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A B S T R A C T   

Severe Acute Respiratory Syndrome-Coronavirus-2 (SARS-CoV-2) is the causative etiology of ‘Corona Virus 
Disease-2019’ (COVID-19); formerly referred as ‘novel-Coronavirus-2019’. It was originated in Wuhan city, 
Hubei province, China in early December 2019. The World Health Organization (WHO) declared it as ‘Public 
Health Emergency of International Concern’ due to their rapid transmission and causing public and health-care- 
related casualties worldwide. This review provides an updated overview of COVID-19 (SARS-CoV-2), in com-
parison with the etiologies of the same group viz. SARS and MERS and also its future perspectives for planning 
appropriate strategies for prevention, control and treatment modalities to avert similar catastrophe in near 
future.   

1. Introduction 

The Genus ‘Coronaviruses’ (CoVs) belongs to the family ‘Corona-
viridae’ (subfamily ‘Coronavirinae’). These viruses have crown-like 
spikes on their outer surface (Latin: Corona = Crown), hence it was 
termed as Coronavirus.1 Commonly, CoVs spread extensively among 
humans, birds and other mammals and cause respiratory, neurologic, 
enteric and hepatic diseases.2 At present, seven human CoVs (HCoVs) 
types were identified that infect humans, causing diseases ranging from 
mild form or common cold to severe and/or fatal infections.3 Among 
them, four HCoVs including HCoV-OC43, HCoV-229E, HCoV-HKU1 and 
HCoV-NL63 are sporadically attributed to infections similar to common 
cold, but in rare cases can cause serious infections in infants, adolescents 
and elderly populations. 

The remaining three Coronaviruses comprising Severe Acute Respi-
ratory Syndrome Coronavirus (SARS-CoV), Middle East Respiratory 

Syndrome Coronavirus (MERS-CoV) and Severe Acute Respiratory 
Syndrome Coronavirus-2 (SARS-CoV-2) can affect the lower respiratory 
tract and cause a severe respiratory disorder and pneumonia in 
humans.4 The overall comparison of the epidemiological and clinical 
characteristics of Severe Acute Respiratory Syndrome (SARS), Middle 
East Respiratory Syndrome (MERS) and Corona Virus Disease-2019 
(COVID-19) is given in Table 1. 

2. Classification of CoVs 

CoVs are a positive-sense, single-stranded RNA (ssRNA) virus with a 
genome length from 20 to 32 kb and about 125 nm in diameter that 
belongs to the Coronaviridae family (subfamily Coronavirinae) of the 
Nidovirales Order.22 Based on the genomic structure, CoVs are divided 
into 4 subgroups namely, α-CoVs, β-CoVs, γ-CoVs and δ-CoVs.14 Among 
them, the α and β-CoVs infect only mammals, generally leading to 
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respiratory illness in humans and gastroenteritis in other animals.23 The 
other two subgroups, γ and δ-CoVs, infect birds and mammals.24 From 
the seven HCoVs, the HCoV-229E and HCoV-NL63 are α-CoVs; whereas 
HCoV-OC43, HCoV-HKU1, SARS-CoV, MERS-CoV and SARS-CoV-2 are 
β-CoVs10 (Fig. 1). 

3. Epidemiology of SARS-CoV, MERS-CoV and SARS-CoV-2 

3.1. Origin 

3.1.1. SARS-CoV 
A highly contagious outbreak of a respiratory infection that caused 

atypical pneumonia was first reported in the Guangdong Province, 
China in November 2002.25 The infection that was first presented with 
mild respiratory difficulties and acute fever, quickly developed into 
severe pneumonia within days of infection.26 The infection spread from 
human-to-human causing ‘cluster of cases’ or groups of illnesses among 
the health care personnel and was termed as SARS. The SARS-CoV was 
the causative agent of SARS and has quickly spread to 29 countries 
across the world. In total, 8098 patients and 774 deaths were reported 
during the time of the outbreak with a mortality rate of 9.56%.27 The 
World Health Organization (WHO) announced SARS a global public 
health alert on March 13, 2003. 

3.1.2. MERS-CoV 
The causative agent of MERS was first named as a novel Human 

Coronavirus Erasmus Medical Center (HCoV-EMC).28 The virus was first 
identified among humans in Jeddah, Saudi Arabia in 2012.29 In total, 
2279 confirmed cases and 806 deaths of MERS-CoV were reported 
worldwide by the WHO (mortality rate: 35.37%), of which 1901 
confirmed cases and 732 deaths (mortality rate: 38.51%) were from 
Saudi Arabia.9 

3.1.3. SARS-CoV-2 
In early December 2019, a group of local health workers reported 

with pneumonia-like symptoms of unidentified cause, which were 
epidemiologically connected to the seafood market in Wuhan city, 
Hubei Province, Mainland China.16 On January 7, 2020, WHO provi-
sionally named the infection, 2019-novel Coronavirus (2019-nCoV)30 

and it was consequently renamed as SARS-CoV-2 by the Coronavirus 
Study Group (CSG) of the International Committee on Taxonomy of 
Viruses (ICTV) on 11th Feb 202031 and on the same day the disease 
caused by SARS-CoV-2 was called as ‘COVID-19’.24 On January 30, 
2020, the WHO announced the 2019-nCoV outbreak as ’Public Health 
Emergency of International Concern’ (PHEIC), sixth and the latest in the 
chronological order after (i). H1N1 (2009), (ii). Polio (2014), (iii). Ebola 
in West Africa (2014), (iv). Zika (2016) and (v). Ebola in the Democratic 
Republic of Congo (2019). On March 11, 2020, the WHO declared 
COVID-19 as a ’pandemic’.32 As of November 30, 2020, this emerging 
highly infectious disease has spread to 216 countries and territories, 
infecting 62,195,274 individuals with 1,453,355 deaths worldwide and 
the mortality rate: 2.34%.7 

3.2. Transmission of SARS-CoV, MERS-CoV and SARS-CoV-2 

The SARS-CoV, MERS-CoV and SARS-CoV-2 are thought to have 
originated in bats based on its resemblance to the bat coronaviruses. 
Being zoonotic origin the CoVs can be transmitted from animal to animal 
(veterinary infectious diseases), animal to human (zoonotic) and human 
to human (anthroponoses) (Fig. 2). 

