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ABSTRACT

COVID-19 continues to pose a global public health emergency several months after the first cases of severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) (then referred to as novel coronavirus [2019-nCoV]) infection were 
reported in Wuhan, China. Starting off as local infection, it has now affected most countries devastatingly while taking its 
toll on millions of people. So far, clinicians and researchers have derived biological understanding and treatment designs 
to tackle COVID-19 from the recently learned lessons during similar epidemics caused by coronaviruses, namely, 
SARS-CoV and Middle East respiratory syndrome coronavirus (MERS-CoV). However, COVID-19 has transformed 
into a pandemic surpassing the previously reported epidemics and requires a targeted therapy approach in addition to 
synchronized preventive measures. With the advent of new knowledge and developments on the subject of SARS-
CoV-2 almost every day, an update to the biological understanding of coronaviruses is necessary as well. This article 
presents a comprehensive review of SARS-CoV-2 biology, COVID-19 epidemiology, and therapeutic approaches for 
patients along with the major issues of concern. We cover the structure and infection mechanism of SARS-CoV-2 
known till date, along with the common pathological findings and immune responses in patients. We also review the 
patterns of disease epidemiology in India and worldwide, the current therapeutic modalities as well as the possible 
strategies of prophylaxis and treatment that may be used for COVID-19 patients in the near future. Finally, we discuss 
a few challenges put forth by this pandemic in a developing country like India which need to be addressed immediately.

1. INTRODUCTION

Coronaviruses belong to a family of enveloped, single-stranded 
positive-sense RNA (+ssRNA) viruses which are known to infect a 
variety of hosts spanning humans as well as other mammals, birds, and 
vertebrates [1-3]. While the main manifestation of the viral disease is in 
the form of respiratory infection or enteric disease, coronaviruses have 
also been known to trigger hepatitis and neurologic illness in certain 
cases [2,3]. Up until now, infections by individual coronaviruses were 
believed to be species-specific, where the infection could be acute as well 
as persistent [3]. However, the recent outbreak of coronavirus-induced 
fatal pneumonia in Wuhan, China, in late 2019 and its transformation 
into a pandemic disease by early 2020 has put this notion to question, 
as the causal pathogen has been suggested to have a zoonotic origin and 

*Corresponding Author 
Khushboo Irshad 
Department of Biochemistry,  
All India Institute of Medical Sciences, New Delhi, India 
E-mail: khushbooirshad@yahoo.com  
Mohammad Irshad 
Previously at Department of Laboratory Medicine,  
All India Institute of Medical Sciences, New Delhi, India 
E-mail: drirshad54@yahoo.com

shares ancestry with bat coronavirus HKU9-1 [4]. The World Health 
Organization (WHO) has named this underlying novel coronavirus 
as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
owing to its similarities to SARS-coronaviruses (SARS-related 
coronaviruses), while the disease has been termed as coronavirus 
disease 2019 or COVID-19 [5]. By early March 2020, COVID-19 was 
declared as a “public health emergency of international concern” by the 
WHO; and by late July, SARS-CoV-2 had infected >16 million people 
worldwide with at least 646,384 patients dead [6]. Henceforth, to assist 
the rapidly progressing research in this field, the ground understanding 
of coronavirus biology needs to be updated with the latest knowledge 
and developments emerging during the COVID-19 pandemic. Here, we 
review the various biological aspects of coronaviruses, especially in 
reference to the structure, imaging, and infection mechanism of SARS-
CoV-2; the patient immune response to SARS-CoV-2 followed by the 
epidemiology and therapeutic management of COVID-19; and finally, 
the major challenges posed by this disease.

