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ABSTRACT 
 

Coronavirus infection in humans is not uncommon. The first coronavirus (HCoV-229E) in humans was 

isolated in 1965. Subsequently, three more coronaviruses were recognized: HCoV-NL63, HCoV-HKU1, 

and HCoV-229E. These viruses are endemic in humans and cause common cold and mild respiratory 

infections throughout the year. The three coronaviruses, SARS-CoV, MERS-CoV, and SARS-CoV-2 

are highly pathogenic coronaviruses that cause very severe respiratory diseases in human. SARS-CoV-2 

is a newly emerging coronavirus posing pandemic COVID-19 disease that has disrupted the human life 

in many ways. In this review, the origin, evolution, transmission, vaccine development, and clinical 

characteristics of these highly pathogenic human coronaviruses are compared and discussed to 

understand the common and different features of these viruses and their relevance to develop a 

successful vaccine to control the pandemic COVID-19. 
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1 Introduction  

Coronaviruses (CoVs), which belong to family Coronaviridae, are 

positive single-stranded RNA (ssRNA) viruses that have spike-like 

glycoproteins present on the envelope, which gives a crown-like 

appearance to it when observed under an electron microscope. The 

ssRNA genome is about 30kb in size. The CoVs form enveloped 

spherical particles which are of size 100–160 nm in diameter. The 

5'-terminal two-thirds of the coronavirus genome is seen to encode 

pp1ab, a polyprotein, which is cleaved into 16 non-structural 

proteins that take part in the process of genome transcription and 

replication. The 3' terminus of the coronavirus encodes structural 

proteins that include nucleocapsid (N), membrane (M), envelope 

(E), and envelope glycoproteins spike (S) (Fehr & Perlman, 2015; 

Dhama et al., 2020a).  

The Coronaviridae family (order Nidovirales) has the subfamily 

Orthocoronavirinae which is further classified into four genera of 

Coronaviruses, which includes the Alpha coronavirus (alphaCoV), 

the Beta coronavirus (betaCoV), the Delta coronavirus (deltaCoV), 

and the Gamma coronavirus (gammaCoV). BetaCoV is then 

further divided into five sub-genera. It has been observed through 

genomic characterization that rodents and bats are the probable 

gene sources of alphaCoVs and betaCoVs, whereas possible gene 

sources of deltaCoVs and gammaCoVs come from the avian 

species (Cascella et al., 2020). In humans, coronaviruses can lead 

to severe respiratory syndrome (Cui et al., 2019). The genomes of 

Middle East Respiratory Syndrome Coronavirus (MERS-CoV) are 

divided into two clades: clade A and clade B. Only a few strains of 

MERS CoV belong to clade A, whereas most of them belong to 

clade B. There are accessory genes, in addition to the genes 

encoding the structural proteins that are specific to the species and 

are dispensable for virus replication (Cui et al., 2019). This review 

article highlights three pathogenic human coronaviruses viz., Sever 

Acute Respiratory Syndrome Coronavirus (SARS-CoV), MERS-

CoV and Sever Acute Respiratory Syndrome Coronavirus – 2 

(SARS-CoV-2) (Dhama et al., 2020a; Rabaan et al., 2020) with a 

focus on their origin, evolution, transmission, advances in diagnosis 

and developing vaccines. Of these, SARS-CoV-2 is currently posing 

devastating pandemic of coronavirus disease 2019 (COVID-19). 

2 Severe Acute Respiratory Syndrome Coronavirus (SARS-

CoV) 

2.1 Origin and evolution 

SARS-CoV was thought to be an animal virus from an uncertain 

receiver-bat, and it was spread to the other animals. Around 

November 2002, SARS first emerged in Guangdong, China 

(Zhong et al., 2003; Xu et al., 2004). Most of the individuals who 

were affected, upon investigation were found to have had contact 

with the live-game trade during November and December 2002 

(Xu et al., 2004). As SARS was seen to cause clusters of diseases 

in healthcare workers and families, it was described as ―infectious 

atypical pneumonia‖ (Zhong & Zeng, 2003). It was found to be a 

novel coronavirus which was not previously endemic in humans 

that was the pathogen causing SARS (Drosten et al., 2003; Ksiazek 

et al., 2003; Peiris et al., 2003). The absence of any serological 

evidence among healthy humans regarding prior infection 

proposed that SARS-CoV had newly appeared in humans. The 

SARS epidemic had infected more than 8000 people in 2003 from 

around 26 countries. 

