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Abstract 

The outbreak of the deadly virus (novel coronavirus or Severe Acute Respiratory Syndrome 

Coronavirus-2) that emerged in December 2019, remained a controversial subject of intense 

speculations regarding its origin, became a worldwide health problem resulting in serious coronavirus 

disease of 2019 (acronym COVID-19). The concern regarding this new viral strain ―Severe Acute 

Respiratory Syndrome Coronavirus-2‖ (acronym SARS-CoV-2) and diseases it causes (COVID-19) is 

well deserved at all levels. The incidence of COVID-19 infection and infectious patients are 

increasing at a high rate. Coronaviruses (CoVs), enclosed positive-sense RNA viruses, are 

distinguished by club-like spikes extending from their surface, an exceptionally large genome of 

RNA, and a special mechanism for replication. Coronaviruses are associated with a broad variety of 

human and other animal diseases spanning from enteritis in cattle and pigs and upper chicken 

respiratory disease to extremely lethal human respiratory infections. With world health organization 

(WHO) declaring COVID-19 as pandemic, we deemed it necessary to provide a detailed review of 

coronaviruses discussing their 2019 Novel Coronavirus, history, current situation, coronavirus 

classification, pathogenesis, structure, mode of action, diagnosis and treatment, the effect of 

environmental factors, risk reduction and guidelines to understand the virus and develop ways to 

control it.  

Keywords: Coronaviruses, RNA viruses, SARS-CoV-2, COVID-19, Biocidal agents  

1. 2019 Novel Coronavirus 

A novel coronavirus (termed 2019-nCoV) was reported in December 2019 from genomic screening of 

clinical samples from patients with viral pneumonia in Wuhan, China. The primary viral pneumonia 

patients were found to be epidemiologically linked to the Huanan seafood market in Wuhan City, 

Hubei Province, China, where other non-aquatic animals, such as bats, pangolins and rabbits, were on 

sale before the outbreak [1, 2, 3]. Through the use of next-generation sequencing, a new, human-

infecting coronavirus, provisionally called 2019 novel coronavirus (2019-nCoV), was identified. 

Subsequently, on February 11, 2020, outbreak or disease previously known as ―novel coronavirus‖ or 

2019-nCoV was officially renamed as C-O-V-I-D-19 or COVID-19 and causal virus was named as 

―Severe acute respiratory syndrome-related coronavirus 2‖ or SARS-CoV-2 [4].  

2. Historical perspective 
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The importance of the class of coronaviruses in both medical and economic terms has become much 

more palpable since the First International Congress was organized in Germany in 1980. The 

incorporation of modern molecular biology and immunology has aided in providing fresh acumens 

into explaining the nature of the viruses and the pathogenesis of the diseases they cause [5]. Since the 

very earliest stages of Coronavirology the virus invited the interests of veterinary, medical, as well as 

basic scientists and it revolved around the clear virulence that these viruses had for the gastrointestinal 

tract, respiratory system, and nervous system. Baudette and Hudson probably made the first scientific 

annotations in 1933, when they described chickens ―gasping disease‖ and then communicated the 

disease to embryos [6]. Gasping disease has been seen as an appallingly deadly respiratory illness. 

This virus was subsequently recognized as an infectious bronchitis virus (IBV) that became the 

prototype of this family of viruses [7]. Isolation of the mouse hepatitis virus by Gledhill and 

Andrewes managed to draw the field for development [8]. They stated in their paper that the 

infectious agent they named as mouse hepatitis virus (MHV) would not have produced such extensive 

devastation in the event of gasping death. And thereafter important concerns were posed with the 

discovery of MHV. For example, combined infection with an otherwise harmless murine protozoan, 

Eperythrozoon coccids, lead to a lethal hepatitis. This resulted in the introduction of the concept that 

activation of the latent virus by different forms of stress is critical in disease pathogenesis [8, 9]. The 

discovery that the human respiratory viruses, mouse hepatitis viruses as well as the prototype 

infectious chicken bronchitis virus had analogous manifestations resulted in a classic 1968 publication 

classifying such viruses as coronavirus [8]. The paper published by Almedia, Berry, Cunningham, 

Hamre, Hofstad, Mallucci, McIntosh and Tyrrell used the characterization of Tyrrell in that the 

viruses exhibited "a characteristic fringe of broad, distinctive, petal-shaped spikes resembling a crown 

like the corona spinarum in religious art" [9]. In 1975, the International Committee on Virus 

