate in between,
which lately presumed as Malayan pangolins. After
analyzing 1000 metagenomic samples of pangolins, it was
found that 70% of them contained B-CoV and some
genome sequence shows maximum 99.92% similarity
with the 2019-nCoV [17].

Initially, the newly recognized human pathogen was
named as “2019-nCoV” by WHO on January 12, 2020.
Later on, the Coronavirus Study Group (CSG) of the
International Committee on Virus Taxonomy (ICVT)
suggested the name as SARS-CoV-2 as the placement of
2019-nCoV on February 11, 2020 [18, 19].
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Figure 1. Origin and transmission model of coronavirus.

TRANSMISSION AND PATHOGENESIS

According to the latest guidelines from Chinese Health
Authorities, SARS-CoV-2 generally transmits from
person to person via 3 main routes: 1) droplets
transmission, 2) contact transmission and 3) aerosol
transmission [20]. Infection transmitting droplets varies
into different sizes: respiratory droplets are >5-10 pm in
diameter, where droplets ranged <5um in diameter is
named droplet nuclei. Droplet transmission occurs when
a healthy individual is in close contact (1 meter) to
COVID-19 affected persons and his/her mucosae (nose,
mouth) or conjunctiva (eyes) get exposed to the infective
respiratory droplets (via sneezing and/or coughing). In
other way around, droplet nuclei are way lighter and stay
in the air for longer periods and can transmit to others who
are distant more than 1 meter, which should not be
mistaken with airborne transmission. To date, no airborne
transmission has yet been reported [8].

Direct or indirect contact happens when a subject touches
an infected person, a surface or object contaminated by
the virus and afterward touches his/ her mouth, nose or
eyes which could transmit the virus [20]. Some studies

suggested that, through specific medical setup and by
procedure specificity, 2019-nCoV could be airborne
through fomites and aerosol [8]. It is also noteworthy that,
there is evidence of COVID-19 infection leading to
intestinal infection and being present in feces [21]. In this
case subjects’ nasopharyngeal testing result came
negative, consecutive rectal swabs testing came positive
all around, indicating the possibility of fecal-oral
transmission [7]. However, the aerosol and fecal
transmission routes still need to be further studied and
confirmed before drawing public attention.

It should be noted down that though there had been a case
report from The New England Journal of Medicine
suggesting 2019-nCoV could be spread asymptomatically
[22], Kai Kupferschmidt, a correspondent of Science
magazine claimed the case report as flawed with
significant proves [23].

After entering the host through a different portal of entries,
Coronavirus (CoV) enters the host cells through binding
cell surface receptor by its spike proteins for its
replication and finally causing infection [24].
Angiotensin-converting enzyme 2(ACEZ2) is the spike
protein of 2019-nCoV for the entry [25]. By exploiting
the host cell machinery, viral proteins are translated from
CoV positive-sense  RNA, which further undergoes
proteolysis mainly by two proteinases namely,
coronavirus main proteinase (3CLpro) and the papain-like
protease (PLpro) [26]. CoV replicates its genomic
material by a replicase which is RNA-dependent RNA
polymerase (RARP) [27]. The above-mentioned spike,
RdRP, PLpro and 3CLpro are the possible logical targets
for formulating new therapeutics. Figure 2 illustrates the
mechanism of pathogenicity and potential therapeutic
development of SARS-CoV-2.

RISK FACTORS REGARDING COVID-19

Reports from the mainland China suggested that most of
the confirmed cases were mild or moderate but some of
the cases were severe (14%) and critical (5%) [28].
European centre for disease control (ECDC) stated that
the COVID-19 risk is moderate for the general people
[29] but very high for the older adults and persons who
are suffering from chronic diseases [29] [30]. Older age,
cardiovascular disease, diabetes, chronic respiratory
disease, hypertension, and cancer were all associated with
an increased risk of death. Some studies suggested obesity
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and smoking can increase the risk of severe illness [31].
A study from China found that the deaths between 40-60
year was 16.8%, more likely be to male and having a
comorbidity e.g. diabetes, cardiovascular disease,
hypertension, or chronic lung disease while who survived
were on average 17 years younger [32]. These results
have similarities with many other cases in China [31].
Other risk factors could be lack of ICU, ventilator,
sampling and testing materials which could accelerate
mortality rate [29]. Healthcare personnel are also at risk
as they must work in the clinic and hospital. Twenty
percent of responding workers were infected in Italy and
some of them died [33]. Some countries are even unable
to ensure personal protective equipment (PPE) to the
health workers and putting them at a great risk of infection
which could lead to death [33].