2.2 Transmission 

Person-to-person contact is the primary route of transmission for 

SARS. When a person infected with SARS-CoV coughs or 

sneezes, it readily gets transmitted by respiratory droplets. Droplets 

of cough or sneeze are propelled from the infected person at a short 

distance through air. This can later get deposited on mucous 

membrane of nose, mouth, and eyes of a nearby person. Also, it 

can be spread by touching contaminated surfaces or objects with 

infectious droplets. The animal-to-human interspecies transmission 

was considered to be the most likely reason for the emergence of 

SARS. Nasal and fecal swabs were collected from apparently 

healthy animals such as raccoon dogs (Nyctereutes procyonoides) 

and Himalayan palm civets (Paguma larvata), which were kept for 

taking part in the live game markets in Guangdong province, and 

RT-PCR was done which showed the presence of a SARS 

coronavirus-like virus having around 99% nucleotide homology to 

the SARS-CoV that had then emerged in humans (Guan et al., 

2003). It was found upon testing that, although there was no prior 

history of a SARS-like disease among the workers of the live game 

trade who handled animals, they had developed an antibody to the 

associated animal SARS coronavirus-like virus (Centers for 

Disease Control and Prevention, 2003; Guan et al., 2003). It is 

possible that these wild-game animal markets in the Guangdong 

province of China provided the crossing point allowing the animal 

precursor SARS-CoV-like virus to be transmitted to humans, 

which then adapted to more efficient human-to-human 

transmission, which thus led to the emergence of SARS (Klempner 

& Shapiro, 2004). The potential SARS-CoV transmission routes 

were studied using models that simulated in-flight infections in an 

aircraft cabin environment. The findings indicated higher 

proportion of in-flight transmission via fomite route (50%) which 

was followed by close contact (29%), and airborne transmission 

(21%) (Lei et al., 2018).
 

2.3 Laboratory Diagnosis 

Several laboratory tests can be carried out for the detection of 

SARS-CoV, including RT-PCR. Various clinical specimens, such 

as nasal secretions, blood, and stool, can be used to detect the virus 

using RT-PCR. The samples were taken from the respiratory tract; 
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feces and urine can also be cultured for detecting SARS-CoV 

(Chan et al., 2004). With the help of electron microscopic studies 

of mucosal biopsies collected from gastrointestinal tract of patients 

with SARS, the replication of SARS-CoV in the gastrointestinal 

tract was established (Leung et al., 2003). These findings suggest 

that SARS-CoV infection can also be due to fecal-oral 

transmission and is not just confined to the airborne spread 

affecting the respiratory tract. The diagnosis of pneumonia in all 

patients affected by SARS can be confirmed by radiography. The 

white blood cell count is seen to be slightly decreased whereas, the 

lymphocyte count was significantly reduced among the SARS 

patients. 

The diagnosis of SARS-CoV mainly relies on laboratory-based 

tests as the clinical manifestations are non-specific compared to 

other respiratory pathogens. Therefore, a rapid simple, 

colorimetric, and multiplex loop-mediated isothermal amplification 

(LAMP) assay was developed for on-site detection as an effort to 

prevent future SARS-CoV outbreaks (Kim et al., 2019). The 

LAMP assay can be used to obtain faster result as compared to the 

conventional PCR method making it not only suitable for 

diagnostic clinical test, but also for disease surveillance in 

developing countries. 

2.4 Clinical characteristics 

All patients affected by SARS-CoV tend to have a high fever 

(>38°C) and are likely to develop pneumonia. Most of the patients 

affected by SARS-CoV present breathlessness; some have fatigue 

and myalgia, and very few show other mild symptoms suggestive 

of respiratory infection, such as sore throat and cough (Zhong et 

al., 2003). Among the outbreak areas, the mortality rate varied 

widely and was found to be around 0% to 17.1%. Most of the 

regions which were first affected, for instance, Guangdong, 

experienced mortality rates of about 4% to 10% whereas, other 

areas that were affected later, for example, Singapore, had a 

mortality rate of around 13% to 17% (Wang & Jolly, 2004). 