Taxonomy named a new family with one genus coronavirus, Coronaviridae. Additional viruses 

including canine coronavirus, feline peritonitis virus, human enteric coronavirus, and transmissible 

pig gastroenteritis virus (TGEV), neonatal calf diarrhoea coronavirus (BCV) and rat coronavirus 

(RCV) have been identified [10]. Mahy has been the author of a review of the First International 

Congress on Coronaviruses in 1980, ―Coronavirus come of age‖ [11]. This symposium takes the field 

of animal virology one step further and brings the state of understanding of the coronavirus molecular 

biology to standards that will be followed by those researching the pathogenesis of both human and 

animal virus diseases [5]. 

3. Current Situation 

According to WHO situation report-59 (April 17
th
, 2020) COVID-19 is affecting 167 countries around 

the globe and 1 international conveyance [12]. The total number confirmed cases of the novel 

coronavirus, renamed as COVID-19, had gone up to more than 6.057853 million worldwide with 

371,166 deaths. There are currently 3,087,529 active cases out of total confirmed cases worldwide 

with 3,034, 131 (98%) in mild condition and 2% (53,398 cases) in critical condition. Out of the total 
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closed cases, 2,924,078 (89%) have recovered/discharged with 377,888 (18%) deaths so far [13, 14]. 

There have also been records of infections in medical workers and family clusters, and evidence of 

human-to-human transmission [4]. A few of the patients diagnosed had high fever and others had 

dyspnoea, with radiographs of the chest showing intrusive lesions in both lungs [14, 15, 16]. The 

average evolutionary rate for coronaviruses as a typical RNA virus is roughly 10-4 nucleotide 

substitutions per site per year [17], with mutations occurring during each replication cycle. The 

average evolutionary rate for SARS-CoV-2 as a typical RNA virus is roughly 8×10
–4

 nucleotide 

substitutions per site per year, with one mutation occurring in two weeks [18, 19]. This occurrence is 

similar to that of two viruses of the same family, SARS and MERS [20].  

The symptoms or signs of COVID-19 at the time of onset and over the course of disease include: 

fever or chills, coughing, breathlessness, fatigue, muscle ache, headache, nausea or vomiting, sore 

throat, congestion or running nose, diarrhoea, loss of smell (anosmia) and loss of taste (ageusia) [21, 

22]. The severity of the COVID-19 symptoms ranges from mild to critical: Mild (mild symptoms to 

mild pneumonia in 81%), severe (dyspnoea, hypoxia and 50% lung involvement in 14%) and critical 

(multi-organ failure, respiratory failure or shock in 5%). The fatality rate among critical cases was 

around 49% [23]. The fatality rate in COVID-19 was below and around 2% relative to the previous 

two epidemics (SARS and MERS), although only fewer than 15% of patients were requiring hospital 

services. Nevertheless, the SARS and MERS fatality levels were 10% and 34% respectively [24]. The 

overall case fatality rate for COVID-19 [25] was reported to be 2.3% from a study conducted in China 

and some studies showed that case fatality rate in Beijing, China was 0.9% [25]. In another study, 

Jung and colleagues have reported that COVID-19 has a 5.3% to 8.4% chance for fatality [27]. The 

case fatality rate in China was highest in age group of ≥ 80 (14.8%), 70-79 years (8.0%), 60-69 years 

(3.6%), 50-59 years (1.3%), 40-49 years (0.4%) and <40 years (0.2%) [23, 28]. According to U.S 

Epidemiological data, the case fatality rate was highest in age group of ≥85 (10-27%), 65-84 years (3-

11%), 55-64 years (1-3%) and <55 years (<1%) [29]. The median time of dyspnoea from onset of 

diseases or symptoms was between 5 and 8 days, the average time for acute respiratory distress 

(ARDS) from disease onset was 8 to 12 days and the mean time the patients received ICU from the 

onset of disease or the symptoms ranged between 10 and 12 days [30; 31]. In China, the average case 

fatality of patients without reported underlying medical problems was 0.9%. The fatality was greater 

for comorbidity: 10.5% for cardiovascular diseases, 7.3% for diabetes, and about 6% for chronic 

respiratory disorder or cancer [22; 31]. In mainland China, the median time from onset of symptoms 

to recovery rate in case of mild or severe patients ranges from 2 and 3-6 weeks. Moreover, the time 

from the onset of symptoms and developing severe hypoxia is one week. The studies conducted 

outside mainland China, the time from the onset of symptoms to recovery was 22.2 days at 95% 

confidence interval 18-83. Furthermore, the time from the onset of symptoms to death varies from 