SIGNS AND SYMPTOMS

The symptoms of COVID-19 are not specific which could
be asymptomatic to death causing severe pneumonia.
Centre for disease control and prevention (CDC) declared
a wide range of symptoms include fever, cough, shortness
of breath, chills, repeated shaking with chills, muscle pain,
headache, sore throat and new loss of taste or smell. WHO
suggested that the COVID-19 symptoms are usually mild
and begin gradually [34]. From the previous knowledge
of MERS-CoV virus’s incubation period, CDC suggests
that the symptoms might take 2-14 days to appear after
the exposure [9]. One of the initial studies of 41 patients
in Wuhan, China by Chaolin et al. (2020) noted the most

common symptoms of the COVID-19 disease i.e. fever
(98%), cough (76%), myalgia or fatigue (44%). Some
atypical symptoms included as sputum (28%), headache
(8%), hemoptysis (5%) and diarrhea (3%). Dyspnea was
observed in almost half of the patients and 63% of patients
showed lymphocytopenia [35]. Lai et al. (2020) studied
three relatively large-scale data of pneumonia patients
(278) caused by SARS-CoV-2 in Wuhan [36]. Here, the
most common symptoms were fever (92.8%) followed by
cough (69.8%), dyspnea (34.5%), myalgia (27.7%),
headache (7.2%) and diarrhea (6.1%). Furthermore, a
small number of the patient had rhinorrhea (4.0%) and
sore throat (5.1%) [36]. Another study by Wei-jie Guan
and colleagues with 1099 laboratory-confirmed cases,
stated that 43.8% of patients had fever on admission and
88.7% by the time of hospitalization and 67.8% had cough.
Additionally, 83.7% of patients had lymphocytopenia and
only 3.8% had diarrhea [37]. One recent study reported a
new symptom for COVID-19 as the loss of taste and smell.
The authors claimed that 30% of positive patients from
South Korea experienced anosmia as primary symptom
and there is evidence of anosmia in Germany and ageusia
in Italy and Switzerland among COVID-19 patients [38].
Data from eight different research groups were
accumulated in Table 1 for getting a clear prediction of
the syndrome of COVID-19, where the most frequent
symptoms are fever (81.44%) followed by cough
(64.79%), dyspnea (31.6%), fatigue (28.71%), and
myalgia (27.71%). Other mention-worthy signs and
symptoms were headache, diarrhea, sputum production,
vomiting and nausea, etc.

Table 1. Summarization of the signs and symptoms of COVID-19 in percentage based on the clinical investigations of eight

research teams.
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Fever 87.9% 91% 98.6%

Cough 67.7% 68% 59.4%

Dyspnea 18.6% 44% 31.2%

Fatigue 38.1% 50% 69.6%

83%

82%

31%

96% 98% 97% 81.44%

47% 76% 2% 46.2% 64.79%

14% 55% 59% 31.6%

31% 41% 28.71%
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Myalgia/ 14.8% 22% 34.8%

Avrthralgia

Sputum production 33.4% 30% -
Headache 13.6 % 11% 6.5%
Diarrhea 3.7% 28% 10.1%
Nasal congestion 4.8% - -
Dizziness - 8% 9.4%
Anorexia - 24% 39.9%
Chest tightness - 38% -
Nausea 5% 9% 10.1%
Sore throat 13.9% - -
Runny Nose/ - - -
Rhinorrhea