2. STRUCTURE, IMAGING, AND INFECTION 
MECHANISM OF SARS-COV-2

Taxonomically, coronaviruses are classified under the sub-family of 
Coronavirinae which is included in the family Coronaviridae of the 
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order Nidovirales [1,7,8]. The sub-family comprises of four genera, 
namely, Alphacoronavirus, Betacoronavirus, Gammacoronavirus, and 
Deltacoronavirus [1,8]. The classical genome of coronavirus is known 
to contain a single-stranded RNA approximately 30 kb in length with a 
5′-cap structure and a 3′-poly-A tail [1]. Sequence analysis of the recent 
SARS-CoV-2 virus has revealed that it is composed of the typical 
genome structure of coronaviruses which can be grouped under the 
cluster of beta coronaviruses that also includes SARS-CoV, MERS-
CoV, and certain Bat-SARS-like coronaviruses [1,7,9]. Detailed 
phylogenetic analysis has, in fact, revealed a closer relationship of 
SARS-CoV-2 to Bat-SL-CoV ZC45 and Bat-SL-CoV ZXC21 [1,10], 
while another study has also suggested the zoonotic origin of SARS-
CoV-2 and its shared ancestry with bat coronavirus HKU9-1 [4].

Classically, ssRNA in coronaviruses is known to translate polyprotein 
1a/1ab (pp1a/pp1ab) that encodes sixteen nonstructural proteins that 
enable the formation of a replication-transcription complex and lead 
to the production of subgenomic mRNAs [11]. Further, four structural 
proteins are known to be formed in coronaviruses that are essential 
for the process of infection and virion assembly [1]. In the case of 
SARS-CoV-2, the viral genome has been identified to be arranged in the 
following order: 5′-UTR-replicase complex (orf 1ab)-structural proteins 
(Spike(S)-Envelope(E)-Membrane(M)-Nucleocapsid(N))−3′-UTR and 
nonstructural open-reading frames [12]. Role of the structural proteins has 
been documented previously with regard to other coronaviruses. Briefly, 
the spikes on the viral surface constitute homotrimers of S proteins 
which facilitate the viral attachment to host cell receptors [13,14]. E 
protein is involved in viral pathogenesis and functions in virus assembly 
and release [15,16]. M protein containing three transmembrane 
domains accounts for virion shape, membrane curvature, and binding 
with nucleocapsid [17,18]. N protein binds to Nsp3 protein to bind the 
genome to replication-transcription complex and enables the packaging 
of the encapsidated genome into virions [19-21]. N protein can also 
act as an interferon-antagonist and a viral-encoded repressor of RNA 
interference that aids viral replication [22].

Similar to the morphodiagnostic features of coronaviruses, 
SARS-CoV-2 particles have been observed to be spherical, with 
characteristic spike proteins protruding from the surface [23]. Prasad 
et al. revealed the detailed morphology and ultrastructure of SARS-
CoV-2 using transmission electron microscopy imaging. They 
documented the round shape of the virus having an average particle 
size of 70–80 nm and a cobbled surface structure with envelope 
projections that averaged 15±2 nm in size [23].

Following the recent COVID-19 outbreak and pandemic, research 
studies were taken up to identify the cellular receptor of SARS-CoV-2 
on human cells. In one such study, cryo-electron microscopy imaging 
revealed that similar to the virus that caused the 2002 SARS outbreak, 
SARS-CoV-2 binds to angiotensin-converting enzyme 2 (ACE2) 
receptors on human cells using its spike proteins [24]. In another 
study, predictions using molecular modeling docking and structural 
bioinformatics indicated that cell-surface receptor glucose-regulated 
protein 78 might be a potential binding candidate available to the spike 
protein of SARS-CoV-2 particle [25]. Similarly, another molecular 
modeling study predicted the potential interaction between human 
CD26, an important immunoregulatory factor for virulence, and S1 
domain of SARS-CoV-2 spike glycoprotein [26].

The potential mechanism employed by SARS-CoV-2 for intracellular 
entry in the host has been described as similar to the infection 
mechanism of SARS-CoV. It begins with the S protein present on the 
viral coat which contains a receptor-binding region with a high affinity 

toward extracellular domain of ACE2 receptor [27,28]. Upon binding, 
a cleavage occurs in S protein along dibasic arginine sites by the 
activity of host protease TMPRSS2 that results in S1 and S2 subunits. 
This is followed by S2-induced membrane fusion and internalization 
of the virus along with ACE2 through endocytosis in the cell [28].