20.2 days (95% confidence interval 15.1 -29.9) to 22.3 days (95% confidence interval 18 -82) [27]. 
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One effective tactics in the battle against COVID-19 is to keep the public informed about the progress 

through media, maps and graphics. Gao et al. [32] used cartograms for visualizing COVID-19 

expansion and spread. Their study included 31 Chinese provinces (except Hong Kong, Macau, and 

Taiwan) for the same source of data, namely provincial health commissions. After employing an area 

cartogram, they identified three main categories: contiguous, non-contiguous and circular. After 

testing all the three major types, circular was found to be the most appropriate in their case. Circular 

cartograms were coloured using proper scientific scheme with some minor constraints: (a) adjoining 

circles do not have the same color, and (b) each province’s color remained constant between different 

cartograms. Each cartogram has two important characteristics: a circle in each cartograms represents 

the province and its size is directly proportional to the number of COVID-19 cases reported from that 

province. Gao et al. [32] concluded from their study that the COVID-19 probably originated in Hubei 

and then spread to the other provinces. Another important study to map the changing internet attention 

to the spread of COVID-19 in China was carried out by Zhang et al. [33].  The investigators used 

cartograms to visualize the spread of COVID-19 and people’s internet attention in China based on 

diffusion method [34], effective in spatial data representation [35]. Zhang et al. [33] concluded from 

their study that the number of searches and COVID-19 cases showed a different pattern, probably 

because people not only refer to internet but use different social media platforms to share the disease 

information. Authors further argued that the number of searches decreased drastically in most 

provinces leading to reduced anxiety, provinces paid much attention towards the COVID-19 after 

declared public health emergency of international concern (PHEIC) indicating WHO as a vital 

functionary in fight against COVID-19 and number of searches from Hubei province wasn’t 

outstanding from other provinces. 

4. Coronavirus classification 

Coronaviruses (CoVs) are the Nidovirales order's largest group of viruses, including Coronaviridae, 

Arteriviridae, Roniviridae, and Mesoniviridae. The Coronavirinae forms one of two subfamilies in the 

family Coronaviridae, other one being the Torovirinae. Coronavirinae are divided into four categories: 

Alpha, Beta, Gamma, and Delta coronaviruses [36] (Figure 1). Initially, the viruses were divided into 

those groups based on serology, but are now distinguished by phylogenetic clustering. Both viruses 

are classified, in the class Nidovirales, non-segmented positive-sense RNA viruses. They all contain 

significant genomes for RNA viruses, with Coronavirinae having the largest known genomes for 

RNA, containing approximately 30 kilobase (kb) genomes. The main differences among the 

Nidovirus families are the number, shape, and scale of the structural proteins. Such differences cause 

significant changes in the structure and morphology of nucleocapsids and virions [37, 38, 39, 40]. 

5. Pathogenesis 

Until the SARS-CoV outbreak, coronaviruses were only thought to cause mild, self-limiting 

respiratory infections in humans. Four of the known human coronaviruses are α-coronaviruses 

(HCoV-229E and HCoV-NL63), and the four others are β-coronaviruses (HCoV-OC43 and HCoV-

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



5 
 

HKU1). One important feature of these viruses is the variability in susceptibility to genetic variations. 

HCoV-229E isolates have only marginal sequence divergence [41] whereas HCoV-OC43 isolates 

from the same region but are isolated in different years display significant genetic variability [42]. 

That explains the failure of HCoV-229E to cross the species boundary to infect mice while HCoV-

OC43 and the strongly related bovine coronavirus (BCoV) can infect mice and other ruminants. 

SARS-CoV, a 2b β-coronavirus species, was identified as the causative agent for the 2002–2003 

outbreak of Severe Acute Respiratory Syndrome (SARS) in China’s Guangdong Province. It is 

generally accepted that SARS-CoV originated in bats, because a large number of Chinese horseshoe 

bats exhibit sequences of SARS-related CoVs and provide serological evidence of an earlier CoV 

infection [43, 44] SARS-CoV primarily infects the epithelial cells within the lung. The virus can 

invade macrophages and dendritic cells but only progresses to an abortive infection [45, 46]. 