Loss of appetite - - -
Vomiting 5% - 3.6%
Hemoptysis 0.9% 3% -
Chills 11.4% - -
Abdominal Pain - 7% 2.2%
Pharyngalgia - 4% -
Chest pain - - -

Conjunctival 0.8% - -

congestion

11%

8 %

2%

31%

1%

5%

4%

31%

20%

16%

10%

16%

6%

6%

10%

44%

28%

8%

3%

41%

7%

14%

23.1%

23.1%

7.7%

61.5%

7.7%

27.71%

13.93%

11.65%

9.81%

8.29%

8.05%

7.99%

4.75%

3.89%

3.11%

2.71%

18% - - - 2.25%

1% 6% - - - 1.95%

- 8% - - 1.49%

- - - - 1.43%

- - - - 1.15%

- - - - 05%

2% - - - - 0.25%

- - - - 0.1%

DIAGNOSIS OF COVID-19

Even if wvaccines and other legit therapeutics
establishments are underway, there is currently no Food
and Drug Administration (FDA) approved vaccines
available to conquer the pandemic. That’s why proper
diagnosis in mass-scale could minimize the infestation
through case identification, isolation and contact tracing
[11]. The diagnosis can be indicated as two types based
on their availability, result generation speed and
reliability. Different serological assays like Rapid
Diagnostic Test (RDT), Enzyme-linked Immunosorbent

Assay (ELISA) and Neutralization Assay are vastly being
used right now.

Compared to ELISA and Neutralization Assay which
takes 1-5 h and 3-5 days, respectively, RDT is the most
rapid immunoassay as it takes only 10-30 minutes to
generate the result [45]. Zhengtu Li and his team
developed a new immunoassay, point-of-care testing,
which can detect IgM and IgG simultaneously to detect
SARS-CoV-2 from the blood and serum samples within
15 minutes [46].

The test kit has shown some false-negative results as well.
It’s hard to determine when the patient exactly gets
infected and elevated IgM antibodies disappear after two
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weeks, which couldn’t meet the required peak of the IgM
antibody. The variation of individual antibody production
rate can be another reason for the false-negative result
exhibition of COVID-19 patients [46].

Rather than immunoassay based diagnosis, different
commercial and non-commercial serological testing
methods still under development which may show even
better and rapid viral detection [11]. Nevertheless,
molecular testing using real-time Reverse Transcriptase
Polymerase Chain Reaction (rRT-PCR) is the most
accurate diagnostic procedure because of its ability to
target or identify specific pathogens [11]. The samples are
collected from the subject’s respiratory tracts. Though
upper respiratory samples (nasopharyngeal and
oropharyngeal swabs, nasal aspirates) are broadly
recommended, lower respiratory samples (sputum, BAL
fluid, and tracheal aspirates) are also tested when patients
are showing negative test result from upper respiratory
samples but exhibiting productive cough and all other
COVID-19 symptoms [12]. RNA is extracted from the
samples, which is converted to complementary DNA
(cDNA) through the reverse transcription process,

followed by specific region amplification through primers.

The RdRP gene (RNA-dependent RNA polymerase gene)
in the ORF1ab region, the E gene (Envelope protein gene)
and the N gene (nucleocapsid protein gene) are
discovered as the conserved sequence of SARS-CoV-2
and vastly in use as primers in the detection process [47].
The assay can then be configured as a two-target system
where one primer is responsible for detecting numerous
types of coronaviruses including SARS-CoV-2, whereas
the other primer is specified only for SARS-CoV-2
detection. After optimizing the assay conditions by taking
rigorous steps to set reagent condition, incubation times
and temperatures, the PCR test takes place. To ensure the
reliability of the test and to detect experimental failures,
controls must be carefully chosen [11].