3. PATHOLOGICAL FINDINGS AND HOST IMMUNE 
RESPONSE IN COVID-19 PATIENTS

Before the COVID-19 pandemic, the world had quite recently seen 
deadly outbreaks initiated by two coronaviruses named SARS-CoV 
and MERS-CoV, which, like SARS-CoV-2, were reported as zoonotic 
origin viruses that had crossed the species barrier [29]. Thereafter, 
comparisons between SARS-CoV-2, SARS-CoV, and MERS-CoV 
have indeed shown a lot of resemblances in terms of clinical symptoms 
which start from asymptomatic infection up till SARS [30,31].

Since the appearance of the first cases in Wuhan, China, in December 
2019, various immunological and clinical features of COVID-19 
infection and the associated respiratory illness have been under 
rigorous examination and research which continue to progress rapidly 
even now [29]. It is now established that COVID-19 infection can 
result in severe pneumonia which may become fatal in older patients 
with comorbidities such as cardiovascular diseases, chronic kidney 
disease, diabetes, malignancies, and liver diseases [32-34]. Typically, 
patients diagnosed with COVID-19 infection have presented with 
clinical presentations of fever, fatigue, dry cough, anorexia, myalgia, 
dyspnea, diarrhea, and headache [32,34,35]. Mostly, chest computed 
tomography scans of patients have shown bilateral multiple lobular 
and subsegmental areas of consolidation, and the median time from 
the onset of symptoms to intensive care unit (ICU) admission has been 
10 days [34,35]. As checked at the time of ICU admission, the median 
partial pressure of oxygen has been seen to be 68 mm Hg (interquartile 
range [IQR], 56–89), while the median partial pressure of oxygen to 
fraction of inspired oxygen ratio has been observed as 136 mm Hg 
(IQR, 103-234) [34].

According to the many investigations done till date, the commonest 
abnormal laboratory findings of COVID-19 patients include 
elevated total neutrophils, decreased total lymphocytes, elevated 
serum interleukin-6 (IL-6), and increased C-reactive protein, 
apart from prolonged prothrombin time and increased lactate 
dehydrogenase [9,32,34,35]. These studies have suggested that 
similar to previous reports of SARS-CoV and MERS-CoV affected 
patients, COVID-19 patients may be associated with cellular immune 
deficiency, coagulation activation, myocardia injury, and hepatic and 
kidney damage [34]. In response to SARS-CoV-2 infection, the initial 
plasma levels of the cytokines IL-1β, IL-1Rα, IL-7, IL-8, IL-9, IL-10, 
basic fibroblast growth factor, granulocyte colony-stimulating factor, 
granulocyte monocyte colony-stimulating factor, interferon-gamma 
(IFNγ), IP10, MCP1, MIP1A, MIP1B, platelet-derived growth factor, 
tumor necrosis factor-α (TNF-α), and vascular endothelial growth 
factor in the patients have been found elevated relative to healthy 
controls [35]. In addition, patients admitted to ICU have shown 
elevated plasma concentrations of IL-2, IL-7, IL-10, GSCF, IP10, 
MCP1, MIP1A, and TNF-α than the non-ICU patients [35]. Hence, 
COVID-19 severity and progression have largely been attributed to the 
development of a highly pro-inflammatory condition in patient [36].

It has been hypothesized that, like SARS-CoV, SARS-CoV-2 possibly 
acts mainly on lymphocytes, particularly T lymphocytes [32,37]. 
Following infection with SARS-CoV-2, the virus particles are able 
to spread through respiratory mucosa and infect other cells, thereby 

32,34
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generating a “cytokine storm” which constitutes a sequence of immune 
responses and disturbances in peripheral white blood cells and immune 
cells like lymphocytes. At times, such aggressive cytokine activity can 
lead to viral sepsis and inflammation-induced lung damage which 
can cause complications such as acute respiratory distress syndrome, 
septic shock, and even multiple organ failure, implying the need for 
early diagnosis and treatment in such critical cases [32,36].

