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AbSTRACT
 
 Currently, the deadly epidemic COVID-19 was exponentially spread across the world as a 
pandemic outbreak caused by a novel coronavirus, termed as SARS-CoV-2 (Severe acute respiratory 
syndrome coronavirus 2). In this view, the imminent danger of a pandemic situation surge the 
researchers and physicians to understand the molecular mechanism and pathology of this novel 
virus, in order to discover promising therapeutic drugs and vaccines to cure the diseases. At present, 
World Health Organization (WHO) updates on 27th June, 2020 for coronavirus disease (COVID-19) 
outbreak situation with confirmed cases of 9,653,048 and 491,128 deaths in 211 countries, areas 
or territories.  To control the global outbreak, robust measures have been implemented across the 
world to minimize COVID-19 disease spread, in specific restricting international and domestic flights, 
enforcing lockdowns in susceptible areas, social distancing, etc. Although, a very few broad-spectrum 
antiviral drugs was tested in clinical trials against COVID-19 virus, which resulted in patient recovery. 
Based on existing published data, this review extensively highlights the COVID-19 epidemiology, 
clinical manifestations, prognosis, treatment and prevention. In order to offer a detailed overview 
to public health officials and future readers all over the world, we explain the latest interpretation 
of COVID-19 and presented the current state of implementation of the medical intervention in this 
review. This review is hoped to help the public understand and combat with SARS-CoV-2, as well 
as provide a guideline for future research.

Keywords: COVID-19, Epidemiology, Pathogenesis, SARS-CoV-2, 
CRISPR/Cas13 System.
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INTROdUCTION

 At the end of the December 2019, 
an occurrence of unspecified pneumonia was 
documented in Wuhan, Province of Hubei, People's 
Republic of China. The clinical properties were 
also identical to viral pneumonia. After evaluating 
respiratory specimens, specialists at the Chinese 
government disease control and prevention reported 
that a novel coronavirus induced pneumonia, then 
identified as the novel coronavirus pneumonia1. 
The WHO has provisionally termed the disease 
as 'COVID-19'. The International Committee 
on Taxonomy of Viruses designated the virus 
Coronavirus-2 (SARS-CoV-2) as a severe acute 
respiratory syndrome on 11th February 20202. 
And WHO declared the SARS-CoV-2 outbreak as 
coronavirus disease 2019 (COVID-19)3.

 The coronaviruses were belongs to 
the largest group of nidovirales, includes the 
family coronaviridae, roniviridae and arteriviridae. 
Coronavir inae is one of two subfamilies in 
coronaviridae family, the other belongs to the family 
torovirinae. Further, the coronavirinae are subdivided 
into four group’s namely alpha, beta, gamma and 
delta coronaviruses. Based on serology, the viruses 
were primarily categorized into these groups and 
now sorted by phylogenetic clustering.

 The coronaviruses are smallest particle size 
of 65 nm and possess positive sense single-strand, 
RNA genome varying from 26 to 32 kb (kilo bases) 
in length. Coronavirus was sub-grouped as alpha 
(α), beta (β), gamma (λ) and delta (δ) coronavirus. 
The acute lung injury (ALI) leads to pulmonary failure 
and fatality in humans were caused by severe acute 
respiratory syndrome coronavirus (SARS-CoV), 
avian influenza A virus (H5N1), influenza virus A 
2009 (H1N1) and Middle East respiratory syndrome 
coronavirus (MERS-CoV).

 In 2002, the coronaviruses were believed 
to infect only animals, until the world experienced an 
outbreak of severe acute respiratory syndrome (SARS) 
caused by SARS-CoV in Guangdong, China4. 

 Presently, there are numerous researches 
on SARS-CoV-2 and COVID-19. This review 
provides a comprehensive overview on this 
viral infection, includes epidemiology, genome 

structure and organization, CRISPR/Cas13 system, 
pathophysiology, laboratory diagnosis, antiviral 
therapy, treatment and prevention of SARS-CoV-2. 
Our research would offer adequate information to 
understand this SARS-CoV-2 virus, and further 
scientific studies were needed to reduce disease 
outbreaks and to develop vaccines and new drugs.