3.2.1. Animal to animal transmission 
Although CoVs are predicted to circulate for centuries in the world, 

the origin of CoVs remains unclear. At the starting of SARS and MERS 
outbreaks, civet cats and dromedary camels, respectively, were 

Table 1 
Epidemiological and clinical characteristics of SARS, MERS and COVID-19.  

Characteristics SARS MERS COVID-19 References 

Year of origin November 2002 June 2012 December 2019 5 

Etiology SARS-CoV MERS-CoV SARS-CoV-2 5 

Original location Guangdong, China Jeddah, Saudi Arabia Wuhan, China 6 

Confirmed cases 8,098 2,279 62,195,274a 7,8 

Mortality rate 774 (9.56%) 806 (35.37%) 1,453,355 (2.34%)a 8,9,7 

Number of countries 
affected 

29 27 216a 10 

Natural reservoir host Bat Bat Bat 11 

Intermediate host Civet cats Dromedary camel Pangolins 5 

Genome length 27.9 kb 30.1 kb 29.9 kb 12,13 

Genus Beta-CoV lineage B Beta-CoV lineage C Beta-CoV lineage B 14,15 

Incubation period 2–10 days 2–14 days 1–14 days 11 

Basic reproduction 
number (R0) 

2–3 <1 2.2 16 

Transmission Respiratory droplets, close contact with 
diseased patients 

Respiratory droplets, close contact with 
diseased patients 

Respiratory droplets, close contact with 
diseased patients 

17 

Human-to-human 
transmission 

Efficient Limited Possibly efficient 11 

Predominant cellular 
receptor 

ACE2 DPP4 (CD26) ACE2 5 

Transmission region Globally Regionally Globally 10 

Pandemic potential Yes No Yes 11 

Sign and symptoms Fever, malaise, myalgia, headache, 
diarrhea, shivering, 
cough, shortness of breath 

Fever, myalgia, diarrhea, cough, shortness 
of breath 

Fever, myalgia, cough, shortness of breath 18 

Major complications Pneumonia, severe acute respiratory 
distress syndrome, 
death 

Pneumonia, severe acute respiratory 
distress 
syndrome, death 

Pneumonia, severe acute respiratory 
distress 
syndrome, death 

18 

Diagnosis RT-PCR, rRT-PCR, RT-LAMP, rRT-LAMP 
Coronavirus detection kit 

RT-PCR, rRT-PCR, RT-LAMP, rRT-LAMP 
Coronavirus detection kit 

RT-PCR, rRT-PCR, RT-LAMP, rRT-LAMP 
Coronavirus detection kit 

19,20 

Treatment Glucocorticoid and interferon Ritonavir and Lopinavir Lopinavir/ritonavir (under clinical trials) 19,21  

a As on 30th November 2020, (WHO, 2020b). 
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considered to be the natural source of these two HCoVs. But, ultimately 
molecular genetic research studies and comprehensive phylogenetic 
analyses of these viral etiologies has confirmed that the bats were the 
reservoir hosts of both SARS-CoV33 and MERS-CoV,34 which subse-
quently use civet cats and dromedary camels as mediator hosts previous 
to spreading to humans. Several theories on the origin of SARS-CoV-2 
illness exist; initially, it was believed to be originated from bats, sea-
food and snakes that had spread among people visiting or residing in 
Wuhan, China and recently it is suggested to have transmitted from 
pangolins to humans.35 

3.2.2. Animal to human transmission 
The mode and mechanisms of transmission of SARS-CoV, MERS-CoV 

and SARS-CoV-2 remains obscure. Direct contact with mediator host, 
exposure to animals or urine of animals, consumption of milk or un-
processed meat of the infected animals were considered to be the key 
routes of these HCoV transmissions to humans.14 SARS-CoV, MERS-CoV 

and SARS-CoV-2 were transmitted directly to humans from market civet 
cats, dromedary camels and pangolins, respectively.1,36,37 

3.2.3. Human to human transmission 
SARS-CoV, MERS-CoV and SARS-CoV-2 are transmitted by human- 

to-human contact, or by touching surfaces contaminated by the infec-
ted person and through aerosol transmission.38 Transmission through 
direct human-to-human contact is most commonly reported among 
health care employees and primary caregivers of the diseased patient.39 

These viruses spread through the respiratory droplets while sneezing or 
coughing, that stays on the surfaces. Human transmission can also occur 
upon contact with such contaminated surfaces.40 Aerosol transmission 
occurs when a diseased person coughs or sneezes and the resulting virus 
loaded droplets are propelled up to 3 feet via the air and enters the 
mucous membranes of the nose, eyes and mouth of peoples who are 
nearby.41 

3.2.4. Human to animal transmission 
Though SARS-CoV-2 said to be transmitted to human from cave- 

dwelling bat species, recent reports have raised concerns about 
reverse zoonotic transmission to fur animals, zoo animals, domestic and 
pet animals such as dogs and cats,42 but more research is needed to be 
conducted in near future to prove substantially across the world through 
an appropriate holistic approach to address various possibilities and 
probabilities at different environmental conditions. 