2.5 Vaccine development against SARS-CoV 

Infection with SARS-CoV can produce specific IgG and IgM 

antibodies against SARS-CoV as soon as two weeks of post-

infection and can remain until 180 days after infection (Mo et al., 

2005). Along with the high titer of the antibodies, SARS-CoV 

specific cytotoxic T lymphocytes have also been detected from the 

recovered patients, which suggested the role of both humoral and 

cellular immune response for clearance of infection (Xu & Gao, 

2004; Zhong et al., 2005). The activation of the humoral and 

cellular immune response can be possible by several SARS-CoV 

proteins such as pp1a, pp1b, and nucleocapsid (N), membrane (M), 

envelope (E), and spike (S) proteins. Among all, the immune 

response induced by the S protein plays an essential role in 

fighting against SARS-CoV infection (Liu et al., 2014). It is taking 

part in the receptor recognition, attachment, and virus entry 

mechanism. Therefore, it is considered an essential target for the 

SARS vaccine development and its therapeutics (Zhang et al., 

2006). The S protein-based vaccine could induce antibodies to 

block virus binding and its fusion, thereby neutralizing the virus 

infection. The subunits, full-length protein, and receptor-binding 

domain (RBD) of S protein-based vaccines were under 

development. The antibodies that are raised to amino acids 485-

625 and 1029-1192 sequences in S1 proteins have been found to 

neutralize the SARS-CoV infection in Vero E6 cells (Zhou et al., 

2004). When African green monkeys were immunized with an 

attenuated parainfluenza virus that was encoded with full-length 

SARS-CoV S protein, it induced specific neutralizing antibodies to 

be produced, which helped to protect the vaccinated monkeys from 

getting infected with subsequent homologous SARS-CoV-like 

infections. This suggests that in order to prevent SARS-CoV 

infection, immunization with an S protein-based vaccine is highly 

effective (Bukreyev et al., 2004). Yet there is a possibility that 

these vaccines may induce harmful immune responses, which can 

result in liver damage or enhanced infection due to homologous 

SARS-CoV-like virus among the vaccinated animals (Czub et al., 

2005; Weingartl et al., 2004). Therefore, this has raised concerns 

on safety and efficacy of full-length SARS-CoV S protein-based 

vaccines. 

Sublingual administration of inactivated viruses, virus-like 

particles, or soluble protein antigens, is another strategy that can be 

used to induce broad immune responses in mucosal and extra-

mucosal tissues. The sublingual administration of recombinant 

replication-defective adenovirus vectors (rADVs) encoding SARS-

CoV spike protein was found to induce protective immunity 

through serum neutralizing and airway IgA antibodies in mice 

(Shim et al., 2012). Therefore, sublingual administration can offer 

safe and effective route of inducing broad spectrum of immune 

responses. In another study, the ability of inactivated SARS-CoV 

Z-1 vaccine to trigger antibody-dependent enhancement (ADE)-

mediated vaccine-induced infection aggravation was evaluated in 

rhesus macaques (Luo et al., 2018). The vaccinated animals, 

following the challenge with SARS-CoV, did not induce ADE in 

rhesus macaques, and therefore might be a good candidate for 

further clinical trials. 

3 Middle East Respiratory Syndrome Coronavirus (MERS-CoV) 

3.1 Origin and evolution 

MERS is caused by a novel zoonotic beta coronavirus named 

MERS-CoV that was first described in June 2012 (Mackay & 

Arden, 2015). The first case definition of MERS, which was 

defined by WHO, included cough, febrile illness, and 

hospitalization of people who were suspected of having lower 
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respiratory tract infections. It also included people who came in 

contact with confirmed or probable cases or had traveled to 

Arabian Peninsula or were residents of there (Mackay & Arden, 

2015). The people who presented with MERS were those who, 

within 14 days before the onset of symptom, had either traveled 

near or in the Arabian peninsula; who came in close contact with 

the traveler(s) in whom the symptoms such as fever, and acute 

respiratory illness occurred within 14 days after traveling near or 

within Arabian peninsula; or who was one of groups of patients 

who showed symptoms of severe acute respiratory illness of 

unknown etiology (Papadakis et al., 2016). In June 2012, a 60-year 

older man who was hospitalized in Jeddah, Saudi Arabia, had 

expired due to severe pneumonia and multiorgan failure. It was in 

him that the MERS-CoV was first isolated. 