Epidemiology
 Since 31 December 2019 and as of 26 June 
2020, 9 581 803 cases of COVID-19 in accordance 
with the applied case definitions and testing strategies 
in the affected countries have been reported, including 
489 182 deaths. Data provided by the WHO Health 
Emergency Dashboard report 9,653,048 confirmed 
cases of COVID-19, including 491, 128 deaths (as 
of 8:18am CEST, 27 June 2020). To date, there are 
cases in 215 Countries. Considering case comparison, 
in Americas there are 4, 816, 794 confirmed cases; 
Europe 2, 638, 903; Eastern Mediterranean 1, 006, 
279; Western Pacific 211, 774; South-East Asia 710, 
455; Africa 268, 102. The highest fatal cases have 
been recorded in the US (124, 161) followed by 
Brazil (54, 971), UK (43, 414), Italy (34, 708), France  
(29, 700), Spain (28, 338), Mexico (25, 060), India 
(15, 686) and other countries (Table1)5.

 The WHO5, dated on 11th February 2020, 
as of 10th March 2020, 113, 702 confirmed cases 
were reported global and 4012 deaths have been 
confirmed; 71% of all showed cases (80, 924) and 
78% of all COVID-19 (3140)-associated deaths are 
from China and its territories. Since the first detected 
case in Wuhan, 109 different nations have reported 
as a minimum one confirmed case of COVID-19. 
The WHO formally recognized China as a "very high 
chance" place for COVID-19. 

 Lu et al.,6 reported that some coronaviruses 
(CoVs) were originally transmitted through enzootic 
pathogens, confined only to their natural animal hosts, 
but crossed the barrier between animal and human 
species and progressed to human zoonotic diseases. 
As a result, these cross-species transmission allowed 
coronaviruses (CoVs) such as acute respiratory 
syndrome coronavirus (SARS-CoV) and, Middle 
Eastern respiratory syndrome (MERS-CoV) jumped 
from avian, animal to human to develop a virulent 
strain. The consecutive outbreak of SARS in 2003 
resulted in a pandemic situation with 8096 confirmed 
cases and 774 mortality cases reported worldwide 
resulting in a death rate of 9.6 percent7.



623NAINANGU et al., Orient. J. Chem.,  Vol. 36(4), 621-631 (2020)

 During the period of April 2012 to October 
2018, about 2229 laboratory confirmed cases have 
been reported globally, since the Middle Eastern 
respiratory syndrome (MERS-CoV) outbreak 
including 791 deaths with a case fatality rate of 35.5 
percent 8. COVID-19 began emerging at several local 
hospitals in Wuhan, Hubei Province, China at the 
end of December 2019. Clinicians have diagnosed 

this illness as a virus induced pneumonia, based on 

clinical symptoms, X-rays and serological diagnosis. 
Initial epidemiological investigations indicated that 
the majority of reported cases were related to their 
exposure in local Huanan seafood wholesale market 
in Wuhan, China. Apart from seafoods, several types 
of live wild animals were available in this market for 
trade throughout the year until it was enforced to 
shutdown the market on January 1st 2020.

Table 1: global epidemiological forecasts of 
coronaviruses outbreak in several countries  

(data from the Official World Health Organisation)5

S.No Country Total Confirmed Cases Total Death

  1 Australia 7,595 104 
  2 Brazil 1,228,114  54,971
  3 Cameroon 12,592 313 
  4 Chile 263,360 5,068
  5 China 85,172 4,648
  6 Denmark 12,675 604
  7 Egypt 62,755 2,620 
  8 Finland 7,191 328
  9 French Polynesia 60  0
 10 Germany 193,243  8,954
 11 Ghana 15,834 103
 12 Guam 240  5
 13 India 508,953  15,685
 14 Iran 217,724 10,239
 15 Italy 239,961 34,708
 16 Japan 18,297 971
 17 Mexico 202,951 25,060
 18 Netherlands 50,005 6,103
 19 New Zealand 1,172 22
 20 Nigeria 23,298 554
 21 Northern Mariana Islands 30 2
 22 Pakistan 198,883 4,035 
 23 Peru 268,602  8,761
 24 Republic of Korea 12,653 282
 25 Russia 627,646  8,969
 26 Saudi Arabia 174,577  1,474
 27 South Africa 124,590 2,340
 28 Spain 247,905 28,338
 29 Sweden 65,137 5,280 
 30 Turkey 194,511  5,065
 31 United Kingdom 309,364 43,414
 32 United States 2,407,590  124,161