The human innate immune system usually identifies viral invasion in 
cells by recognizing molecular structures named pathogen-associated 
molecular patterns (PAMPs) [38,39]. This event is followed by 
activation of several signaling pathways such as activator protein 1, 
nuclear factor κB, interferon response factor 3 (IRF3), and IRF7. IRF3 
and IRF7 are responsible for the synthesis of type I interferon (IFN-α and 
IFN-β), which carry out antiviral innate immune response by inhibition 
of viral replication and dissemination at an early stage [40]. However, 
in the case of SARS-CoV-2, an antiviral response by type I IFN has 
been found as suppressed [39]. Further, a significant portion of the 
human adaptive immune response to viral infections is formed by the 
T-cells which generate a substantial IFN-γ response [37]. Chen et al. 
have recently shown that SARS-CoV-2 infection essentially decreases 
the count of T lymphocytes, especially CD4+ and CD8+ T-cells, and 
reduces IFN-γ secretion by CD4+ T-cells. In fact, these two have been 
determined as potential immunological markers that correlate with the 
severity of disease in COVID-19 patients [37].

Even with the list of most common presenting symptoms of COVID-19, 
a pressing need was recognized to characterize the range of clinical 
presentations so as to enable early diagnosis, isolation, and management 
of the infected individuals. In one such attempt, it was found that the 
patients who presented with gastrointestinal symptoms of nausea, 
vomiting, and diarrhea at the time of testing were significantly more 
likely to test positive for COVID-19 than to test negative, whereas 
patients without these symptoms had equal chances of testing positive 
or negative [41]. The authors analyzed a multi-variable model using the 
known variables associated with a positive COVID-19 test outcome 
and inferred that, indeed, a presence of gastrointestinal symptoms led 
to a 70% increase in the risk of testing positive.

It is noteworthy that the manifestation of gastrointestinal symptoms 
in COVID-19 patients such as diarrhea, vomiting, and stomach 
ache [42,43] can be justified by the expression of ACE2 receptors on 
the epithelial cells of the small intestine that can enable SARS-CoV-2 
binding [44]. Furthermore, the occurrence of gastrointestinal symptoms 
has been reported exclusive of the respiratory symptoms albeit in 
rare cases [43]. Even so, these findings need to be substantiated in 
large groups of patients and cannot be called as primary symptoms of 
COVID-19 onset. Nonetheless, they do point to digestive system as 
being a candidate target organ for SARS-CoV-2. Therefore, it might be 
pertinent to combine gastrointestinal symptoms along with respiratory 
symptoms while diagnosing patients by their symptoms.

4. EPIDEMIOLOGY OF COVID-19

Early studies of COVID-19 (then referred to as 2019-nCoV – infected 
pneumonia) had confirmed the human-to-human transmission of this 
disease [33]. In one such study, Li et al. had studied the first 425 
confirmed cases in Wuhan to determine the epidemiological profile of 
COVID-19. Although early in their inference, they did present some key 
factors responsible for disease transmission and possible management, 
varying from estimation of reproduction number, to determining the 
trends in incubation period and serial interval, to proposing possible 
management by isolation and medical observation of the exposed 

people for at least 14 days and a similar quarantine period for close 
contacts. The same parameters have been substantiated by other related 
studies [45]. These studies have estimated a reproduction number (R0) 
of 2.2–2.5, that is, each infected person can further transmit it to 2.2 
other people. Incubation period, defined as the time duration between 
infection and appearance of symptoms, has been reported to be 
ranging from 1 to 14 days with a mean of 5.2 days. Another important 
epidemiological factor in determining the transmission is the serial 
interval which is the time between onsets of symptoms in successive 
cases. This is estimated by studying the time of illness onset in infector-
infectee (primary and secondary cases) pairs. The mean serial interval 
in these studies and others was reported differently as 7.4 days [33], 
5.8 days [45], and 3.96 [46], with the latter group reporting R0 of 1.32. 
Nevertheless, however, varied these estimates be, a value >1 for R0 
indicates an increase in epidemic and therefore, the control measures 
must aim to bring it down to <1. Further, when the serial interval is 
lesser than the incubation period, that is, the secondary cases (infectee) 
show symptoms before the primary (infector) case, the disease is said 
to have significant pre-symptomatic transmission. This attenuates the 
success of control measures that are set up after onset of symptoms, 
such as isolation, contact tracing, and use of face masks. Case studies 
have revealed symptomatic, pre-symptomatic, and even asymptomatic 
transmission of COVID-19 [6,45-49].