MERS-CoV cases had originated in the Middle East countries, 

including Saudi Arabia, the United Arab Emirates (UAE), Iran, 

Kuwait, Oman, and Qatar. Around 27 countries had reported 

MERS cases, from which more than 80% of the cases were 

reported in Saudi Arabia. MERS-CoV strains that were isolated 

from humans were homologous to those isolated from camels. 

Antibodies specific to MERS-CoV were found to be highly 

prevalent in the camels found in Middle East, Asia, and Africa. In 

one of the studies conducted in Qatar, milk, and serum were 

collected from 33 camels, in which MERS-CoV-specific 

antibodies were detected. Thus, for MERS-CoV, camels are 

considered as the main intermediary host species. The presence of 

MERS-CoV among camels can be said to exist for at least 30 years 

because the serum samples that were collected in 1983 detected the 

presence of MERS-CoV infections (Cui et al., 2019). MERS-CoV 

was also seen in at least 14 species of bats, which belong to the 

two bat families named Nycteridae and Vespertilionidae. There 

were a total of 2494 confirmed cases of MERS-CoV by the end of 

November 2019. The total death reported globally was 858, and 

the case fatality rate for MERS was reported as 37.1% (World 

Health Organization, 2020c).
 

3.2 Transmission 

Although the reason for the transmission of MERS-CoV, a 

zoonotic virus, to humans is not entirely understood, it is believed 

that the humans in the Middle East must have got infected by 

directly or indirectly coming in contact with infected dromedary 

camels. The type of human exposures which has led to the 

infection is the most critical question that has been left 

unanswered. Most of the infected individuals did not come in 

contact with the dromedary camels directly, which is suggestive 

that the route of transmission to humans might have been indirect 

(Wernery et al., 2017).
 

The MERS-CoV is not easily transmitted from one person to 

another unless they come in close contact with each other, such as 

when taking care of MERS patients by health care workers and 

family members. MERS is transmitted through droplet infection, 

i.e., people get infected with MERS-CoV directly when they 

breathe in air that contains the virus in aerosol because an infected 

person has coughed there, or they can get infected indirectly by 

touching the objects on which the droplets have settled. The 

majority of the cases were seen to be due to human-to-human 

transmission in hospitals. All the MERS cases were found to be 

linked to countries within the Arabian Peninsula or near it (Hui et 

al., 2018). The majority of the MERS-CoV infections were due to 

nosocomial outbreaks, which accounted for nearly a third of the 

cases that were reported globally. It has been seen that MERS-CoV 

remains stable in aerosol at low humidity conditions and 

temperature (20°C), and can still be recovered from steel or plastic 

surfaces even after 48 hrs. This is the reason for the easy 

transmission of MERS-CoV in the hospitals and healthcare 

facilities that have central air conditioning, and where aerosol-

generating procedures (AGPs) are carried out, which thereby leads 

to the significant nosocomial outbreak (Hui et al., 2018).
 

3.3 Laboratory Diagnosis 

RT-PCR is used on serum and respiratory samples for the detection 

of MERS-CoV. According to WHO, nasopharyngeal swabs are 

said to be less sensitive as compared to the specimens that are 

taken from the lower respiratory tract such as sputum, 

bronchioalveolar lavage, tracheal aspirate, or pleural fluid (Azhar 

et al., 2019). If it is not possible to acquire specimens from the 

lower respiratory tract, both oropharyngeal and nasopharyngeal 

swabs are to be taken, along with serum and stool (Hui et al., 

2018). Though it is easier to detect MERS-CoV in patients with 

higher viral load, there are not many existing data, which suggests 

the duration of extrapulmonary and respiratory MERS-CoV 

shedding (Nassar et al., 2018). Lymphopenia, leucopenia, elevated 

lactate dehydrogenase levels, and thrombocytopenia have been 

reported among MERS patients. Co-infection with community-

acquired bacteria and other respiratory viruses has also been 

reported. Patients who were on mechanical ventilation support 

were reported to have developed a nosocomial fungal and bacterial 

infection. 