 As anticipated, the Chinese Center 
for Disease Control and Prevention (CDC) has 
isolated SARS-CoV-2 from the Huanan seafood 
marketplace in environmental samples, which 
turned into answerable for the origin of outbreak. 
Hung and his coworker9 reported of these decisive 
end become disputed because cases did not linked 
to the marketplace. Further, it also changed to the 
location that at least two cases with one of a kind 
SARS-CoV-2 had occurred a few months before 
COVID-19 was formally reported by Xiong et al.,10.

 Recently, Yu11 and his group reported 
the latest phyloepidemiological evaluation reveals 
that SARS-CoV-2 might have been imported from 
different places at the Huanan seafood marketplace. 
Till date, it remains conflict with the first outbreak 
of SARS-CoV-2 because the epidemiological and 
etiological researches are being conducted through 
the Chinese language health government.
Transmission of Covid-19. 

 Individuals will get COVID-19 infection 
from other individuals who harbor the virus and it 
can transmit from one person to another through 
droplets or droplet nuclei from nose or mouth through 
coughs or sneezing. Such droplets are landed on 
fomites and surfaces around the human. Several 
persons will acquire the COVID-19 infection through 
touching the contaminated objects or surfaces and 
subsequently rubbing their eyes, nose and mouth. 
Individuals may also acquire the infection, if they 
breathe the droplets carrying viral particles which 
expelled from COVID-19 infected person. Hence, it 
remains vital to stay more than 1 meter away from a 
sick person. The WHO is reviewing ongoing research 
on distribution of COVID-19 and will continue the 
investigation until the end of 20204. 

genomic organization 
 As described earlier, coronaviruses are 
enveloped linear, non-segmented, positive-sense, 
single-stranded RNA genome of about 27–32 kb. The 
viral genome contains a cap structure at 5′ end and 
poly (A) tail sequence 3′ terminal end which allows 
it to act as an mRNA for the translation of replicase 
polyproteins. About two-thirds of viral genome  
(20 kb) was occupied by replicase gene encoding 
the nonstructural proteins (nsps), as divergent to the 
structural and accessory proteins, which form only  
10 kb of the viral genome. It has been well documented 
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that viral genome contains a transcription regulating 
leader sequence (TRS), 5′ untranslated region (5′ 
UTR) and 3′ untranslated region (3′ UTR) with 
several stem loop structures required to replicate 
and transcribe RNA. 

 In addition, transcriptional regulatory 
sequences (TRSs) are required for expression of 
structural or accessory genes at the beginning of 
these genes. The 3′ untranslated region (3′ UTR) 
also contains the RNA structures necessary for 
the replication and synthesis of viral RNA. The 
coronavirus genome structure contain 5′-leader-UTR-
replicase-spike (S)-envelope (E)-membrane (M)–
nucleocapsid (N)-3′UTR poly (A) tail, with accessory 
genes interspersed at the 3′ end of the structural 
genes inside the cell. The accessory proteins are 
almost entirely less important for replication in tissue 
culture; however, several studies have been shown 
to have important roles in viral pathogenesis12.

Pathophysiology
 The mechanisms of coronavirus (CoV) 
pathophysiology and its virulence linked with the 
functions of nsps and structural proteins of SARS-
CoV-213. Coronaviruses (CoVs) are enveloped 
with nucleocapsid, positive-stranded RNA viruses. 
Considerations of viral structure and genome 
are inevitable to understand the pathogenetic 
mechanisms of SARS-CoV-2. The single stranded 
RNA genomic structure of CoVs is organized 
about 30 kb in size, being the largest well- known 
RNA viruses with a 5′ end cap structure and 3′ 
terminal poly-A tail. The synthesis of polyprotein 
(pp)1a and 1ab from viral RNA is recognized in 
the host. The transcription process takes place in 
replication-transcription complex (RTC) arranged in 
double-membrane vesicles and transcribe through 
subgenomic RNAs (sgRNAs) sequences. Specific 
structural and accessory proteins transcribed by 
specialized sgRNAs are evident in diverse CoVs14.