4. Genome structure of SARS-CoV, MERS-CoV and SARS-CoV-2 

HCoVs such as SARS-CoV, MERS-CoV and SARS-CoV-2 are the main 
causes of severe pneumonia in humans and shared several common 
structural characteristics of CoVs. The genomic arrangement of CoVs is 
as follows: 5′-replicase (rep gene) ORF1ab, spike (S), envelope (E), 
membrane (M), nucleocapsid (N)-3′ with small untranslated sections at 
both terminals (Fig. 3). The rep gene encodes for the non-structural 
proteins (NSPs) and constitutes approximately two-thirds of the viral 
genome.43 It has been demonstrated that the CoVs genome has different 
types of open reading frames (ORFs). Two out of three parts of viral RNA 
are mostly presented in the first ORFs (ORF1a/b) that translates into two 
polyproteins like pp1a and pp1ab and encodes 16 NSPs, whereas the 
residual ORFs encode structural and accessory proteins. The structural 
proteins such as spike (S), envelope (E), membrane (M) and nucleo-
capsid (N) proteins and some accessory proteins are involved in the 
response of the host innate immune system4 (Fig. 3). The S protein is a 
transmembrane glycoprotein, which is essential and necessary for the 
receptor-binding and subsequent entry of the virus into the host cells. 
The S protein contains two subunits like S1 and S2. The S1 subunit 
having the receptor-binding domain (RBD) engage with host cell re-
ceptor ACE-2 in case of SARS-CoV and SARS-CoV-2 whereas in 
MERS-CoV with the DPP4 receptor on the host cells. The S2 subunit 
mediates fusion between viral and host cell membranes.43,44 The S 
protein of SARS-CoV is the most important targets for the development 
of SARS-CoV vaccines and therapeutics because it is involved in receptor 

Fig. 1. Classification of coronaviruses (ICTV).  

Fig. 2. Schematic representation of transmission of Severe Acute Respiratory 
Syndrome Coronavirus (SARS-CoV), Middle East Respiratory Syndrome Coro-
navirus (MERS-CoV) and Severe Acute Respiratory Syndrome Coronavirus-2 
(SARS-CoV-2). 
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recognition, virus attachment and entry in to the host cell.43 The E 
protein is necessary for intracellular transportation and assembly of 
virus, M protein has its function in viral assembly and morphogenesis 
and N protein is essential for the synthesis of RNA.10 

The complete genome of Wuhan-Hu-1 Coronavirus (WHCV) was 
isolated from a COVID-19 infected pneumonia patient, an employee in 
the Wuhan seafood market. The genome length of SARS-CoV-2 is 29.9 
kb12 and that of MERS-CoV and SARS-CoV is 30.1 kb and 27.9 kb, 
respectively.13 The genomic sequence of SARS-CoV-2 demonstrated is 
identical to the previously reported SARS-CoV and MERS-CoV, but the 
genome composition is significantly different from SARS-CoV and 
MERS-CoV.5 Based on the viral genome sequencing, phylogenetic out-
comes and investigations related to evolutionary patterns, the bat has 
been believed as the primary host of virus origin and SARS-CoV-2 might 
have been transmitted from bats to humans through pangolins as an 
intermediary host. The SARS-CoV-2 genome sequence shares 96.2% 
similarity to Bat-CoV-RaTG13, 79.5% similarity to SARS-CoV and 
around 50% to MERS-CoV.45 Researchers discovered that the 
SARS-CoV-2 showed increased sequence homology to Bat-CoV-RaTG13 
that was formerly found in Rhinolophus affinis (commonly called 
‘Horse-shoe bat’) from Yunnan Province than Bat-SL-CoVZC45 and 
Bat-SL-CoVZC21, which reported that the Chinese chrysanthemum bat is 
the origin of SARS-CoV-2 and the identical sequence derived from 
>1000 metagenomic samples of the pangolin species. Pangolins were 
reported as the intermediate hosts, for the reason that the SARS-CoV-2 
isolated from the pangolins had about 85.5%–92.4% similarities be-
tween the genomes of CoVs.46 Likewise, camels were reported as the 
intermediate hosts for MERS, since the MERS-CoV isolated from camels 
and humans had more than 99% similarity.4 

5. Pathobiology of SARS-CoV, MERS-CoV and SARS-CoV-2 

The S protein in CoVs is involved in receptor-recognition, virus 
attachment and entry in to the host cell. For β-CoVs, the RBD of the S 
protein arbitrates the binding to the host receptor. SARS-CoV spike can 
mediate cell-cell fusion with ACE2-expressing cells at neutral pH and 
this is supported by the observation that when expressed on the cell 
surface and cleaved by exogenous proteases favours virus to enter the 
host cell.47 Dipeptidyl peptidase 4 (DPP4; also known as CD26) and 
angiotensin-converting enzyme 2 (ACE2) are well-known host receptors 
for MERS-CoV and SARS-CoV, respectively.48,49 In a similar way to 
SARS-CoV, the SARS-CoV-2 also makes use of ACE2 to enter into host 
cells. The process of ACE2 receptor and S protein binding of SARS-CoV-2 
is very similar to that of SARS-CoV, demonstrating that they have the 
same mechanism for entry into host cells. But, SARS-CoV-2 S binding to 
ACE2 has around 10–20 times increased binding capacity compared to 
the SARS-CoV.50 This may also be one among the many other factors 
that might favour in higher transmission rate of SARS-CoV-2 than 
SARS-CoV. 