In India, the first confirmed positive case of COVID-19 was recorded 
on January 30, 2020, that of a student who returned to Kerala from 
Wuhan, China [50,51]. By April 9, 2020, more than a hundred cases 
had been confirmed in the country, with the majority showing a 
travel history to the affected parts of the world. However, in spite 
of the predisposition of India as the second-most populous country 
and a developing nation with limited medical facilities (especially 
in the rural areas), the number of deaths resulting from COVID-19 
have been less as compared to other nations. This could be possibly 
linked to a younger population in India at the present time [50,52]. 
The current epidemiological scenario in India has been displayed in 
Figure  1. As per the Ministry of Health and Family Welfare, India, 
(https://www.mohfw.gov.in) on October 27, 2020, the total number of 
active COVID-19 cases stand at 625,857 (7.9%), while the cured or 
discharged patients sum up to 7,201,070 cumulatively. The cumulative 
number of deaths confirmed as a result of COVID-19 in India has 
been documented as 119,502 which is 1.5% of the total cases till date 

Figure 1: Distribution of active cases, discharged cases, and deaths due to 
COVID-19 in India as on October 27, 2020 [Source: https://www.mohfw.gov.in/].
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[Figure 1]. On the other hand, the cumulative count of deaths across 
the world corresponds to 2.7% (1,152,604) of the total confirmed 
cases (42,966,344) in the world as per WHO [6]. Upon checking 
the statewise distribution of cases in India, it may be noted that the 
maximum active cases on October 27,2020 exist in Maharashtra 
(134,657; 21.5%), followed by Kerala (93,848; 15%), Karnataka 
(75,442; 12.1%), West Bengal (37,190; 5.9%), Tamil Nadu (29,268; 
4.7%), Andhra Pradesh (28,770; 4.6%), Uttar Pradesh (26,652; 4.3%), 
Delhi (25,786; 4.1%), Chhattisgarh (22,093; 3.5%), and Telangana 
(17,890; 2.9%) [53]. However, it should be pointed out that the 
coverage and frequency of laboratory surveillance for SARS-CoV-2 
by the Indian Council of Medical Research (ICMR) have improved 
continually over time. COVID-19 in India was reported more among 
men and older individuals and was common among nearby contacts of 
the patients [51]. Nevertheless, as a nation having the second highest 
number of confirmed cases in the world at present [6], India is in a 
situation that warrants continuous development of surveillance tools 
and strategies at both national and state levels.

5. MODES OF TRANSMISSION OF SARS-COV-2

In a scientific brief published by the WHO [54], COVID-19 
transmission through contact routes as well as respiratory droplets has 
been highlighted [30,33,35,55-57]. Respiratory droplets are droplet 
particles >5–10 μm in diameter and the transmission can occur in 
people within 1 m of an infected person who shows respiratory 
symptoms (e.g., coughing and sneezing). This is direct transmission. 
Indirect transmission occurs through fomites within the immediate 
environment of the infected person or through items used on the 
infected person (e.g., thermometer and stethoscope) [58].

Although airborne transmission has not been reported in the case of 
COVID19, there is possibility of it being transmitted through aerosols 
which might be generated during healthcare support to the patient such as 
ventilation and intubation. Aerosol transmission occurs through droplets 
<5 μm in diameter (called as droplet nuclei) which are capable of being 
in air for longer times and can be transmitted over greater distances 
than respiratory droplets. However, a more recent study was done to 
estimate the respiratory virus shedding in the exhaled breath of 246 
patients having respiratory illnesses, including coronavirus infections. 
It provided evidence that respiratory droplets from coronavirus-infected 
patients can remain in the exhaled air for at least 30 min [59].