Though viral nucleic acid RT-PCR testing has become the
current preferable diagnostic method for SARS-CoV-2
detection, there are some limitations as well. In this
crucial time, this testing procedure requires hours to days
to generate results, requires complicated laboratory setup,
expensive equipment and trained technicians to execute
the process. Aside from these, there had been some false-
negative cases of RT-PCR generated results [46]. Because
of the shortage and time consumption of RT-PCR, the
Hubei Province, China used chest Computed

Tomography (CT) scans temporarily for diagnosis, where
many X-rays are taken from different angles from the
patient’s chest to analyze cross-sectional images. The
indications of COVID-19 infection include bilateral and

peripheral  ground-glass  opacities (GGO) and
consolidations of the lungs [36].

POTENTIAL DRUGS AND SUPPORTIVE
ASPECTS

Although there are no approved drug therapies, common
anti-malarial drugs  Chloroquine  (CQ) and
Hydroxychloroquine (HCQ), developed in 1934, have
previously gained considerable attention as a possible
drug option for COVID-19. Chloroquine can inhibit the
viral entry to the host cell by inhibiting viral binding to
cell surface receptors and interfere with the viral
replication process. Besides, this broad-spectrum antiviral
drug can impede post-translational modification of viral
proteins [48]. High concentration of Chloroquine analogs
has exhibited anti-viral activity against SARS-CoV-2
(EC50=1.13 uM in Vero E6 cells), HIV, dengue, hepatitis
C, chikungunya, influenza, Ebola, SARS and MERS
viruses in vitro through inhibiting acidification of
endosomes [49] [50]. In China, multicenter trials of
Chloroquine phosphate against COVID-19 related
pneumonia exhibited effectiveness and safety of this drug
and is recommended for the treatment of COVID-19
associated pneumonia. More than ten hospitals in China
were involved in these trials and results from more than
100 patients exhibited that this drug was successful in
inhibiting the severity of pneumonia, relieving viruses
and improving the outcome of lung scanning [51]. In
April 2020, a trial on 62 COVID-19 patients with HCQ in
the Renmin Hospital of Wuhan University was uploaded
in the medRxiv server [52]. In this trial, 31 patients in the
control group received standard treatment and 31 patients
in HCQ treatment group received additional HCQ sulfate
tablet (400mg/d) for five days. 80.6% of the HCQ
treatment group exhibited improved pneumonia
conditions compared to 54.8% of the control group. Also,
four patients of the control group proceeded to severe
illness, whereas no patient of HCQ treatment group
confronted such a situation. In addition, body temperature
recovery and cough attenuation period were significantly
decreased in the HCQ treatment group compared to the
control group [52]. Though the Food and Drug
Administration (FDA) authorized temporary use of CQ
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and HCQ for the treatment of COVID-19 hospitalized
patients, on April 24, 2020 FDA reported the cautions
against the use of these two drugs due to the serious heart
rhythm problems in COVID-19 patients [53]. The study
conducted on 368 COVID-19 patients surprisingly
supports the findings of FDA as either HCQ or HCQ with
Azithromycin  could not lower the breathing
complications, but the patients treated with only HCQ
elevated mortality [54]. Therefore, it needs further
investigations regarding the protective roles of HCQ
alone and combined with Azithromycin or other
antibiotics and other therapeutic molecules. A recent
study published in the Nature Cell Research showed
Remdesivir was highly efficient in controlling 2019-
nCoV in Vero E6 cells and in a human cell line [49]. In
Washington, Remdesivir was administrated to a 35-year-
old man, the first case of COVID-19 in the United States.
Remdesivir exhibited promising outcomes in that case,
however, controlled trials are required [21]. A
randomized and controlled trial sponsored by the National
Institute of Allergy and Infectious Diseases (NIAID)
revealed that Remdesivir treatment resulted in faster
recovery of hospitalized advanced COVID-19 patients
[55]. In particular, remdesivir treatment group exhibited
31% faster recovery (11 days) time than that of placebo
group (15 days) [55]. However, in ten hospitals in Hubei,
China, randomized, double-blind, placebo-controlled trial
of remdesivir on COVID-19 patients didn’t show
expected result. Among 155 remdesivir administrated
patients, 102 (66%) exhibited adverse effect and in 18
patients (12%) were stopped early due to the unfavorable
effects [56]. The status of pneumonia was surprisingly
improved within 24 hours in remdesivir administered
COVID-19 patients without specific side effects in USA
[57,21]. Lopinavir showed in vitro inhibitory activity
against SARS-CoV and MARS-CoV and a combination
of lopinavir-ritonavir with ribavirin (a guanosine
analogue) reduced the death risk in SARS patients. The
actions of ribavirin plus both intereferon-o and
ciclesonide, a glucocorticoid drug (prescribed for asthma)
were also considered as SARS-CoV-2 therapeutic option
[58].