In the respiratory tract, for the SARS-CoV and SARS-CoV-2, ACE2 is 
broadly expressed in the epithelial cells of the trachea, bronchi, alveoli, 
alveolar monocytes and bronchial serous glands and macrophages51; but 
for MERS-CoV, the DPP4 expression in the respiratory tract is mostly on 
non-ciliated bronchial epithelial cells, type I and type II pneumocytes, 
endothelial cells and a little form of hematopoietic cells.48 The SAR-
S-CoV and SARS-CoV-2 viruses replicate in these target cells and then 
the mature virions are released from the primary cells and infect new 
target cells;52 whereas the MERS-CoV, the DPP4 receptors are presented 
on the epithelial surface of different human organs such as the kidneys, 
thymus, lungs, liver, bone marrow and intestines.53 For the SARS-CoV 
and SARS-CoV-2, the respiratory secretions, droplets generated while 
sneezing and/or coughing, stool, sweat and urine from the infected 

Fig. 3. Genome and genome structures of SARS-CoV, MERS-CoV and SARS-CoV-2. The genome comprises of the 5′-untranslated region (5′-UTR), open reading frame 
(ORF) 1a/b (bluebox) encoding non-structural proteins (NSP) for replication, structural proteins including spike (yellow box), envelop (orange box), membrane 
(maroon box) and nucleocapsid proteins (purple box), accessory proteins (green boxes) such as ORF 3, 3a, 3b, 4a, 4b, 5, 6, 7a, 7b, 8, 8a, 8b and 9b and the 3′- 
untranslated region (3′-UTR). 
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patients are reported to be highly infectious to their close contacts pri-
marily. The infectious droplets might be taken away to a distance of ~1 
m or more due to air currents and may infect surfaces and others nearby, 
so stands at risk of transmission of infection. 

5.1. Clinical pathology of SARS-CoV-2 

With respect to the SARS-CoV-2 infection, the clinical pathology can 
be categorized into three stages viz. mild, severe and critical.54 In the 
mild stage of infection, the patient may or may not develop pneumonia, 
sometimes with symptoms of upper respiratory infection, marked by 
mild febrile illness with dry cough, sore throat, etc.,.19 In severe cases, 
the rate of respiration will be more than 30/minute due to dyspnea, 
productive cough, shortness of breath and hypoxia. These symptoms 
develop within short duration (24–48 h) initial symptoms. Finally, the 
critical stage comprised of severe pneumonia, respiratory failure, car-
diac arrest and/or multiple organ failure leads to death. 

5.2. Infection on vascular endothelium 

The presence of viral particles in the endothelium and the histolog-
ical evidence of superficial and deep perivascular lymphocytic vascular 
infiltrates and damage with exocytosis to the dermis are observed in 
COVID-19 cases.55 Infection due to COVID-19 in many cases results in 
endothelial dysfunction. This acts as a direct target of the virus and in-
flammatory cytokines. Also, it results in composing a pro-inflammatory 
and procoagulant state in COVID-19 patients. Around the world, there 
were studies being conducted on the promising therapies that impact 
endothelial dysfunction.56 

5.3. Organ-pathologies of heart, brain, liver, etc 

In some infected patients, microvascular steatosis and mild lobular 
and portal activity were recorded in hepatic tissues, interstitial mono-
nuclear inflammatory infiltrates were found in cardiac tissues. Also the 
endothelial cell involvement in different organs, including the kidney, 
lung, heart and liver were reported.56 

5.4. Chilblains ("COVID toes") 

A study from Spain report that among children and teenagers 
infected with SARS-CoV-2 results in acute chilblains. It is a newly 
recognized clinical manifestation of COVID-19 in children and teen-
agers. It is also called as “COVID toes” which is a mildly symptomatic 
condition with an excellent prognosis. The uniqueness among these age 
groups showed either an asymptomatic or minimally symptomatic 
COVID-19 disease pattern.57 

5.5. Disseminated intravascular coagulation 

Recently, the involvement of the hemostatic system in severe COVID- 
19 pneumonia has been identified. Manifestation of disseminated 
intravascular coagulopathy (DIC) seems to be responsible for worsening 
COVID-19 associated pneumonia and is often associated with mortality. 
It is reported that coagulation system is activated in many COVID-19 
patients, leading to elevation of the D-dimer concentrations in patients 
who did not survive than those survivors.58 The association between 
COVID-19 and venous thromboembolism (VTE) including deep vein 
thrombosis (DVT) and pulmonary embolism (PE) has been reported in 
some clinical case reports.59 Hemostatic abnormalities associated with 
COVID-19 include mild thrombocytopenia (inconsistence) and 
increased D-dimer levels, both of which are associated with higher risk 
of needing mechanical ventilation, intensive care support or death. 
Therefore, thromboprophylaxis is considered as a good option for 
management of COVID-19 patients.58 Its reported that >70% of 
COVID-19 critical cases who succumb to the infection had DIC based on 

their laboratory findings. Another multicenteric study conducted in the 
USA also reported that critically ill COVID-19 patients suffered from 
thrombosis and bleeding.60 