Nonetheless, infection of these cell types may be necessary for the activation of pro-inflammatory 

cytokines that can lead to disease [47]. The exact mechanism of lung damage and the cause of serious 

illness remains undetermined in humans. Globally, based on hospitalization data, the incubation 

period for SARS-CoV-2 ranges from 5.1 to 14 days, and about 80% of patients with mild or 

asymptomatic, 15% severe (needed oxygen) and 5% critical (needed ventilation) [14, 48]. Cough, 

fever and fatigue are among the most common symptoms [14]. The S protein and the SARS-CoV-2 N 

protein during infection are the two most immunogenic and predominantly expressed proteins [49]. 

6. Structure  

Coronavirus virions are spherical with diameters of roughly 125 nm, as described by cryo-electron 

tomography and cryo-electron microscopy studies [50, 51]. The very well-known feature of 

coronaviruses is spike club-shaped projections emerging from the surface of the virions. These spikes 

are a defining characteristic of the virion and give them the look of a solar corona by inspiring the 

name coronaviruses. Nucleocapsid lies inside the virion envelope. Coronaviruses possess helically 

symmetric nucleocapsids, which are uncommon in positive-sense RNA viruses, but are much more 

common in negative-sense RNA viruses. Coronavirus virus particles contain four primary structural 

proteins. These are the spike (S), membrane (M), envelope (E), and nucleocapsid (N) proteins all 

coded inside the viral genome's 3′ end. The S protein (available at 150 kDa), controls the signal 

sequence of the N-terminals to reach the ER. The M protein is by far the most abundant structural 

protein present in the virion. It is an integral part of its shape and is a tiny protein with 3 

transmembrane domains (25 to 30 kDa) [52]. Recent studies suggest that M protein exists as a dimer 

in the virion, and may adopt two different configurations to promote membrane curvature as well as 

nucleocapsid binding [53]. In small amounts within the virion, the E protein (first 8 to 12 kDa) is 

contained. E coronavirus protein is widely divergent but usually have common structural design [54].  

E protein's membrane topology is not completely known but most evidence says it's a transmembrane 

protein. This allows the virus to be installed and published but has other benefits as well. For 

example, E protein is not required for viral replication in the operation of ion channels in SARS-CoV 
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but is required for pathogenesis [55]. The single protein contained in nucleocapsid is the N protein. It 

consists of two separate domains, an N-terminal domain (NTD) and a C-terminal domain (CTD), both 

capable of binding RNA in vitro but each domain uses multiple modes to bind RNA. A fifth structural 

protein, hemagglutinin-esterase (HE), is found in a subset of β-coronaviruses. The protein acts as a 

hemagglutinin that binds sialic acids to surface glycoproteins, and has an acetyl-esterase activity [56]. 

These behaviours are suggested to enhance the entry of S protein-mediated cells and the spread of 

virus through the mucosa [57]. 

A most recent research to examine SARS-CoV-2's structural basis showed that its viral 3-

chymotrypsin-like cysteine protease (3CL
pro

) is retained in SARS-CoV-2 (Figure 2) [58]. 

Furthermore, the investigators find that the SARS-CoV-2 is quite similar to bat-SARS such as 

coronavirus 3CL
pro

 sharing 99.02 % of sequence identity, with key differences from other beta-

coronaviruses [59]. SARS-CoV-2 3CL
pro

 also holds a certain sequence identity with SARS-CoV 

(96.08%), MERS-CoV (87.00%), Human-CoV (90.00%), and Bovine-CoV (90.00%). SARS-CoV-2 

3CL
pro's

 physico-chemical characteristics showed that it contains 306 amino acid long polypeptides 

with a molecular weight of 33,796.64 Da and a Gravy score of -0.019 [58, 59, 60, 61]. Protein has 

also been described as stable, hydrophilic and able to form hydrogen bonds based on physico-

chemical analysis [58]. BLAST analysis found 12 point mutations between SARS-CoV and SARS-

CoV-2 3CL
pro

 enzymes, with the exception of Leu being replaced by Ala in position 286. Such 

mutations are likely to affect 3CL
pro’s

 structure and function. SARS-CoV-2 3CL
pro's 

3D various 

morphological analyses showed that the structural design is compatible with the SARS-CoV crystal 

structure, with root mean square deviation between homology model and prototype approximately 

0.629 Å. The binding site for substrates is situated in a cleft between domain I and domain II in 

SARS-CoV-2 3CL
pro

. A residue loop 184 to 199 crosses the domains N-terminal and Domain III 

which is also 135 called the domain C-terminal and includes a five-helix anti-parallel cluster [58]. 