3.4 Clinical characteristics 

The MERS infected individuals can be either asymptomatic or can 

come with mild, moderate, and severe respiratory illness, and they 

show other symptoms such as cough, fever, and dyspnea., and is 

often complicated by associated septic shock, acute respiratory 

distress syndrome (ARDS), severe pneumonia, and multiorgan 

failure. The incubation period for MERS is between 2 to 14 days. 

Mild cases are seen to present with a runny nose, low-grade fever, 

chills, sore throat, myalgia, and dry cough. Some patients can have 

gastrointestinal symptoms, such as vomiting, nausea, and diarrhea. 
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Patients with comorbidities or those that are immunosuppressed 

might be at risk of being severely affected by the disease. People 

who are immunosuppressed may have an atypical presentation, 

such as diarrhea (Chafekar & Fielding, 2018).  

There is no specific antiviral therapy for the disease. Individuals 

infected by MERS-CoV can seek out medical care in order to 

relieve symptoms. Current treatment for those severely affected 

includes care provided for vital-organ support. Any additional 

benefits of new pharmacological agents such as interferon, 

ribavirin, and corticosteroids remain uncertain. Respiratory support 

is essential in patients who show improvement by taking ribavirin 

for 14 days (Papadakis et al., 2016). Isolation and quarantine of 

cases need to be strictly followed. Infection control measures are to 

be strictly followed as well as the management & care of 

household contacts & hospital workers who are engaged in 

patient(s) care. The travelers to Saudi Arabia during the MERS 

outbreak are advised to practice hand washing frequently and also 

to avoid going near people having respiratory symptoms 

(Papadakis et al., 2016). Patients who are suspected of having 

MERS-specific symptoms within 14 days of arrival from Middle 

Eastern countries need to be evaluated. Any form of contact with 

an obviously sick animal is to be avoided. The animals that are 

found to be sick should never be slaughtered for the purpose of 

consumption. Touching nose, mouth, and eyes with unwashed 

hands are to be avoided. Also, personal contact such as kissing and 

sharing cups and utensils with sick people is to be avoided. Objects 

and surfaces which are frequently touched, such as doorknobs, 

should be regularly disinfected (Papadakiset al., 2016).
 

3.5 Vaccine development against MERS-CoV 

MERS-CoV genome contains genes for non-structural proteins 

(NSP1-NSP16), nucleocapsid (N) protein, membrane (M) protein, 

envelope (E) protein, spike (S) protein, and five accessory proteins 

(Du et al., 2017). Although NSP16 and E protein are thought to be 

potential immunogens that can be used to develop live attenuated 

vaccines, S and N proteins are the ones that are considered to be 

essential for the development of vaccines (Menachery et al., 2017). 

Several types of vaccines, such as subunit, whole genome, DNA, 

live attenuated, are potential candidates for development of 

immunity against MERS-CoV. However, live attenuated vaccines 

are considered to be highly effective vaccines because of its 

capability for inducing immunity like the natural infection. The 

vaccine, which was developed previously by deleting E gene of the 

MERS-CoV (rMERS-CoV-ΔE), replicated in a single cycle and 

lacked infectivity. Although the live attenuated viruses-based 

vaccine could have a risk of causing biosafety problems because of 

virulence reversion, rMERS-CoV-ΔE is said to have propagation 

defectivity due to absence of E protein, which would prevent the 

virulence reversion, thereby rendering a much safer option 

(Almazán et al., 2013). Recently, through the mutation of NSP16 

(D130A), a live attenuated MERS coronavirus was created, 

which protected CRISPR-Cas9-targeted 288–330+/+ C57BL/6 

mice from a mouse-adapted MERS-CoV challenge (Menachery et 

al., 2017). 