An RdRp inhibitor, favipiravir was used to treat Ebola,
emerging influenza in Japan and most recently COVID-
19 in China [59, 60]. However, a clinical trial on 199
SARS-CoV-2 infected patients treated with lopinavir—
ritonavir didn’t show any extra differences or benefits

[61]. Furthermore, on February 14, 2020, a clinical trial
of Favipiravir (RNA-dependent RNA polymerase
inhibitor) against COVID-19 was initiated by the Clinical
Medical Research Center of the National Infectious
Diseases and the Third People's Hospital of Shenzhen
showed that this drug had more formidable anti SARS-
CoV-2 activity than lopinavir/ritonavir without any
remarkable adverse effect [59].

Moreover, Azithromycin and Tocilizumab can be
prospective adjuvant therapy for COVID-19 [13]. An
antibiotic, Teicoplanin prescribed for Methicillin-
resistant Staphylococcus aureus (MRSA) which has been
reported to be functional against COVID-19 [62]; [63].
The clinical trials of a wide range of therapeutics such as
chloroquine/hydroxychloroquine, Bacillus Calmette-
Guérin (BCG) vaccine, recombinant human interferon
alpha-1b  (rhIFNa) nasal drop, lopinavir/ritonavir,
chloroquine plus azithromycin, imatinib, favipiravir,
telmisartan, colchicine, aspirin, statin and
dexamethasone conducted on thousand cases in many
countries like as Spain, Canada, Ireland, South Africa,
UK, USA, Zambia, China, Singapore, France, Australia,
New Zealand, Nigeria, Pakistan and Brazil have got many
primary findings but did not conclude absolute perfect
one for COVID-19 treatment [64]. These clinical trial-
based findings could not establish publicly accepted
protocol as well. The effective antiviral impacts of most
the tested drugs at extensive level against SARS, MERS
or SARS-CoV-2 were observed or the tested drugs were
shown to act as the immunomodulatory actions which are
believed to decreases the severe lung inflammation at
later stages of COVID-19 infection [65-67]. Co-
administration of darunavir and umifenovir showed anti-
SARS-CoV-2 effects in patient therapies to whom
intensive cares were also provided [66]. These findings
stressed the scientific communities for designing other
more specific antiviral therapeutics for COVID-19 and
also pushed the health care providers for exclusive
supports for COVID-19 patients.

It is reported that the nutritional aspects, together with
drug interventions not only mitigate CoV infections but
also boost up the immunity of the patients. Vitamins A, B,
C, D and E, omega-3 polyunsaturated fatty acids (PUFA)
as well as some metals such as selenium, zinc and iron
have been reported to possess protective roles against
Coronaviruses [68]. Therefore, the single or combined
use of them might be very effective nutritional support to
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combat against SARS-CoV-2. Also, the immune-
enhancers, for example, interferons, intravenous gamma
globulin, thymosin a-1, thymopentin, levamisole,
cyclosporine A and Chinese medicine exhibited
inhibitory activity against SARS-CoV, MERS-CoV and
avian infectious bronchitis viruses [68]. Potential
therapeutic development sites against SARS-CoV-2 have
been illustrated in the Figure 2.