5.6. Sepsis syndrome 

The endothelial cells (ECs) play a major role in several physiologic 
processes in humans. They control blood rheology, vasomotor tone 
regulation, osmotic balance and vascular barrier function. Similarly, the 
ECs plays crucial role in innate immune response such as sepsis as well as 
activation of adaptive immunity. ECs represents an important target for 
infection of most human viruses including SARS-CoV-2 by enhancing 
immune response, inducing increased tissue permeability, inflammation 
and contributing to the severity of the viral disease.56 COVID-19 infec-
tion has a varied clinical manifestation. In many of the infected cases, it 
causes asymptomatic or mild symptoms. In a few cases, immunologic 
complications such as macrophage activation syndrome, also known as 
secondary hemophagocytic lymphohistiocytosis, which results in cyto-
kine storm syndrome and ARDS, which is fatal if not treated 
effectively.61 

5.7. Childhood diseases 

The study reports published so far about the COVID-19 infection 
among the children has shown a mild process and a good prognosis. 
Moreover, household contact history needs to be investigated in detail to 
conclude the transmission of COVID-19 infection among young children. 
A major problem still to explore more among young children is that the 
existence of viral RNA in the gastrointestinal system than in the respi-
ratory tract to findout the transmission dynamics and pattern of spread 
of infection.62 

6. Diagnosis 

6.1. Clinical diagnosis 

The following are the criteria for clinical suspects of COVID-19: 
Influenza-like Illness (ILI) case is defined as one with acute respiratory 
infection with fever ≥ 38 ◦C and cough; Severe Acute Respiratory 
Infection (SARI) case is defined as one with acute respiratory infection 
with fever ≥38 ◦C and cough and requiring hospitalization; other 
symptoms include cold, cough, sneeze, running nose, breathlessness, 
malaise, gastroenteritis and difficulty in breathing. Presence of SARS- 
CoV is detected by an antigen-based or nucleic acid-based laboratory 
tests such as rapid tests and real-time RT-PCR test, respectively. Throat 
swab or nasopharyngeal swab is collected from the suspected cases for 
viral nucleic acid-based detection assays to detect current COVID-19 
infection; where as blood/serum is used to detect IgM (current/recent 
infection) or IgG (past infection) for serosurveillance studies to estimate 
the prevalence of infection in the community. 

6.2. Clinical criteria for COVID-19 diagnosis 

Individuals currently suffering from ILI or symptoms with history of 
international travel in the last 14 days; All symptomatic (ILI symptoms) 
contacts of laboratory confirmed COVID-19 positive cases; All symp-
tomatic (ILI symptoms) health care workers/frontline workers involved 
in containment and mitigation of COVID-19; All patients of SARI; 
Asymptomatic individuals who were in direct contact with a laboratory 
confirmed COVID-19 positives and high-risk contacts of a confirmed 
case to be tested once between day 5 and day 10 of coming into contact; 
All symptomatic ILI within hotspots/containment zones; All hospitalized 
patients who develop ILI symptoms (nosocomial infection) and All 
symptomatic ILI among returnees and migrants within 7 days of illness. 
Generally, when a person is tested and become positive for COVID-19, 
his/her family members or who were all in close contact with the 

B. Ganesh et al.                                                                                                                                                                                                                                 



Clinical Epidemiology and Global Health 10 (2021) 100694

6

positive is being tested. Also, the persons who had a recent travel history 
to the affected country or visited the endemic area or country and 
currently symptomatic (with the ILI) are to be tested for COVID-19. 

The identification of novel coronaviruses is based on previous travel 
history to COVID-19 affected country, primary and secondary contacts 
of laboratory confirmed COVID-19 cases and the laboratory confirmed 
COVID-19 cases those who were without any of the above conditions (no 
previous travel history to COVID-19 affected countries or even no his-
tory of contact with COVID-19 confirmed cases) are termed ‘community 
transmitted cases’. The prior symptoms of SARS, MERS and COVID-19 
are much related to winter influenza and the most significant tech-
nique to discriminate pneumonia and flu is to obtain throat swabs for 
viral detection analysis.63 

6.3. Laboratory-based tools for COVID-19 surveillance 

Antibody-based rapid detection tests are mainly advised for sur-
veillance activities, whereas viral antigen-based or viral nucleic acid 
based real-time RT-PCR is being advised for diagnosis of suspects of 
COVID-19 as well as the contacts of COVID-19 positives, so that after 
laboratory confirmation, appropriate treatment and management 
follow-up procedures are being followed to avert further spread to the 
community as well as to alleviate morbidity and prevent mortality. Gold 
standard frontline test for COVID-19 diagnosis is real-time PCR based 
molecular test, which is aimed at early virus detection. The rapid anti-
body test cannot replace the frontline test. The rapid antibody test is a 
supplementary tool to assess the prevalence of the diseases within a 
specific area or perimeter. The rapid antibody test will only be of utility 
after a minimum of 7 days of onset of symptoms. Data about these rapid 
tests is emerging and understanding of their utility for diagnosis is still 
evolving. The rapid tests are useful for epidemiological studies and 
surveillance purposes. All the above tests need to carry out under strict 
medical supervision. 

7. Prevention and control 

7.1. Personal hygiene 

To decrease the diffusion of coronavirus, prior identification, isola-
tion and observing social-distancing in crowded areas are crucial.64 

Different types of health instruction have been provided in the com-
munity to create awareness of epidemic control and prevention, i.e., 
everyone are advised to wash their hands with soap and water regularly 
at intermittent intervals or cleaning with alcohol-based sanitizers more 
frequently than normal, also advised to stay at home, to avoid crowded 
places and also advised for home-quarantine and if necessary, limit or 
avoid contact with diseased persons. 