 Notably, termination process takes place in 
transcription regulatory sequences which situated 
between the open reading frames (ORFs) and act 
as template for subgenomic RNAs synthesis. At 
least six ORFs may be present in the atypical CoV 
genome. A frameshift between open reading frames 
(ORFs) 1a and 1b facilitates the development of 
polypeptides (pp) 1a and 1ab that are processed 
with viral gene encodes chymotrypsin like protease 

or main protease and papain like proteases to 
synthesize 16 non-structural proteins. Other ORFs 
encode for structural protein contain nucleocapsid 
proteins, membrane and spike proteins along with 
some accessory proteins14.

Evolutionary Perspectives of SARS-Cov-2 
 Bats are vectors of a variety of pathogens 
to cause disease, which are known to infect both 
domestic animals and humans. Human behaviors 
that increase exposure to bats will likely to increase 
the risk of infectious diseases and transmit from bats 
to humans in the future. Bats were established as the 
possible reservoir for coronavirus (CoV) with severe 
acute respiratory syndrome (SARS)15. While bat is 
documented as a reservoir for SARS-like CoVs, it 
cannot infect human beings directly, unless they are 
mutated or undergo recombination in host animals16. 
For example, animal hosts SARS-CoV (severe 
acute respiratory syndrome) pandemic in 2003, 
transmit from bats to palm civet and subsequently 
transmitted to humans. Similarly, MERS-CoV (Middle 
East respiratory syndrome) in 2012, transmit from 
bats to dromedary camel, before infecting humans. 
With regard to the SARS-CoV-2 intermediate animal 
host, it has been reported that the 99% sequence 
similarity between pangolin origin CoVs and human 
infecting SARS-CoV-2, signifying that SARS-CoV-2 
could be of pangolin origin17. 

 Several Chinese studies track other possible 
SARS-CoV-2 animal hosts, which are of great 
importance for COVID-19 prevention and control.

Clinical manifestations
   The clinical characteristics of patients 
diagnosed with SARS-CoV-2 varied from moderate, 
non specific indications to acute pneumonia with 
impairment to the organ function. The major specific 
signs included fever (77.4–98.6%), coughing  
(59.4–81.8%), nausea (38.1–69.6%), shortness of 
breath (3.2–55.0%), muscle weakness (11.1–34.8%), 
sputum development (28.2–56.5%), and headache 
(6.5–33.9%)18-22. The minor symptoms were 
sore throats, runny nose, chest pain, hemoptysis, 
conjunctival inflammation, diarrhea, nausea and 
vomiting18-22. However, one study found that 39.6 
percent of 140 diagnosed COVID-19 patients had 
gastro-intestinal symptoms23 and another study 
Wang20 also found that 10.1 percent of patients 
had abdominal pain at the onset of infections. After 
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hospitalization, several patients didn’t progressed 
often have onset fever22, and even some critical 
patients also didn't even have fever. An infection with 
SARS-CoV-2, SARS-CoV and MERS-CoV exhibits 
several common clinical symptoms includes fever, 
cough, muscle aches, and shortness of breath24. 
Moreover, patients infected with SARS and MERS 
have higher almost one-third of gastro-intestinal 
intervention than patients infected with COVID-
1925. MERS has a significantly increased risk of 
renal dysfunction, common distinctive feature not 
often observed in other infections with human 
coronavirus26,27. Recently, Chen et al.,19 found that 
out of 249 patients tested, 90 patients (36.1 %) had 
one or more chronic health conditions that coexisted. 
Most common comorbidities were cardiovascular 
and cerebrovascular diseases observed in 55 
patients (21.7%), preceded by endocrine-system 
diseases in 25 patients (10.0%) and other patients 
have less common symptoms.