SARS-CoV-2
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Figure 2. Simplified presentation of possible therapeutic development
sites for SARS-CoV-2. (a) If the entry of SARS-CoV-2 can be
inhibited into the host cells, it is possible to avoid its infections.
Monoclonal antibodies, convalescent plasma might be useful to
inhibit/modify the spike proteins, ACE2 of SARS-CoV-2 [69]. (b)
Positive RNA strand of the virus is directly translated by ribosomes of
the host cells. The translated polypeptides undergo proteolysis mainly
by two proteinases namely, proteinase 3CLpro and papain-like pro-
tease Plpro. Hence these two proteinases might be targeted to inhibit
peptide processing after translation. Lopinavir-ritonavir might be
useful in this regard. (c) RNA-dependent RNA polymerase (RdRP)
transcribes RNA strand from the viral RNA utilizing host cellular
machineries. Therefore, inhibition or inactivation of this reverse
transcriptase enzyme might be a good option from therapeutic
developmental views. For example, Remdisivir is a possible candidate
for reverse transcriptase inhibition.

CHALLENGES AND PROSPECTS TO DEVELOP
COVID-19 VACCINE

Challenges
In this current global outbreak of COVID-19, a potential

vaccine is a crying need to prevent and combat the disease.

Developing a vaccine for infectious disease is usually
very time consuming and requires enormous financial

support [70]. Safety is the primary concern in developing
drugs or vaccines, so it is not recommended to rush in
deploying COVID-19 vaccines without maintaining
proper safety measures [71]. There are some challenges
in developing the vaccine against COVID-19. For
instance, Tang et al. (2020) analyzed genomes of SARS-
CoV-2 from 103 patients in China and claimed for finding
differences in the genome [72], which added a new
concern in vaccine development as we might require
different vaccines for different genomes. Also, SARS and
MERS vaccine candidates intensified the lung disease
directly or through antibody-dependent augmentation at
preclinical trials. Moreover, to ensure the highest immune
response, the most important and critical part is the
optimization of antigen design and there is an argument
that whether targeting the whole viral protein or just the
receptor-binding domain will be the most suitable
approach [73]. Besides, a wide range of non-approved
drugs for SARS-CoV-2 are being applied to the infected
patients though some were effective some were not. As a
result, SARS-CoV-2 is getting exposed to different
therapeutic compounds which are providing the
opportunities to SARS-CoV-2 to be mutated and to be
more virulent to human. Changes in the genetic materials
might alter the currently available therapeutic targets such
as spike protein, RARP, the main two proteinases PLpro
and 3CLpro of SARS-CoV-2. Early studies reported
severe illness of SARS-CoV-2 at more than 60 years [74]
but recently severe cases have been found in young age
groups too, this might be the result of infection of new
SARS-CoV-2 strain emerged due to mutation or other
reasonable reasons. Besides, the natures of SARS-CoV-2
have not been studied to clearly in response to
geographical location and environment too. Moreover,
due to the lack of enough data, it is difficult to conclude
that people of which age groups are more susceptible to
SARS-CoV-2 infection as SARS-CoV and MERS-CoV
are strongly related to host conditions including age,
biological sex, and overall health [75].

Prospects

However, according to the landscape of COVID-19
candidate vaccines by WHO, until June 2, 2020, there are
ten candidate vaccines at clinical evaluation and 123
vaccine candidates are in preclinical evaluation [14]. The
University of Oxford and AstraZeneca researchers are the
first to begin phase 3 trial of their non-replicating viral
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vector vaccine and expecting the outcome by summer,
2020. The scientists are engineering a chimpanzee
adenovirus to carry DNA for the spike antigen [76]. Other
groups using non-replicating viral vector platform are
CanSino Biological Inc and the Beijing Institute of
Biotechnology, currently in phase 2 of their clinical trial.
RNA (mRNA) based approaches reached to clinical trials
by Moderna and National Institute of Allergy and
Infectious Diseases (phase 2) and BioNTech, Fosun
Pharma and Pfizer (phase 1/2) [14]. Similar to maximum
COVID-19 vaccines development approaches, Moderna's
candidate are attempting for training the immune system
in order to recognising SARS-CoV-2's spike protein [76].
Moreover, inactivated vaccines from Wuhan Institute of
Biological Products/Sinopharm, Beijing Institute of
Biological Products/Sinopharm and Sinovac are in the
phase 1/2 clinical evaluation. Clinical trial of a protein
subunit vaccine (phase 1/2) and a DNA vaccine (phase 1)
are conducting by Novavax and Inovio Pharmaceuticals
respectively. Furthermore, Institute of Medical Biology of
Chinese Academy of Medical Sciences is in phase 1 of
their inactivated vaccines’ clinical evaluation [14].