7. Mode of Action 

The virions link to the host cell is triggered by interactions between the S protein and its receiver. 

Spots of receptor binding domains (RBD) inside the S1 region of a coronavirus S protein depend 

largely on the virus, with several having the RBD at the N-terminus of S1 (MHV) whereas others 

(SARS-CoV) have the RBD at the C-terminus of S1 [62, 63]. The S-protein / receptor interaction is 

the key determinant for a coronavirus to invade a host species and also controls the tissue tropism of 

the virus. Some coronaviruses use peptidases as their cell receptor. Most α-coronaviruses use 

aminopeptidase N (APN) as their receptor, SARS-CoV and HCoV-NL63 use angiotensin-converting 

enzyme 2 (ACE2) as the receptor, MHV comes in through CEACAM1, and the newly mentioned 

MERS-CoV binds to dipeptidyl-peptidase 4 (DPP4) to infect human cells [64]. Upon binding the 

receptor, the virus must have access to the host cell's cytosol. Acid-dependent proteolytic cleavage of 

the S protein is usually achieved by a cathepsin, TMPRRS2 or other proteases, accompanied by viral 

and cellular membrane fusion. S protein cleavage occurs at two sites inside the S2 fragment of the 
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protein, with the very first important cleavage for separating the RBD and fusion domains of the S 

protein [65] and the second important for revealing the fusion peptide (cleavage at S2′). Fusion 

usually occurs within acidified endosomes, however some coronaviruses, including MHV, can fuse in 

at the plasma membrane. Cleavage at S2′ shows a fusion peptide that incorporates into to the 

membrane, followed by two heptad repeats in S2 that produce an antiparallel array of six helixes [10]. 

The composition of this kit allows for the mixing of viral and cellular membranes, leading in a fusion 

and ultimately release into the viral genome cytoplasm. The next step in the coronavirus lifecycle is 

the gene replicase translation from of the genomic virion RNA. The replicase gene encodes two large 

ORFS, rep1a and rep1b, encoding two co-terminals of polyproteins, pp1a and pp1ab. The virus uses a 

slippery sequence (5′-UUUAAAC-3′) and an RNA pseudoknot to produce both polyproteins, 

allowing ribosomal frameshifting from the rep1a read frame into the rep1b ORF. The nsps 1–11 and 

1–16 contain pp1a and pp1ab polyproteins, respectively. In pp1ab, nsp11 from pp1a becomes nsp12 

following extension of pp1a into pp1b. There is no comparable nsp1 in π-coronaviruses however. 

Then these polyproteins are clogged into the individual nsps [66]. The nsps integrate into the 

Replicase-Transcriptase Complex (RTC) to create an environment that is conducive to RNA 

synthesis, and are liable for the replication and transcription of subgenomic RNAs. Synthesis of Viral 

RNA requires the transcription and assembly of complexes connected to viral replicas. The Viral 

RNA synthesis generates both genomic and subgenomic RNAs. Subgenomic RNAs serve as mRNAs 

for the structural and accessory genes residing downstream of replicas of polyproteins. Both genomic 

and subgenomic RNAs are produced in the negative-strand using intermediates. Many cis-acting 

sequences are essential for a replication of viral RNA. Within the genome's 5′ UTR, there are seven 

stem-loop structures which can stretch into the replicase 1a gene [67, 68, 69, 70]. 

The 3′ UTR comprises a bulged stem-loop, a pseudoknot, and hypervariable area [71, 72, 73, 74]. 