detection and diagnosis 
 WHO suggested to collect specimens 
such as sputum expectorate, bronchial aspirate, 
transthoracic aspirate, endotracheal tube speciemens 
and bronchoalveolar lavage from both the lower 
and the upper respiratory tract (throat specimens, 
nasopharyngeal swabs and nasal discharges) from 
infected patients. The analysis of bronchoalveolar 
lavage (BAL) samples should be performed only in 
manually ventilated patients, because lower samples 
of the respiratory tract appear to be positive for a 
longer duration. Samples should be held at 4oC. At 
present, RT-PCR analysis for COVID-19 commonly 
use samples collected from the upper respiratory 
tract using swabs for laboratory diagnosis. RT-PCR 
amplifies a small quantity of viral genetic material 
in a specimen which involves the synthesis of a 
double-stranded DNA molecule from the RNA mold. 
Reverse polymerase chain reaction (RT-PCR) is 
generally considered as gold standard method for 
SARS-CoV-2 virus identification.

 Depends upon the availability of genetic 
material, analysis was performed for certain retained 
parts of the CoV genetic code. The Shanghai public 
health clinical center and school of public health at 
Fudan University, Shanghai, China on virological 
organization identified probes based on the initial 
gene sequence and further confirmation by other 
laboratories. If the diagnostic test result becomes 

positive it is recommended to repeat the test for further 
confirmation through molecular diagnostic methods. 
If the patients have been confirmed for COVID-19 
diagnosis, the laboratory examination should be 
validated thoroughly in order to determine the viral 
clearance before discharge from observation.

 At present, laboratory diagnosis depends 
primarily on quantitative reverse transcriptase 
polymerase chain reactions for the detection of 
SARS-CoV-2 nucleic acid for effective virus isolation 
and genome sequencing of SARS-CoV-2. The novel 
coronavirus (CoV) detected in respiratory or blood 
samples is closely similar to the known SARS-
CoV-2 coronavirus, it could be used as a prognostic 
guide for SARS-CoV-2 infection. Currently, antibody 
detection reagents for immunoglobulin IgM, IgG and 
antigen detection reagents for SARS-CoV-2 have 
also been developed by using colloidal gold and 
enzyme-linked immunosorbent technologies28.

Antiviral therapy 
 Currently, there are no anti-SARS-CoV-2 
drugs and vaccines were available in the treatment 
centers. The most effective strategy for the production 
is 'existing drug, Revamped use.' Remdesivir (GS-
5734) is a broad spectrum drug developed by Gilead 
Sciences pharmaceutical companies in United States, 
it is a nucleoside derivative synthetic drug that can 
suppress Ebola virus and thus act as an antiviral 
agent. In vitro and In vivo studies indicated that a low 
dose of remdesivir possess strong inhibitory effect on 
SARS-CoV and MERS-CoV29.

 Remdesivir (GS-5734), a phosphoramidate 
prodrug of Pyrrolo[2,1-f][triazin-4-amino] adenine 
C-nucleoside possessing broad spectrum activity of 
antiviral property (Fig. 1). Remdesivir is a prodrug 

Fig. 1. Chemical structure of nucleotide adenosine 
analogue Remdesivir antiviral drug30
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of adenosine analog metabolized into GS-441524 
(active form), which interacts with RNA dependent 
viral RNA polymerase, thus evading viral exonuclease 
proofreading and blocking RNA synthesis. It exhibited 
a strong inhibitory effect against RNA dependent viral 
RNA polymerase with unaffected proof reading and 
low sensitivity to target genetic changes31. 