There are reports of viral RNA or live infectious virus being 
present in fecal matter, suggesting a possible fecal–oral route of 
transmission [60,61]. In fact, fecal polymerase chain reaction (PCR) 
testing was found to be as accurate as the PCR detection from the 
respiratory specimen in a study done by Tian et al. [62]. It has also been 
seen that SARS-CoV-2 particles survive longer in the gastrointestinal 
tract than in the respiratory tract. Xu et al. [63] detected viral RNA 
in rectal swabs of pediatric patients even after their nasopharyngeal 
testing had become negative, signifying the importance of rectal 
swab-testing over nasopharyngeal swab-testing while determining 
the efficacy of treatment. Thus, the role of the digestive system in 
COVID-19 patients and its possibility as a potential transmission 
route needs to be addressed with utmost attention for better disease 
management and checking transmission [42].

Based on these and other reports, the WHO has issued guidelines for the 
people looking after COVID-19 patients, including droplet and contact 
precautions; and airborne precautions in case of possible aerosol-generating 
procedures and support treatment procedures [6,54]. Similarly, it has laid 
emphasis on the significance of frequent hand hygiene, environmental 

cleaning, and disinfection, need for physical distancing and avoiding close 
contact with people displaying fever or respiratory symptoms.

6. THERAPEUTIC MANAGEMENT OF COVID-19

Limited knowledge about the virus poses a challenge to developing 
effective therapeutics against SARS-CoV-2. However, with the viral 
genome sequence (GenBank ID: MN908947.3) information available, 
the identification of druggable targets provides a ray of hope for 
COVID-19 patients. While there is an urgency to tackle the disease 
and its complications by scaling up rapid diagnosis and therapeutics, 
there is an equally commanding need to develop effective antiviral 
therapy for long-term management and prevention of such outbreaks 
in the future.

Convalescent plasma (CP) therapy has been hailed as the wonder 
savior in this regard. It is a type of passive antibody therapy during 
which a susceptible individual is administered antibodies to prevent 
or treat an infectious disease [64]. These antibodies are against the 
disease-causing agent. In the case of SARS-CoV-2, these antibodies are 
likely to neutralize the virus or might possibly activate phagocytosis 
or antibody-dependent cellular cytotoxicity. These passive antibodies 
can be derived from human convalescent sera of recent patients 
who have fully recovered from the disease or can be generated in 
certain genetically modified animal hosts which can produce human 
antibodies. Of these, human convalescent sera only can be immediately 
made available for use. It will, however, take several months’ time 
to raise antibodies in hosts or produce this using recombinant DNA 
technology or produce a potential vaccine to combat this threat.

CP therapy has been earlier used successfully in the treatment of 
SARS, MERS, and 2009 H1N1 patients with adequate efficacy and 
safety [65-68] and has also been reported to show improvements in 
severe COVID-19 patients [69,70]. In a study led by Duan et al. [69], 
convalescent sera from COVID-19 recovered patients was used in 10 
severe COVID-19 patients and shown to improve symptoms such as 
fever, cough, chest pain, and difficulty in breathing within 1–3 days 
after CP transfusion. The efficacy of this approach is reinforced by 
the fact that two of the three patients who received mechanical 
ventilation were weaned off to high-flow nasal cannula and patient 
earlier on conventional low-flow nasal cannula oxygenation was 
shifted to intermittent oxygenation. There was an improvement in 
clinical outcomes of patients when compared to a control cohort 
treated at the same hospital. Seven of the ten enrolled patients showed 
a positive result for reverse transcription-PCR done for SARS-CoV-2 
RNA before CP transfusion, while it was negative in three patients. It 
reduced to undetectable level in almost all positive patients within 2–6 
days after CP therapy.