Ironically, at the 3′ end, the stem-loop and the pseudoknot overlap, and therefore cannot develop at 

the same time [72, 73, 74, 75]. Thus, these structures are suggested to handle alternate stages of RNA 

synthesis, although it is still unknown exactly what stages are regulated and their exact mechanisms 

involved. The novelistic feature of coronavirus replication is how the leader and body TRS segments 

fused during subgenomic RNA evolution. This was originally estimated to result during positive-

strand synthesis and is now reported to cause during discontinuous extension of the negative-strand 

RNA [76]. The current model suggests that the RdRp pauses at each of the body's TRS sequences 

(TRS-B); after this pause the RdRp either continues to extend to the next TRS or moves to reinforce 

the leader sequence at the 5′ end of the genome guided by the complementarity of the TRS-B with the 

leader TRS (TRS-L). Several pieces of research currently support this theory, including the 

appearance on the 3′ end of subgenomic negative-strand RNAs of the anti-leader sequence [77]. There 

are however several queries left to completely explain the pattern. After the RNA replication and 

subgenomic synthesis, the viral structural proteins, S, E, and M are encoded and incorporated into the 

endoplasmic reticulum (ER). Such proteins pass through the secretory pathway into the ERGIC 
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(Endoplasmic Reticulum-Golgi Intermediate Compartment) [78, 79]. There, viral genomes 

encapsidated by the N protein bud forming mature virions in ERGIC membranes that contain viral 

structural proteins [80]. In several coronaviruses, S protein which is not assembled into virions 

transits to the cell surface where it facilitates fusion between infected cells and adjacent, uninfected 

cells. This contributes to the creation of large, multi-nucleated cells which allow the virus to spread 

within an infected organism without the detection or neutralization of virus-specific antibodies. 

8. Diagnosis and treatment 

Also, diagnosis is important in areas where there is a severe CoV epidemic, as is currently the case in 

United States of America, India and Brazil. Cases recognizing will guide the effectiveness of new 

health strategies for disease prevention. RT-PCR has become the preferred method for human CoV 

diagnosis, because multiplex RT-PCR assays have been identified in real time, are able to detect all 

four respiratory HCoVs and could even be further adapted to new CoVs [81, 82]. RT-PCR is used for 

testing of COVID-19 in real time. To present, there are no anti-viral therapies directly targeting 

human coronaviruses, so treatments are supportive in nature only. The interferons (IFNs) are selective 

only slightly against in vitro coronaviruses [83]. IFNs in fusion with ribavirin may well have 

improved in vitro activity against those coronaviruses compared to IFNs alone; however, the viability 

of this in vivo combination needs further evaluation [84]. 

As there is no proven treatment yet for the virus and pneumonia it causes, there are more than 70 

drugs or combinations potentially worth trying [4]. An injectable drug named Remdesivir (Virus 

blocker by Gilead Sciences), a broad-spectrum antiviral drug is highly optimistic. It worked well in 

mice and monkeys infected with Middle East Respiratory Syndrome (MERS) but didn’t work well 

when administered to Ebola victims in the Congo basin 2008 [85]. According to the Centers for 

Disease Control and Prevention (CDC) treatments are mainly based on the kind of treatment given for 

influenza or flu and other severe respiratory illnesses called supportive care. This supportive care 

treatment especially treats symptoms like cough, fever and shortness of breath. In mild cases, 

acetaminophen (Tylenol) medication is used to reduce fever. Sometimes, COVID-19 patients are 

given antiviral drug Oseltamivir or Tamiflu, which suppresses virus reproduction in some cases. 

However, in the case of pneumonia treatment involves ventilation through a mask or tube injected 

directly into the windpipe [86].  Table 1 shows the potential drugs and mechanism for the treatment of 

COVID-19 diseases. Most information for the endemic human coronavirus strain (HCoV-) 229E 

suggest that it may remain infectious on different types of materials for 2 hours to 9 days. Extremely 

pathogenic MERS-CoV (Middle East Respiratory Syndrome-Coronavirus), TGEV (Transmissible 

Gastroenteritis Virus) and MHV (Mouse Hepatitis Virus) survival times have been shortened by 

higher temperatures such as 30 
o
C or 40 

o
C. Nonetheless, the lifespan of TGEV and MHV can be 

increased to about 28 days at 4 
o
C. Few comparative data obtained with SARS-CoV (Severe Acute 

Respiratory Syndrome-Coronavirus) indicate a prolonged persistence with higher inocula [87, 88, 89, 

90, 91, 92]. At room temperature, it was also shown that HCoV-229E survives better at 50 % 
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compared to 30 % RH [93]. In order to avoid inanimate surface transmission and contamination, 

suspended biocidal agents such as ethanol (78-95 %), 2-propanol (70-100 %), a mixture of 45 percent 

2-propanol with 30% 1-propanol, glutardialdehyde (0.5-2.5 %), formaldehyde (0.7-1 %) and 

povidone-iodine (0.23-7.5 %) were found to be effective in inactivating coronavirus infection. Sodium 

hypochlorite required a minimum concentration of at least 0.21 % [94, 95, 96] to be more effective. 