 Presently, a phase III scientific trial of 
radcivir for the treatment of COVID-19 changed 
into formally released at Wuhan Jinyintan clinic on 
5th February 2020 under the management of China, 
Japan friendship health center, and its efficacy may 
be evaluated the use of strict dual-blind clinical 
approval. Recently, In vitro studies demonstrated 
strong inhibitory activity of radcivir and chloroquine 
on SARS-CoV-216. In addition, alpha interferon 
inhalation, ralproveravir, ritonavir and intravenous 
ribavirin (Fig. 2) injection can also be prescribed 
by the National Health Commission (2020), step in 
with the radical coronavirus pneumonia analysis and 
treatment strategy (Trial version 6)32.

used to identify zika virus (ZIKV) and dengue virus 
(DENV)35. Previously, Zhang et al.,36 reported that 
CRISPR/Cas13-based SHERLOCK techniques were 
used to identify SARS-CoV-2. Though, the CRISPR/
Cas13 system yet to be checked as it was not 
validated on COVID-19 patients clinical samples.

Current scenario  
 Animal models play a vital role in identifying 
pathways of viral pathogenicity from entry to 
transmission and to develop targeted therapies. 
Subsequently, several animal models were used 
to investigate the replication of SARS-CoV that 
exhibited signs of serious infection37. When 
compared to SARS-CoV, pathogenesis of MERS-
CoV has not been detected in small laboratory 
animals (mice and hamster). 

 Mice are not prone to MERS-coronavirus 
infection due to the non-compatibility of the DPP4 
receptor38. The complete genome of novel coronavirus 
(COVID 19) is extra than 80 percent, similar to the 
preceding human SARS-like bat CoV, previously 
animal models were used to identify the  pathogenicity 
of SARS-CoV-2 infections. The mobile receptors 
of human ACE2 are identified through both severe 
acute respiratory syndrome coronavirus (SARS-CoV) 
and novel coronavirus (CoV). Plausibly, genetically 
modified hamsters or mice accompanied by TALEN or 
CRISPR could be applied to assess the pathogenesis 
of novel coronaviruses (CoV). SARS-CoV was 
reported to replicate and cause severe illness in 
rats (F344), where a mutation takes place at spike 
glycoprotein was identified in the collection study39.

 Currently, by way of the stop of 2019, 
the WHO has been informed via the chinese 
language government of many patients with 
pneumonia of unknown cause (etiology). The 
pandemic coronavirus outbreak started from the 
Hunan seafood marketplace in Wuhan metropolis, 
China, and extra than 50 human beings have been 
unexpectedly infected. Live animals are regularly 
offered on the Hunan seafood market, inclusive 
of bats, ducks, frogs, rats, marmots and rabbits40. 
On 12th January 2020, China's countrywide health 
commission posted greater information at the 
outbreak, suggesting viral pneumonia40.

 Phan41 and his group reported (2020) 
from the collection-based totally evaluation of viral 

Fig. 2. Chemical structure of Ribavirin antiviral drug33

Ribavirin

Nucleic acid detection
 Viral diagnosis is a critical aspect of COVID-
19 arsenal. After the initial outbreak, laboratory 
based diagnostic methods were used to detect the 
viral genome sequence through RT-PCR or next 
generation sequencing technologies became rapidly 
accessible. Subsequently, a number of biotechnology 
companies rapidly developed nucleic acid detection 
kits, sequencing systems and several fluorescent 
quantitative kits have been ratified expeditiously by 
the China Food and Drug Administration (CFDA)34.

CRISPR/Cas13 System
 If the patient samples contain low viral 
load concentrations as 1 copy per microliter, the 
Cas13-based SHERLOCK (specific high-sensitivity 
enzymatic reporter unlocking) system was widely 
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particles from the patients, the virus turned into 
diagnosed as a unique coronavirus. Additionally, 
the genes sequence was also provided for the viral 
infection analysis. To begin with, it has become 
recommended that people in China who have 
been infected with Wuhan coronavirus induced 
pneumonia may also have exposure to the seafood 
marketplace, where live animals have been traded 
or may have used infected animals and birds as a 
food source. Additionally, recent studies found that 
some people received less contamination inspite 
of no document for exposure to seafood market. 
These findings demonstrated that the transmission 
of virus from person to person, which consequently 
became suggested around 100 countries worldwide. 
The transmission of the virus from person to 
person occurs through close contact with an 
infected individual exposure to coughing, sneezing, 
respiration droplets or aerosols. Droplets containing 
viral particles can enter the human body through 
inhalation (lungs) and touching the nose or mouth.