At present, there are no drugs approved by the Food and Drug 
Administration for prevention or treatment of COVID-19. However, 
there are studies underway aiming to employ novel or already 
available pharmacologic agents for inhibiting the growth of SARS-
CoV-2 [71,72]. Remdesivir is a drug which is known to inhibit viral 
replication by incorporating into nascent RNA resulting in pre-mature 
termination [73,74]. In-vitro experiments by Wang et al. on Vero 
E6 cells infected with SARS-CoV-2 showed effects post virus entry 
into the cells [73]. The same group also reported chloroquine to be 
effective against the virus at both entry and post-entry stages of SARS-
CoV-2. It increases endosomal pH, affects the fusion of virus and cell, 
and also interferes with receptor glycosylation. While chloroquine is 
an age-old drug used in cases of malaria and has been repurposed to 
treat COVID-19 patients with limited success, remdesivir has been in 
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fast-track stages of the clinical trial, while its safety and efficacy as an 
anti-SARS-CoV-2 therapeutic candidate remains to be determined [73]. 
Several other drugs are currently in clinical trials of prophylaxis (pre-
exposure and post-exposure) or treatment of COVID-19 in a fast-track 
and parallel manner, raising the hope of rapid progress against this 
pandemic [72].

7. FUTURE CHALLENGES IN THE CONTEXT OF 
DEVELOPING COUNTRIES SUCH AS INDIA

In view of a serious health hazard created the world over by this 
pandemic COVID-19 infection, there is an urgency to address some 
important issues related to it. The first important aspect relates to 
an early realization of COVID-19 infection on the basis of clinical 
symptoms. Although this appears a bit difficult due to the close 
resemblance among symptoms produced during several other 
respiratory viral infections, including common flu, H1N1 infection, 
SARS, MERS, and others [75,76]. However, the development of an 
algorithm of signs for clinical examination of the subjects may give 
certain thin lines of evaluation to pick COVID-19 at an early stage 
before the patient advances to the risk of sepsis and high fatality. 
Besides, it may also prevent disease transmission to close contacts and 
its further spread in the vicinity. Simultaneously, there is an urgency 
to develop credible, fast, and easy-to-perform laboratory procedures 
for an accurate diagnosis of COVID-19. At present, the use of PCR-
based assays does not cope up the urgency of early diagnosis, while 
the rapid antibody test does not deliver a specific diagnosis. Whereas 
antibody tests have a questionable status, PCR assays are lengthy and 
need specialized laboratory set-up. In a country like India, it is not 
possible in all hospitals to conduct PCR, particularly in peripheral 
hospitals where patients undergo treatment. Now it may be possible 
to develop enzyme immunoassay systems for mass screening of 
populations yielding a final and confirmative detection of IgM/IgG 
anti-SARS-CoV-2 antibodies, thereby enabling early and accurate 
detection of the infection. Expression of a specified genomic region of 
SARS-CoV-2 genome and the use of the peptide as an antigen for the 
development of a sandwich type of ELISA may solve many problems. 
All these actions need steps at war-footing to tackle the current crisis.

On a similar line, various authors support extensive use of convalescent 
plasma therapy for immediate neutralization of the replicating virus in 
COVID-19 patients, as well as the initiation of new trials of recently 
developed antiviral drugs which have been used in case of other viruses 
such as SARS-CoV and hepatitis virus C infection in the last one 
decade [77-79]. Placing hopes on chloroquine, an anti-malarial drug, 
to act effectively may not be promising. In addition, the development 
of an effective vaccine may prove to be a long-term goal which could 
take several months [72]. While one ardently hopes for a fruitful 
vaccine with maximal efficacy, the existence of numerous strains of 
the virus as well as the possibility of rapid genomic variations during 
in situ multiplication of virus, as the same has been documented in the 
case of many other viruses, is quite worrisome.

It is hereby imperative to discuss the various trials of different preventive 
vaccines that have begun worldwide, including in India, although the 
current treatment strategy primarily focuses on the management of 
COVID and its associated severities. In the global landscape, six main 
types of COVID-19 vaccine candidates are being worked upon which 
can be categorized as: protein subunit (7 clinical and 50 preclinical), 
recombinant viral vectored (4 clinical and 38 preclinical), nucleic acid-
based (10 clinical and 27 preclinical), virus-like particles (1 clinical 
and 12 preclinical), inactivated virus (5 clinical and 9 preclinical), and 

live attenuated virus (3 preclinical). The nucleic acid-based platform 
comprises of both mRNA vaccines (6 clinical and 16 preclinical) as 
well as plasmid DNA vaccines (4 clinical and 11 preclinical) [80].