Among the preclinical vaccines of COVID-19,
approaches based on protein subunit are around one third
of total evaluation. Sanofi and GlaxoSmithKline,
University of Queensland, University of Alberta and
some other teams throughout the world are working on
protein subunit approach. Live attenuated vaccine is
developing by the Serum Institute of India/ Codagenix
and Indian Immunologicals Ltd/Griffith University.
Furthermore, some companies are working on nucleic
acid-based vaccines, for example Inovio Pharmaceuticals
(DNA Dbased), Curevac (mMRNA based). Live attenuated
vaccine is developing by the Serum Institute of
India/Codagenix and Indian Immunologicals Ltd/Griffith
University. Furthermore, some companies are working on
nucleic acid based vaccines, for example Inovio
Pharmaceuticals (DNA based), Curevac (MRNA based)
[77]. The development of viral vector vaccines against
SARS-CoV-2 is in progress by Tonix Pharma and Janseen
Pharmaceuticals by adapting the Horepox virus and
AdVac® adenoviral vector platform, respectively [78].
The updated list of vaccines against COVID-19 is
available at the Draft Landscape of COVID-19 candidate
vaccines by WHO.

UPCOMING RESEARCH TO COMBAT COVID-19

In course of time much more data are getting available to
case vitality rates, transmissibility, and overall natural
history of COVID-19 infection [79]. Considering the
potential warning of the pandemic COVID-19 infections,
researchers and physicians are trying their best to
understand the new pathophysiology of this novel

coronavirus to invent probable treatment strategies,
successful therapeutic agents and vaccines [80]. It can be
highlighted that antiviral strategies related to small
molecules and biologics focusing on complex molecular
interactions engaged with coronavirus infection and
replication. The drug-repurposing endeavor reported
herein emphasized predominantly on the agents proved to
be compelling against SARS-CoV, MERS-CoV and other
RNA viruses [81].

The present investigation of coronavirus related biologics
such as therapeutic antibodies, cytokines, and nucleic
acid-based therapies specially focused on virus gene
expression and different types of vaccines [80]. The raised
level of inflammatory cytokines IL-6, IL-2, IL-1p, IL-8,
IL-17, IFN-y, TNF-0, IP10, MCP-1, IL-10 and IL-4
resulted cytokine release syndrome (CRS) which might
have influential functions in the pathophysiology of
COVID-19 [66]. This cytokine aspect should be
considered by the scientific societies for the novel
therapeutic  development of COVID-19. Another
important consideration is reinfection of SARS-CoV-2
which is related to cellular immunity and neutralizing
antibodies. Hence designed anti-SARS-CoV-2 vaccines
should induce rigid cellular immunity and raise the
required level of titer of the neutralizing antibodies to
make sure no reinfection in the vaccinated populations
[82]. Therefore, it is necessary to formulate enzyme-
linked immunosorbent assay (ELISA) that enables to
quantify anti-receptor binding domain (anti-RBD)
antibodies and its correlation with neutralizing antibodies.
To generate SARS-CoV specific and neutralizing human
monoclonal antibodies (hmAbs), several methods have
been applied, for instance, transgenic mice immunization,
small chain variable regions’ cloning from immature and
convalescent patients as well as convalescent B cells’
immortalization [83].