However, biocidal agents in carrier tests such as Ethanol at concentrations between 62% and 71% 

decreased infectivity of the coronavirus on inanimate surfaces by 2.0-4.0 log10 within 1 min of 

exposure time. Concentrations of 0.1-0.5% sodium hypochlorite and 2 % glutardialdehyde have also 

been quite effective with viral reduction of > 3.0 log10. Conversely, 0.04% of benzalkonium chloride, 

0.06% of sodium hypochlorite and 0.55% of orthophtaldehyde were less successful. Surface 

disinfection with 0.1 % sodium hypochlorite or 62-71 % ethanol seems to be promising in 

substantially decreasing surface contamination with coronavirus within 1 minute of exposure. Kampf 

et al. [97] are highly optimistic that biocidal agents will show similar effects on SARS-CoV-2. 

9. Effect of environmental factors on Viruses 

Various studies have identified the potential relationship between environment and respiratory 

infections, such as respiratory syncytial infection (RSV), which causes mild, cold-like side effects in 

adults and healthier children, SARS, and flu [98, 99, 100]. There is also some evidence that latitude 

may play a role in viral transmission, and there is considerable incongruity in the results of the study 

[100, 101]. At least three factors have been attributed to viral transmission due to change in seasons.1. 

Infection tolerance to the host may be due to seasonal melatonin fluctuations [103] 2. Metabolites of 

diet D or a deficiency in vitamin D can also weaken human immunity [104] 3. A difference in 

ambient temperature and relative humidity (RH) impact virus survival [105]. Spending more time 

indoors is postulated to improve the transmissibility of influenza. Viral vulnerability to RH tends to be 

an independent characteristic of a virus. For instance, in the next few studies the incidence of RSV 

will increase with increasing temperature but with lowering temperatures in others and peaks in 

different parts of the world at both low and high temperatures [106]. RSV is correlated with peaks of 

high and low temperature activity and 45–65 % RH, while one exclusive virus survives best at high 

RH and two others thrive best at low RH [107]. No link between survival and temperature has been 

found in a Swedish investigation [108]. RSV pastime was constant throughout the year in 

continuously warm and high humidity regions, as well as in areas where temperatures stayed cold 

throughout the year, but RSV operation was highest in temperate climates during the winter, 

associated with lower temperatures [98]. There is no definite proof that any single factor, be it a 

specific temperature, RH or geographic location, can be applied universally to a wide range of 

infectious viruses to reduce airborne or touch transmission, even though there is widespread evidence 

in the literature that perhaps the survival of viruses and various infectious agents depends to some 

extent on the RH levels [109]. 

10. Conclusion and perspective 
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The COVID-19 disease caused by SARS-CoV-2, that emerged in December 2019, remained 

a controversial subject of intense speculations regarding its origin, rapidly escalated into a 

global health emergency, posing a challenge to the existing health care system and scientific 

technology. Researchers have made significant progress in characterizing the SARS-CoV-2 

and are working extensively on prospective vaccines and virus therapies. In this backdrop, 

integrated biological and behavioural surveillance will be of prime importance in identifying 

the potential hotspots COVID-19 [100]. Due to the absence of successful therapeutics or 

vaccinations, the best approaches for managing human coronaviruses are to build a steady 

system of public health surveillance combined with rapid diagnostic testing and quarantine 

when appropriate. We also believe that policies must be reviewed regarding the utilisation of 

wild birds and animals as source of food. As the COVID-19 pandemic is rapidly spreading 

throughout the world. The Case rates and Case fatality rates are continuously fluctuating.  

Thus it is important to understand the dynamics of the virus holistically to develop ways to 

control it. Further more cooperation of government agencies, public health authorities, and 

healthcare professionals throughout the world is critical for managing the COVID-19 

pandemic. 
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Figure 1.   The taxonomy of order Nidovirales. 