4 Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-

CoV-2) 

4.1 Origin and evolution 

Coronaviruses are said to be commonly seen in certain animals 

such as camels, cattle, bats, etc. SARS-CoV-2 has caused COVID-

19 pandemic. Although the origin of the virus is not yet known, it 

is considered that animal-to-human interspecies transmission was 

most likely the reason for its emergence (Dhama et al., 2020b; 

Tiwari et al., 2020). The earliest reports suggest that the COVID-

19 cases appeared first in the animal and seafood market in the city 

of Wuhan, China (Khandola, 2020). The ongoing COVID-19 

pandemic has posed high global threats, severe socio-economic 

impacts and challenges to control it (Ciotti et al., 2020; Dhama et 

al., 2020a; Malik et al., 2020; Rodriguez-Morales et al., 2020; 

Sharma & Akhoury, 2020). The S spike protein of SARS-CoV-2 

binds with angiotensin-converting enzyme 2 (ACE2) receptor of 

the host and thus enters into host cells (Iwasaki et al., 2020). 

4.2 Transmission  

The mode of transmission of COVID-19 is through droplet 

infection, i.e., after an infected person coughs or sneezes, the 

person in close contact (around 6 feet) with him has a high 

possibility of getting infected. The droplets containing the virus, 

being heavier than air, settle on nearby surfaces or objects, and any 

person touching them can get infected if they then touch their eyes, 

nose, or mouth (Coronaviridae Study Group of the International 

Committee on Taxonomy of Viruses, 2020). The virus can remain 

infectious, ranging from 2 hours to 9 days on inanimate objects and 

surfaces such as plastics, glass, and metals, and in the drier and 

colder environment can have increased survival (Rabi et al., 2020). 

The contagiousness is defined by a mathematical term called 

Reproduction number (R0). This denotes the number of people that 

can get infected by the host. Although WHO estimates that the R0 

for SARS-CoV-2 is between 1.4 and 2.5, a particular study 

suggests it can range as high as 3.58. It may be because the SARS-

CoV-2 has a longer prodromal period that the virus has a slightly 

higher R0, thereby increasing the contagious period of the host. 

It has been also reported that a large proportion of SARS-COV-2 

patients worldwide are asymptomatic, raising concerns among the 

global public health authorities. The asymptomatic COVID-19 

patients will only have a milder clinical course that does not 

require hospitalization (Han et al., 2020). However, the symptoms 

and severity of the secondary patients infected by the 
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asymptomatic patients varies according to their physical 

constitution. The proportion of asymptomatic individuals among 

the confirmed varies widely (1.95% to 87.9%) (Han et al., 2020). 

SARS-CoV-2 has been detected in the salivary secretion also 

(Chen et al., 2020a). The presence of virus was also investigated in 

the forehead sweat secretion of COVID-19 patients. However, 

none of the samples evaluated were tested positive for SARS-CoV-

2 indicating that the sweat of COVID-19 patients cannot transmit 

the virus even though they can be transmitted via other body fluids 

(Fathizadeh et al., 2020). Recently, air-borne route of transmission 

has also been reported to play an important role in spread of 

SARS-CoV-2 (Morawska & Cao, 2020; Setti et al., 2020; Zhang et 

al., 2020). 