7.2. Face mask 

The surgical mask (triple layered) is advised for the general public to 
wear while going out to crowded places. The simple cloth masks will not 
protect from viral infections, it just gives a false hope that it prevents 
infections with COVID-19. So, the same can be made educated to the 
general public. And, the N95 masks are being advised for the front-line 
health care workers viz. doctors, nurses and paramedical staff who 
attend the COVID-19 positives in hospitals on a daily-basis. Be it 
developed countries or developing countries, most of the local govern-
ments have advised the public to wear surgical masks or N95 respirator 
masks when entering public places, subways or taxis for the patients 
with laboratory confirmed acute Influenza in Australia.65 

7.3. Countrywide lockdown 

Due to this pandemic emergency and global public health crisis, a 
major countrywide lockdown was implemented in India, the second 

largest population in the world next to China, on four-phases for a period 
of 68 days (21 + 19 + 14 + 14) (to minimize the spread of infection or 
transmission). 

Phase 1: March 25, 2020–April 14, 2020 (21 days). 
Phase 2: April 15, 2020–May 3, 2020 (19 days). 
Phase 3: May 4, 2020–May 17, 2020 (14 days). 
Phase 4: May 18, 2020–May 31, 2020 (14 days). 

7.4. Daily fever surveillance 

Temperature screening checkpoints have been arranged to screen all 
travelers by using thermal scanners at railway stations, subway stations, 
seaport and airport terminals in an attempt for identifying suspected 
people with fever in general. 

7.5. Telemedicine 

Hospitals are recommending online advisories and medical facilities 
to suspected and symptomatic patients, which facilitates promoting 
awareness to the general public to avoid rushing to hospitals, thereby 
avoiding crowds or mass-gatherings in the hospitals, to prevent further 
transmission and thus decrease the possibility of being getting infected. 
To prevent health care employees from being infected, the National 
Health Commission (NHC) guaranteed adequately providing Personal 
Protective Equipments (PPEs) like isolation gowns, masks and gloves 
and issued a methodological guideline for the control and prevention of 
disease caused by the novel coronaviruses.41 

7.6. Isolation/Quarantine 

Isolation/Quarantine is a conventional but very effective and suc-
cessful measure to counteract all lethal epidemics, but isolation/quar-
antine practices can be hard to implement. To prevent community 
transmission, travelers from China (particularly Wuhan) and other cit-
ies/countries affected with COVID-19 were advised to report their travel 
history and advised to self-isolation for 14 days. Furthermore, both the 
confirmed and suspected cases should be immediately isolated and 
treated in the designated hospitals in efficient isolation (facility-based 
quarantine) and defensive conditions to avoid further transmission of 
infection to others.66 Suspected person should be isolated in a separate 
room either in their home i.e., home quarantine or opt for facility-based 
quarantine. WHO proposed that patients lacking causal chronic diseases 
(heart or lung disease, immunodeficiency or renal failure) and with mild 
symptoms possibly concerned for in the home surroundings in isola-
tion.67 Conversely, adverse cases must be hospitalized and serious cases 
must be admitted immediately to the ICU for appropriate treatment and 
medical care. 

7.7. Social distancing 

Social distancing means literally ‘physical distancing’, i.e., to main-
tain a distance of three feet is believed to be a proper distance for people 
to stay away from an infected patient and everyone should strictly 
follow the social distance (at least 1 m) to reduce the risk of disease 
transmission.68 

7.8. Ban on wildlife market (live/dead)/bushmeat 

Most importantly, these highly contagious pathogens of SARS and 
COVID-19 were originated from the wild animals.69 Hence, eating, 
selling and hunting of wild animals for the bushmeat, not only danger-
ously spoil the ecological balance, but also lead to the transmission of 
emerging and/or re-emerging highly infectious zoonotic diseases.70 

Also, it is not only restricted to selling, hunting and eating but also the 
interactions and encounters with wildlife can also be a potential threat 
which can be part of religious or social practice, tourism or unavoidable 
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encroachment of human population to the wild ecologies and dimin-
ishing habitats for wild animals due to human population explosion. 
Therefore, banning all wildlife markets either live or killed will be an 
efficient measure to prevent exotic viral infections of public health 
concern.71 Likewise, the wildlife ecologies should be protected and 
prohibited from human invasion to avoid human animal encoun-
ters/interactions, which to an extent prevent cross-spillovers between 
different hosts (reservoir hosts, intermediate hosts and/or accidental 
hosts). 