Treatment
 There may be no unique antiviral remedy 
proffered for COVID-19, and there is currently no 
vaccine available. The alternative treatment option is 
symptomatic, and oxygen supply through ventilation 
provides the significant remedy for patients with life 
threatening conditions. In cases of respiratory failure 
refractory to oxygen therapy, mechanical air flow 
could be critical, while hemodynamic assistance is 
crucial to coping with septic shock42.

Other treatment
 Among other therapeutic interventions, 
systemic cor ticosteroids for combating viral 
pneumonia or acute respiratory distress syndrome 
(ARDS) are not recommended. Furthermore, 
unselective or beside the point management of 
antibiotics have to be averted, even though some 
centers suggest it. Even though no antiviral remedies 
were permitted, several drugs have been proposed 
which include lopinavir/ritonavir (400/100 mg)  
(Fig. 3), chloroquine (500 mg) and hydroxychloroquine 
(200 mg) for every 12 hours. Alpha-interferon  
(5 million gadgets with the aid of aerosol inhalation two 
times according to day) was used for treatment43,44.  

Fig. 3. Chemical structure of protease inhibitors antiviral 
drugs30

Lopinavir

Ritonavir

 Chloroquine (Fig. 4), 7-chloro-4-(4-
diethylamino-1-methylbutylamine)-quinoline was 
synthesized by 4,7-dichloroquinoline interacting 
with 4-diethylamino1-methylbutylamine45-47. 
Hydroxychloroquine (Fig.4), 7-chloro-4-[4-[ethyl(2-
hydroxyethyl)amino]-1-methylbutylamino]quinoline, 
was synthesized by a process related to that of 
producing chloroquine. 1-chloro-4-pentanone 
react with 2-ethylaminoethanol yields 4-[ethyl(2-
hydroxyethyl)amino]-1-methylbutylamine to the 
respective aminoketone, which undergoes reductive 
amination further it reacts with 4,7-dichlroquinoline to 
yield hydroxychloroquine48,49. However, chloroquine 
and hydroxychloroquine structure and mechanism 
of action was relatively similar along with a specific 
hydroxy moiety in one HCQ terminal. Both exist 
as a weak base which could alter the pH of acidic 
intracellular organels like endosomes/lysosomes, 
which is necessary for membrane fusion. It is 
recommended that both the agents could be powerful 
drugs against SARS-CoV-1 and SARS-CoV-25051.

Heterocyclic antiviral drugs
 Previously, several heterocyclic compounds 
were being used to treat various viral diseases and 
with evidence of plausible efficacy for SARS-CoV-2, 
some of the compounds are being tested to treat 
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COVID-19 disease through In vitro studies as well 
as by direct therapeutic approaches. Heterocyclic 
antivirals drugs includes galidesivir, darunavir and 
umifenovir (Fig. 5.) were used to treat  HIV, influenza 
A (H1N1), influenza A virus subtype (H1N5) avian flu 
and severe acute respiratory syndrome (SARS) which 
are actively practiced for assessment of SARS-CoV-2. 
Neuraminidase inhibitor, oseltamivir (Tamiflu) drug 
was commonly used to treat influenza, which has 
also been suggested to treat COVID-19 infections53.

obligatory chain terminator. Currently, the drug 
galidesivir used under clinical trials to treat SARS-
CoV-2 and also to treat ebola virus infections62-64.

 Umifenovir (C22H25BrN2O3S), ethyl 6-bromo-
4-[(dimethylamino)methyl]-5-hydroxy-1-methyl-2-
[(phenylsulfanyl) methyl]-1H-indole-3-carboxylate) 
(Fig. 5), an oral antiviral drug approved in Russia 
in 1993 (Arbidol®) and in China in 2006 for the 
prevention and therapeutic interventions of influenza 
A and B viral infections65. Earlier scientific and clinical 
research revealed that umifenovir could suppress 
replication of the SARS virus by In vitro studies66, 67.