A study on 129 COVID-19 confirmed cases at mild stage
in Wuhan Union Hospital of China suggested the antiviral
combined therapies at early stage of infection as it took 7
days less to eradicate viruses compared to late stage of
infected cases [84]. Zuo et al. recently demonstrated the
shortened SAR-CoV-2 shedding period by administering
combined actions of lopinavir/ritonavir plus IFN-o [85].
So, it is another window to carry on research for the
development of drugs/vaccines considering the patient
physiological situations at early stage of COVID-19
infections. In addition, low dose radiation (1.5 Gy) to
COVID-19 pneumonia patient's both lungs for 10-15
minutes resulted in the improved breathing and
recovery on an average 1.5 days [86].

In current situation, virophage (virus eater) might be
a potential research option to destroy this type of
notorious virus. It is mention-worthy, because of the
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emergence of multidrug-resistant bacterial infections,
phage therapy has undergone a renaissance [87].
Virophages are double-stranded DNA virus that can
infect other viruses and Sputnik was the first isolated
virophage which was isolated in 2008 [88,89].
Though virophage has a host range for large-size
viruses, future research may isolate prospective
virophage with a host range of SARS-CoV-2.

IMPACT OF COVID-19 ON GLOBAL ECONOMY

The pandemic is playing a devastating role to push the
global economy to the verge of great threat, affecting all
aspects of economy. According to the United Nations
Conference on Trade and Development (UNCTAD)
reports, Covid-19 is likely to cost the global economy a
minimum of $2 trillion in 2020 [90]. China, where the
SARS-Cov-2 virus originated in, is the world’s most
populous country and the world’s second biggest
economy with a GDP of $13.6 trillion. The country had
been fighting the pandemic since December 2019 and
taking a great toll in Gross Domestic Product (GDP)
which fall to 4.9% in 2020, compared to 6.1% in 2019.
The Organisation for Economic Co-operation and
Development (OECD) announced that growth prospect
for United States of America (USA) the world’s biggest
economy, lowered to 1.9% this year after 2.3% in 20109.
Consequently, global economic growth is predicted to
decline to 2.4% in 2020, compared to 2.9% in 2019 [91].

According to the World Travel & Tourism Council
(WTTC), tourism is a significant global sector
contributing 10.4% of global GDP and 10% of global
employments [92]. With the global spread of the virus,
the World Tourism Organization (UNWTO) has reported
that an estimated downturn in foreign tourist arrivals will
be between 20% and 30%, which could result in a drop in
international tourism receipts of between 300-450 billion
dollars [93]. In view of the deteriorated airline industry,
the International Air Transport Association (IATA)
estimated losses in the amount of $252 billion and a 44%
decrease in lost revenues [94].

General Administration of Customs acknowledged that
China, ranked first in goods and services exportation, falls
overall exports and imports by 17.2% and 4%,
respectively in the first two months of 2020. During that
time, industrial production in China dropped by 13.5%,
while industrial profit dropped significantly by 38.3%
[92]. The International Labour Organization (ILO) has
disclosed that the global economic downturn triggered by
COVID-19 will eliminate 5.3 to 24.7 million jobs, which
means by the end of 2020, a major drop of earnings
between $860 billion to $3.4 trillion will happen for the
workers [95]. In March 2020, as an example, the

unemployment rate in the USA rose by 0.9% to 4.4% [92].
This situation will, in the long term, lead to a deterioration
of human assets that has a great effect on countries'
economic development.

CONCLUSIONS

This study shows not only a universal scenario of the
occurrence, distribution, death toll and the aftermath of
the current pandemic due to COVID-19 but also the
scenario of biomedical research to develop
medicine/vaccine. Initially, a lot of studies have been
explored based on etiological, epidemiological and
diagnostic research. Now research on prevention and
control measures have been increasing gradually.
Potential studies in this dominion are crying need to
control the pandemic soonest possible and to minimize
the death toll. The public-private partnership, as well as
multinational collaborative research, is essential to
eradicate the virus SARS-CoV-2 from the universe like
smallpox. This study also recommends the global
scientific community and the policymakers for
provisioning short-term and long-term public health
protection measures to cope up with such type of public
health emergency.
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