4.3 Laboratory Diagnosis 

Various diagnostic tests to detect SARS-CoV-2 / COVID-19 

include computed tomography (CT), real-time RT-PCR, ELISA, 

sequencing, LAMP, CRISPR-based test, and point-of-care tests 

(Afzal, 2020; Cheng et al., 2020; Dhama et al., 2020a; Udugama et 

al., 2020). Commonly employed diagnostics are real time RT-PCR 

and rapid antigen testing. Appropriate biosafety procedures need to 

be followed during collection, transportation, and testing of 

COVID-19 samples (Karthik et al., 2020). According to the 

recommendation of the CDC, for the initial diagnostic testing of 

SARS-CoV-2, the specimen has to be collected from the upper 

respiratory system for testing. Specimens collected from 

oropharyngeal, nasopharyngeal, and bronchoalveolar lavage can be 

sent for laboratory testing unless a test that is designed to analyze 

specimens directly, swabs collected need to be immediately placed 

into a sterile transport tube which contains 2-3 mL of Amies 

transport medium, or viral transport medium (VTM) or sterile 

saline. In the case of the unavailability of VTM, following the 

protocol of CDC, the standard operating procedure needs to be 

followed to create a viral transport medium in the public health 

labs. The non-bacteriostatic saline and NW specimen which are 

used to collect samples need to be immediately placed inside a 

sterile transport tube. There is also the option of testing the 

specimen from the lower respiratory tract. For SARS-CoV-2, 

sputum should be collected for patients who develop a productive 

cough and is to be sent for testing. For patients on invasive 

mechanical ventilation support, a bronchoalveolar lavage sample 

or a lower respiratory tract aspirate should be collected and tested 

(Centers for Disease Control and Prevention, 2020a). 

Induced sputum test is another method that can be used to detect 

SARS-CoV-2 in patients with COVID-19. A multi-center cross-

sectional study was conducted to compare and evaluate induced 

sputum to throat swabs for SARS-CoV-2 diagnosis. The findings 

from the study indicates higher positive rate for induced sputum 

test as compared to throat swabs (28.6% vs 5.4%, respectively) 

(Lai et al., 2020). Due to the lower false-negative rate, induced 

sputum might be more reliable as compared to throat swabs. It has 

been confirmed that ACE2 is expressed in salivary glands and 

therefore SARS-CoV-2 infection can affect salivary glands (Chen 

et al., 2020a). As a result, saliva can be considered as abetter 

diagnostic specimen for critically ill patients as it can be easily 

collected.  

4.4 Clinical characteristics  

Different people are affected by COVID-19 in different ways. 

Most infected people show mild to moderate illness with 

symptoms of sore throat, dry cough, fatigue, fever, and recovery 

without needing any hospitalization. Diarrhea, headache, 

conjunctivitis, loss of taste or smell, discoloration of toes or 

fingers, or rashes on the skin are some of the less common 

symptoms. Symptoms such as chest pain, breathlessness, and loss 

of movement or speech are severe symptoms and may require 

intensive care treatment. It takes 5 to 6 days on average for an 

infected person to show signs, though it can take up to 14 days for 

the same (World Health Organization, 2020a). Older people with 

comorbidities are at high risk of getting infected by COVID-19 and 

its associated mortality (Dhama et al., 2020c; Zhou et al., 2020). 

Other risk factors include serious illness of heart, chronic lung 

disease, diabetes, liver diseases, chronic kidney diseases, obesity 

and immunosuppression due to HIV infection, immune 

deficiencies, prolonged use of corticosteroids, cancer treatments, 

organ or bone marrow transplantation, etc. (Arumugam et al., 

2020; Centers for Disease Control and Prevention, 2020b). 

ACE2 has a major role in the inflammation as its downregulation 

may aggravate COVID-19 manifestations by promoting 

pathological changes in lung injury. COVID-19 patients develop 

acute respiratory distress syndrome (ARDS) and multiple organ 

failure as a result of the hyper-proinflammatory stage/cytokine 

storm (Iwasaki et al., 2020). At this stage, treatment with 

dexamethasone will have beneficial effects as it limits the cytokine 

storm (Sharun et al., 2020). Although COVID-19 is associated 

with the classical presentation of respiratory symptoms with or 

without pneumonia that may or may not progress into severe 

respiratory distress syndrome, the current evidence suggests a 

plethora of atypical clinical presentation. These include 

cardiovascular, gastrointestinal, nervous, kidney and hepatic 

manifestations in addition to the dermatological and 

thromboembolic phenomena (Dhama et al., 2020a; Philips et al., 

2020). Dry mouth and amblygeustia can be considered as the 

initial symptoms of SARS-CoV-2 infection as the virus can affect 

salivary glands (Chen et al., 2020a). 