The frontrunner vaccine candidates can be further discussed in detail. A 
study published in The Lancet in July 2020 demonstrated the efficacy 
and safety of an adenovirus-vectored vaccine (ChAdOx1 nCoV-19) 
that expresses SARS-CoV-2 spike protein [81]. The preliminary 
findings from this study support the ongoing phase III trials that have 
begun in the UK, Brazil, South Africa, and USA. This vaccine has also 
been found to prevent SARS-CoV-2 pneumonia in rhesus macaques 
by triggering a balanced Th1/Th2 humoral and cellular immune 
response [82]. Another candidate is Ad5-nCoV, an adenoviral (non-
replicating) vaccine candidate developed by CanSino Biologics Inc., 
Beijing Institute of Biotechnology, which expresses S protein and 
is administered as a single dose of IM injection. At present, going 
through phases I and II, the phase II studies of the vaccine are mainly 
being conducted in China and Canada [80]. Another frontrunner 
vaccine candidate, mRNA-1273, has been co-developed by Moderna 
Inc. and the National Institute of Allergy and Infectious Diseases to 
investigate its preventive action on COVID-19 [83]. It consists of a 
lipid nanoparticle formulation with an mRNA encoding the protein 
S-2P, a surface spike protein which helps in the entry of SARS-CoV-2 
into a cell. After its successful evaluation in the study participants, 
NIH initiated its phase III trial. Other prospective vaccine candidates 
that are undergoing phase III trials in various nations include PiCoVacc 
(Sinovac Biotech), BNT162b1 (BioNTech, Pfizer, Fosun Pharma), 
BBIBP-CorV (Sinopharm, Beijing Institute of Biological Products 
Co. Ltd.), COVID-19 vaccine (Sinopharm, Wuhan Institute of 
Biological Products Co. Ltd.), and INO-4800 (Inovio Pharmaceuticals, 
International Vaccine Institute) [80].

Finally, India does not lag behind in its efforts to develop a potential 
vaccine candidate and has launched the human trial of its first 
COVID-19 vaccine named as “COVAXIN™.” Developed by Bharat 
Biotech in collaboration with ICMR – National Institute of Virology, 
it is a form of the inactivated vaccine and has been approved for phase 
I and II trials after it showed promising results in part 1 of its phase I 
trial [84]. However, it may be important to point out here that while 
parallel and overlapping investigations of potent COVID-19 vaccines 
is the global need of the hour, previous scientific knowledge and 
implementation strategies should be constant guidance while furthering 
the best candidates during clinical trial, approval, manufacture, 
distribution, and final application in any population.

Last but not least, the administrative strategies in any given state or 
country have proven to be critical in the control of the pandemic and 
need to be based on scientific deductions. The present focus lies on the 
construction of mathematical models aimed at impeding an unbearable 
burden on the health care infrastructure [47]. In India, the impact of 
various lockdown strategies on COVID-19 transmission has been 
assessed [85]. A framework of differential equations was created by 
integrating the reported number of cases from 14 nations. It indicated 
that implementation of a stringent lockdown for a minimum of 21 
days is essential to significantly lower virus transmission and may be 
prolonged up to 42 days. Although different models based on varying 
mathematical assumptions have emerged in separate areas, lockdown 
strategies and physical distancing remain one of the most effective 
ways of curbing exponential transmission of COVID-19.

Henceforth, perceiving this pandemic as a common world challenge, 
scientists, and administrators must put forth combined efforts and 
synchronized decision-making to address the global crisis.
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8. CONCLUSION

We have reviewed the most up to date research pertaining to structure 
and infection mechanism of SARS-CoV-2 as well as immunopathology, 
epidemiology, and therapy of COVID-19 patients. In addition, we 
discuss the current challenges being faced in the COVID-19 era in a 
developing nation like India. This review may help both researchers 
and clinicians in their understanding of the biology of the novel 
coronavirus SAR-CoV-2 as well as in their strive for better therapeutic 
designs for COVID-19 patients.
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