 

Figure 2. 3D medical animation of coronavirus structure. Source: 

https://commons.wikimedia.org/wiki/File:3D_medical_animation_coronavirus_structure.jpg 

 

Table 1.  List of potential drugs currently being applied for the treatment of COVID-19 disease.  
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Potential Drug Mechanism Study 

Hydroxychloroquine HCQ a safe and effective 

treatment against 

COVID-19 

[110], [111], [112] 

 

Chloroquine Increasing endosomal pH, 

immunomodulating, 

autophagy inhibitors 

[113], [114] 

 

Azithromycin Significant reduction in 

viral load in COVID-19 

patients 

[110], [115] 

 

Human immunoglobulin Contain natural 

antibodies and proteins 

representing the first line 

of defence against 

pathogens 

[116], [117], [118] 

 

Remdesivir Blocks the replication of  

coronaviruses 

[119], [120] 

  

Arbidol (umifenovir) It blocks the entry of the 

virus into the host cell  

[121], [122] 

 

Oseltamivir Inhibitor of viral 

neuraminidase and 

consequently blocks the 

release of viral particles 

from the host cell  

[120], [121], [123], [124] 

 

Lopinavir-ritonavir Inhibiting HIV-1 protease 

for protein cleavage, 

resulting in non-

infectious, immature viral 

particles 

[125], [126] 

 

Darunavir-cobicistat combination HIV protease inhibitor 

and Pharmacokinetic and 

Pharmacodynamics 

booster 

[127], [128], [129] 

 

Traditional Chinese Medicine 

(TCM) combination with lopinavir- 

ritonavir, α-interferon via aerosol 

Under trial [130], [131], [132], [133] 

 

Recombinant human interferon α2β Inhibits MERS-CoV and 

SARS-CoV 

[126], [132], [82] 

 

Danoprevir-ritonavir and interferon 

inhalation or lopinavir-ritonavir or 

TCM plus interferon inhalation 

Under trial [134], [135] 

  

Xiyanping  Significant antiviral and 

antibacterial effects 

[136], [137], [138] 

 

Combinations of Oseltamivir, 

favipiravir, and chloroquine 

Under trial  [121] 

 

Thalidomide Degrades messenger 

RNA in blood cells and 

reduces tumor necrosis 

factor-α (TNFα) 

[139], [140], [141] 

 

Vitamin C Antioxidant and reduces 

oxidative stress, 

inflammation, improves 

vasopressor synthesis and 

immune cell function 

[142], [143] 
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Methylprednisolone Prolongs the survival time 

of the clinical cases 

[144], [145] 

 

Bromhexine hydrochloride Transmembrane protease 

serine inhibitor, 

responsible for activation 

of S-glycoprotein of 

MERS-CoV and SARS-

CoV 

[146], [147] 

 

 

Bevacizumab Suppresses the edema in 

COVID-19 patients by 

reducing the levels of 
vascular endothelial growth 

factor (VEGF)   

[148], [149] 

 

Fingolimod Immunology modulator 

used in multiple sclerosis 

[150] 

 

Baricitinib Binding to AP2-

associated protein kinase 

1 (AAK1) 

[151] 

 

Lithium Probably by reducing 

apoptosis and inhibition 

of glycogen synthase 

kinase 3 beta (GSK-3β) 

[152] 

 

Angiotensin-converting  enzyme 

inhibitors and Angiotensin1 

receptor inhibitors 

Rebalancing Renin-

Angiotensin-Aldosterone 

System (RAAS) (might 

reduce the pulmonary 

inflammatory response 

and mortality) 

[153] 

 

Cepharanthine, selamectin and 

Mefloquine 

Complete inhibition of 

cytopathic effects in cell 

culture by all three drugs 

[154] 

 

Qingfei paidu 

Decoction 

Controlling of COVID-19 

symptoms.  

[155] 

 

Pirfenidone Anti-inflammatory and 

anti-oxidant by inhibiting 

IL-1β and IL-4 

[156] 
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Highlights 

 

 RT-PCR has become the method of choice for diagnosis of human CoV, as multiplex 

real-time RT-PCR assays have been developed. 

 

 SARS-CoV-2 is quite similar to bat-SARS such as coronavirus 3CL
pro

 sharing 99.02 

% of sequence identity. 

 

 The binding site for substrates is situated in a cleft between domain I and domain II in 

SARS-CoV-2 3CL
pro

. 

 

 Global cooperation of government agencies, public health authorities, and healthcare 

professionals throughout the world is critical for managing the COVID-19 pandemic. 
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