7.9. Vaccination 

An effective vaccine is the need of the hour to render immunity 
against COVID-19. Meanwhile adhering to non-pharmacological in-
terventions such as social distancing, wearing masks and practicing 
hand hygiene are required to break the transmission chain. Vaccination 
is essential for control and treatment of epidemics/pandemics caused by 
these emerging and re-emerging exotic and highly infectious viral eti-
ologies. Globally, research institutions and pharmaceutical companies 
are speeding up their research and development for developing a po-
tential candidate vaccine against coronaviruses. The viral strains that 
have caused this pandemic have been isolated from infected patients. 
This marks the beginning of research and development of a novel 
coronavirus vaccine. During the outbreak of SARS and MERS, several 
drugs and vaccine candidates were developed and evaluated for their 
efficacy. Unlike bacterial infections, vaccines are more effective against 
viral infections than drugs. Hence, only symptomatic treatment and 
supportive care were followed for treating SARS-CoVs and MERS-CoVs 
and no specific drug was deemed effective. Vaccines based on live- 
attenuated or inactivated viruses, recombinant viral vectors, DNA, 
virus-like particles (VLPs) and soluble proteins (S glycoproteins) were 
studied, of which very few candidates entered the clinical phase. How-
ever, there are no commercial vaccines for SARS and MERS due to 
various reasons.10,13 Given the virulence of SARS, the protective efficacy 
of the vaccine could not be evaluated and vaccine development for 
MERS was delayed owing to the scarcity of suitable and cost-effective 
small animal models during pre-clinical experiments. But in both out-
breaks, the transmission was relatively low as compared to COVID-19 
and the diseases eventually ceased within a year. SARS and MERS had 
a higher fatality rate, but their transmission rate was low when 
compared to COVID-19. Only a few cases were reported for SARS after 
2004 and MERS after 2016, which would have impeded potential in-
terests in delivering the vaccines or other antiviral therapies.13,72 

7.9.1. SARS-CoV 
Researchers have been enforced to improve S protein-based vaccines 

to create long-term effective counter balance antibodies and/or to boost- 
up immunity against SARS-CoV.43 Live attenuated vaccines have been 
investigated for SARS in animal models.73 

7.9.2. MERS-CoV 
Vaccination approaches have been developed against MERS-CoV 

using DNA plasmids, inactivated virus, nanoparticles, viral vectors, 
VLPs and recombinant protein subunits and some have been tested in 
animal models as well.74 

7.9.3. SARS-CoV-2 
The improvements of a safe, secure and successful vaccine against 

SARS-CoV-2 for non-immune persons are a very urgent necessity and 
play an important role in the controlling of ongoing disease trans-
mission. Further, the progress in the development of vaccines and 
therapies against previous coronaviruses has been helpful to a certain 
extent, more research and testing are required for combating the novel 
coronavirus more effectively and efficiently. 

8. Treatment 

8.1. Need based therapy to alleviate symptoms (symptomatic therapy) 

There is no specific/standard antiviral treatment available for 
COVID-19 and there is no vaccine currently available. Preliminary, the 
treatment is based symptomatic and oxygen therapy that represents the 
major treatment intervention for patients with severe infection. Me-
chanical ventilation may be necessary in cases of respiratory failure 
refractory to oxygen therapy, whereas hemodynamic support is essential 
for managing septic shock. On January 28, 2020, the WHO released a 
document summarizing WHO guidelines and scientific evidence derived 
from the treatment of previous epidemics from HCoVs. This document 
addresses measures for recognizing and sorting patients with severe 
acute respiratory disease; strategies for infection prevention and control; 
early supportive therapy and monitoring; a guideline for laboratory 
diagnosis; management of respiratory failure and ARDS; management of 
septic shock; prevention of complications; treatments and consider-
ations for pregnant patients. Among these recommendations, we report 
the strategies for addressing respiratory failure, including protective 
mechanical ventilation and high-flow nasal oxygen (HFNO) or non- 
invasive ventilation (NIV).75 Extracorporeal membrane oxygenation 
(ECMO) for patients with refractory hypoxemia despite lung-protective 
ventilation should merit consideration after a case-by-case analysis. It 
can be suggested for those with poor results to prone position 
ventilation.75 

8.2. Host immune modulation 

Till date the studies on COVID-19 reports that the host response to 
SARS-CoV-2 infection is complex and highly dynamic. During the first 
time exposure to SARS-CoV-2, individuals have effective initial host 
defense in the lung and are associated with mild symptoms and disease 
resolution. In a few cases, viral evasion of the immune response can lead 
to refractory alveolar damage, ineffective lung repair mechanisms and 
systemic inflammation with associated organ dysfunction.76 The im-
mune response in these patients is highly variable and can include 
moderate to severe systemic inflammation and/or marked systemic 
immune suppression. It is believed that a personalized, 
immunophenotype-driven approach to immunomodulation that may 
include anti-cytokine therapy in carefully selected patients and immu-
nostimulatory therapies in others is the shortest path to success in the 
study and treatment of patients with critical illness due to COVID-19. 

8.3. Viral clearance 

The most effective way for the treatment of SARS, MERS and COVID- 
19 is to investigate whether existing antiviral drugs are efficient. In 
earlier epidemics of β-coronavirus, many anti-viral drugs, like in-
terferons (IFNs), darunavir/cobicistat (prezcobix), ribavirin and 
lopinavir-ritonavir were investigated with a few confirm promising in 
vitro outcomes.77 Lopinavir, an antiretroviral drug, inhibits the protease 
enzyme and in combination with another protease inhibitor, ritonavir 
diminishes the metabolism, thereby reducing the viral metabolism and 
helps in viral clearance. 