4.5 Vaccine development against SARS-CoV-2 

Due to its high virulence, there is a pressing need to develop a 

vaccine against COVID-19, which is both safe and effective. 
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Various research groups from across the world have started to 

develop a vaccine against SARS-CoV-2 by gaining insights from 

the SARS and MERS vaccine development strategies. The RBD of 

S protein is used for immunization antigen because of its property 

to activate the neutralizing antibodies, which then prevents the 

virus from attaching to the host cell (Al-Amri et al., 2017; Du et 

al., 2009). A vaccine based on nucleic acid has also proven to be a 

highly advanced platform to combat the emerging pathogens. 

There are many academic sectors and biopharmaceutical 

companies which are in competition to develop a prophylactic 

vaccine against SAR-CoV-2 by using several platforms such as 

mRNA, DNA, recombinant protein, adenoviral vector and others 

(Chen et al., 2020b; Yatoo et al., 2020). 

According to WHO, around 150 vaccines are being developed 

against SARS-CoV-2, of these few are already under clinical trials 

(World Health Organization, 2020b). There are several types of 

vaccines, such as the mRNA vaccine, DNA vaccine, recombinant 

vaccines, adenovirus vaccine, live-attenuated and inactivated virus 

vaccines, protein subunit and plant-based vaccines which are under 

development to combat SARS-CoV-2 (Yatoo et al., 2020). Just 

after 66 days since SARS-CoV-2 was first sequenced, Moderna's 

mRNA-1273 based vaccine went under clinical trials, which shows 

that there is vast potential for nucleotide-based vaccines. It 

employs a synthetic lipid nanoparticle to carry the mRNA 

templates, which allows the immune system to help in recognizing 

the SARS-CoV-2's S protein (Jackson et al., 2020). AstraZeneca 

and Oxford University are developing a recombinant vaccine 

AZD1222 in order to obtain a similar effectiveness by 

bioengineering an adenovirus to carry DNA for S protein antigen. 

As the adenoviruses are immunogenic, the vaccine developed by 

this approach could lead to generating robust memory T cell and B 

cell responses, which could help in obtaining better protection with 

fewer doses. GlaxoSmithKline and Sanofi are together working on 

a protein subunit approach for development of the effective 

vaccine, which consists of S protein antigen combined with an 

immunogenic adjuvant that is supposed to trigger a more robust 

immune response (Mullard, 2020; Yatoo et al., 2020). Sputnik V is 

the first registered COVID-19 vaccine whose public use has been 

started, while other vaccines are also in pipeline that are currently 

being tested in different phases of clinical trials
 
(Sputnik, 2020; 

TOI Coronavirus vaccine, 2020). In India, the COVID-19 vaccine 

COVAXIN (an inactivated vaccine), developed by Bharat Biotech 

in collaboration with Indian Council of Medical Research-National 

Institute of Virology, is soon going to undergo Phase III human 

clinical trials
 
(Bharat Biotech, 2020). 

5 Conclusion and Future Prospects 

The comparative analysis of highly pathogenic human 

coronaviruses revealed novel insights on their evolution, structure, 

transmission, clinical characteristics and their relevance to vaccine 

development. Bats are natural reservoirs of CoVs and all these 

emerging coronaviruses were passed on to humans from the bats. 

Though the SARS-CoV and MERS-CoV emerged in 2003 and 

2012, respectively, they are highly different in their antigenic make 

up, transmission route, severity of clinical manifestation of the 

disease. There is no successful vaccine approved for the use in 

human against any coronavirus. However, there are studies carried 

out towards the development of vaccines and those studies gave 

novel insights on the biology of the virus and challenges involved 

in the developing vaccines for coronaviruses. The SARS-CoV-2 

caused the pandemic and lot of progress is being made to develop a 

successful vaccine. Adenoviral vector or nucleic acid-based 

vaccines are under different stages of testing to understand their 

safety and efficacy. Lessons learnt from the vaccine studies of 

SARS-CoV and MERS-CoV need to be looked at carefully during 

the vaccine studies of SARS-CoV-2. The issues such as antibody 

mediated enhancement of infection, neutralizing antibody 

response, and protective antibody response need to be addressed 

prior to the approval of vaccines for controlling COVID-19.  
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