Fig. 4. Chemical structure of aminoquinolones polymerase 
inhibitors antiviral drugs52,33

Chloroquine

Hydroxychloroquine

 Galidesivir (Immucillins), a sequence of aza-
sugar-C-nucleosides, exhibited efficient drug therapy 
for leukemia, autoimmune diseases, bacterial and viral 
infections54. Pyrrolidine nitrogen atom facilitates these 
nitrogenous bases to act as transition state analog 
inhibitors of certain nucleoside-processing enzymes 
including human purine nucleoside phosphorylase, 
4 5'-methylthioadenosine nucleosidase and 5'-
methylthioadenosine phosphorylase55. Inhibitors 
possess diverse pharmacological activities due 
to the diverse vital functions of these enzymes 
on several organisms. Most significant inhibition 
of quorum sensing by 4 5'-methylthioadenosine 
nucleosidase and anticancer activity by 5'-
methylthioadenosine phosphorylase and purine 
nucleoside phosphorylase56-58 and other effects 
include antiparastic and antibacterial activity59-61. 
Immucillin A exhibits a broad array of antiviral effect, 
and the blocker of RNA polymerase acts as a non-

Galidesivir

Umifenovir

Darunavir

Fig. 5.  Chemical structure of heterocyclic antiviral drugs30,33

 Oseltamivir phosphate (C16H28N2O4), 
( 3R ,4R ,5S) -4 -ace ty lam ino -5 -am ino -3 (1 -
ethylpropoxy)-1-cyclohexene-1-carboxylic acid, ethyl 
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ester, phosphate (1:1) is a white crystalline powder  
(Fig. 6). The molecular weight of oseltamivir and 
oseltamivir phosphate salt is 312.4 and 410.4, 
respectively68. Oseltamivir, an ester prodrug that is 
efficiently and completely hydrolyzed into oseltamivir 
carboxylate (active form) by In vivo, a potent and 
effective inhibitor of the influenza virus neuraminidase1 
and proved to be the prominent antiviral drug presently 
available in the market to combat a severe influenza 
pandemic or epidemic outbreak69,70.

use transportable hand sanitizer after engaging with 
possibly infected surroundings and avoid touching 
their nose, eyes and mouth. Medical practitioners 
involved in the direct care of patients should wear 
the personal protective equipment (PPE) consisting 
of N95 or FFP3 masks, eye safety (goggles or face 
shield), robes, gloves and gowns to protect from viral 
transmission71,72.

CONCLUSION

 There has been an expeditious surge in 
research in response to the outbreak of COVID-19. In 
this early phase, published work mainly investigated 
the epidemiology, causes, clinical presentation and 
diagnosis, as well as the novel coronavirus prevention 
and controls. While these researches are significant 
to controlling the current public emergent situation, 
there is a need for more high-quality investigation to 
provide accurate and reliable strategies to monitor 
this sort of short- and long-term public health 
emergency. The potential for a human CoV pandemic 
remains a significant concern to international health 
security. Though, people around the world have not 
attained sufficient knowledge in preceding fights 
with SARS and MERS. Due to COVID-19 outbreak, 
SARS-CoV-2 received global attention as a potential 
pathogen in respiratory infections. In order to offer a 
concise overview to public health officials and future 
readers around the world, we have outlined the 
latest interpretation of COVID-19 and presented the 
current status of implementation of the interventions 
in this review.
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Fig. 6. Chemical structure of neuraminidase inhibitor, 
oseltamivir antiviral drugs30

Prevention
 WHO5, and different companies provided 
the following current guidelines are:

1. Keep away from the direct contact with 
individuals affected by acute respiratory 
infections.

2. Wash your arms often, especially after 
touch with infected human beings or their 
surroundings.

3. Keep away from unprotected contact with 
livestock or wild animals.

4. Persons with acute airway infection clinical 
symptoms should keep distance away from 
cowl coughs or sneezes with disposable 
tissues or towels, and wipe their arms.

5. Fortify the implementation of stringent safety 
guidelines for the prevention and control of 
infections in medical drug sectors.

6. People who can be immunocompromised 
should restrict themselves from public 
activities.

 The maximum effective strategy for the 
people should follow routinely clean their hands and 
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