8.4. Antivirals 

At present, the in vitro antiviral efficacy of accepted drugs such as 
penciclovir, ribavirin, chloroquine, nafamostat, umifenovir, darunavir, 
arbidol and nitazoxanide are compared with that of the two broad-range 
antiviral medicines like favipiravir and remdesivir for COVID-19 ther-
apy. Among the investigated drugs, both chloroquine and remdesivir 
were observed to be better efficient in treating for COVID-19.78 Chlo-
roquine is an old Chinese drug extensively applied for antimalarial 
treatment that is well-known to prevent virus-cell binding and is 
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involved in the glycosylation of ACE2 cellular receptors and SARS-CoV, 
representing the ACE2-SARS-CoV less efficient in interaction. There is 
also in vitro confirmation that chloroquine significantly inhibits the 
spreading of SARS-CoV by interfering with ACE2 in Vero E6 cells79 and 
might be efficient in preventing cellular entry of SARS-CoV-2.78 

Remdesivir is an adenosine analog medicine presently under the 
improvement of the Ebola virus disease and is efficient in a wide range of 
viruses including SARS-CoV, MERS-CoV and SARS-CoV-2.80–82 There is 
now in vitro confirmation that remdesivir possibly successful in con-
trolling SARS-CoV-2 infection.78 Favilavir, previously considered as 
Fapilavir, was the first anti-novel coronavirus medicine that was 
accepted to be available in the market by the National Medical Products 
Administration since the outbreak. The medicine was produced by 
Zhejiang Hisun Pharmaceutical Company and is estimated to have an 
important function in treating and preventing the epidemic. 

Till date, ribavirin and ribavirin with different types of IFNs have 
been the main regular therapeutics endeavored in patients with SARS 
and MERS.83,84 Ribavirin is a nucleoside analogue, has a broad-range of 
antiviral properties via preventing viral RNA synthesis and mRNA 
capping.85 Previous research reported that the combined ribavirin with 
alisporivir for improved antiviral property against SARS-CoV and 
MERS-CoV.86 IFN, thymosin and intravenous γ-globulin were consid-
ered to improve our immune system to combat with SARS-CoV and 
MERS-CoV as well as SARS-CoV-2.6 Researchers earlier proved that the 
protease inhibitors such as ritonavir and lopinavir, drugs for human 
immunodeficiency virus (HIV) infection, could enhance the results 
against SARS-CoV77 and MERS-CoV.21 It has reported that viral loads of 
a COVID-19 patient in Korea had considerably reduced after treated 
with lopinavir/ritonavir.87 

8.5. Convalescent plasma or plasma therapy 

An easy but very effective treatment approach is currently carried 
out using convalescent plasma or serum from patients who have 
recovered from the coronavirus infection and to treat very severely 
infected cases. Patients with the resolute viral disease may have a 
particular antibody reaction that may be used to counteract viruses in 
newly diseased persons. This modality was successfully carried out 
during the Ebola outbreaks in West Africa during 2014–201588 and also 
successfully employed for the SARS-CoV89 and MERS-CoV.90 Although, 
the development of convalescent plasma therapy is of partial assistance 
in an outbreak condition because the exponential augmentation of 
diseased patients exceeds than the number of plasma donors.1 This 
therapy has been applied during the outbreaks when no exact vaccines 
or medicines were available for treatment.90 

8.6. Anticoagulants as therapeutics 

8.6.1. Heparin 
Most commonly use anticoagulant as a COVID-19 remedy is low 

molecular weight heparin (LMWH). It has been implicated in binding to 
COVID-19 spike proteins as well as in down regulation of interleukin-6 
which has been shown to be elevated in COVID-19 patients.91 A recent 
study demonstrated the interaction between the SARS-CoV-2 spike S1 
protein receptor binding domain (SARS-CoV-2 S1 RBD) and heparin, 
suggesting the development of heparin-based therapeutics.92 It is of 
great interest to develop the novel heparin-based compounds for 
COVID-19.93 

8.6.2. Dipyridamole 
Dipyridamole (DIP), an antiplatelet agent, acts as a phosphodies-

terase (PDE) inhibitor that increases intracellular cAMP/cGMP.94 Apart 
from the well-known antiplatelet function, DIP may provide potential 
therapeutic benefits to patients with COVID-19. The clinical trials in 
China have demonstrated that DIP has a broad spectrum antiviral ac-
tivity, particularly efficacious against the positive-stranded RNA 

viruses.95 

8.7. Use of ACE2 inhibitors 

ACE2 receptor is required for virus entry into the host cell. Inhibiting 
this receptor might successfully restrict virus replication in the body. 
Selective ACE2 inhibitor, DX600, may show beneficial results in case of 
SARS-CoV-2 infection, however, its clinical significance is yet to be 
studied.96 

9. Conclusion and future perspectives 

Since, there is no specific therapeutics or efficient vaccines for novel 
coronavirus resulting in COVID-19. Researchers are currently working 
on developing an appropriate, safe and effective vaccine candidates and 
antiviral drugs for prevention and control of the deadly novel corona-
virus disease. The outbreaks of SARS-CoV, MERS-CoV and SARS-CoV-2, 
propose that coronaviruses cause an enduring threat to human life even 
in the modern era. The best hope we can rely on is that the outbreak will 
ultimately come to a control and the population’s immune memory for 
the coronavirus i.e., ‘herd immunity’ will naturally control further 
spread. But, we should not forget the lessons learned from this pandemic 
and we should be prepared well in advance, precisely act and initiate an 
appropriate preventive measures for the next wave of outbreak of 
coronavirus or any other exotic viruses in the near future if the necessity 
arise. When an epidemic occurs, it is extremely necessary to quickly 
discover and isolate the pathogen to develop improved diagnostic 
methods. In the early phase of disease outbreak, improving the treat-
ment efficiency and clinical characteristics, defining suspected patients 
and places, inventing the diagnostic measures, analyzing transmission 
patterns, making a proper quarantine strategy and isolating infectious 
patients are all the essential priorities to address and are required to be 
rapidly implemented to avoid catastrophic effect. 
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