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1 Introduction

According to the study, a rare and unexplained case of pneumonia was reported
in Wuhan, China, at the end of December 2019. Wuhan is a Chinese city in the
Hubei Province. At first, the symptoms of this illness seemed to be somewhat
similar to those of pneumonia. However, experts from the “Chinese Center for
Disease Control and Prevention (China CDC)” said that this is a new kind of
virus-infected disease. The report was focused on the examination of a number of
respiratory samples (throat swab samples). It is caused by a novel coronavirus that
resembles the native SARS-CoV and MERS-CoV families [3]. The illness was later
dubbed COVID-19 by theWorld Health Organization (WHO) (coronavirus disease).
According to a WHO survey, the pandemic affected 205 countries until April 2,
2020, with 900,306 reported cases and 45,692 deaths [4]. COVID-19 has turned into
a global threat to mankind. According to the study, the coronavirus spreads among
humans through a variety of routes, including direct contact or inhalation of infected
droplets and contact with polluted hands/places/objects/surfaces [3]. However, in
some circumstances, the presence of gastrointestinal symptoms or a live infectious
virus in the feces may be another way for infections to spread in humans through
fecal–oral transmission [5]. The droplets are divided into two groups depending on
their size. Respiratory droplets are described as droplets that are larger than 5–10 m
in diameter. When the scale is less than 5 m, it is referred to as a droplet nucleus
[6]. According to current studies, respiratory droplets are largely responsible for
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coronavirus transmission in humans [7–9]. SARS-CoV-2, SARS-CoV, and MERS-
CoV all belong to the Orthocoronavirinae, according to phylogenetic analysis. They
are also members of the Coronaviridae family [10]. SARS-CoV and MERS-CoV,
on the other hand, are not the same as SARS-CoV-2 [11, 12].

The four genera of Orthocoronavirinae subfamily indulged in affecting living
objects, for example, mammals are infected through αCoV and βCoV while δCoV
and γ-CoV are the main causes of infection in birds. Recently, two outbreaks were
found by CoV in humans. This was the case of viral pneumonia caused by SARS
and MERS. The first case of SARS-CoV in China was reported in the year 2002, a
new kind of CoV, which spread worldwide very quickly. The mortality rate of this
outbreak was 11% [13, 14]. This outbreak fetched the attention of researchers on
evolution, replication, transmission, severity, biological structure, and development
manner of the disease (i.e., microbial infection, inflammation, malignancy, and
tissue breakdown) of CoV. After a few years, another virus-related severe respiratory
disease outbreak was reported in the Middle East, in 2012 [15]. The starting point
of this outbreak was Saudi Arabia and after that spread to other countries, with
37% fatality rate [16]. As this virus was emerged in the Middle East, it was named
MERS-CoV. In both the epidemic cases of virus infection, one thing was very clear
that they likely came from bats and reached to humans through any intermediate
carrier [17]. In a research, it was found that the camel and the civet, respectively,
were used as carriers for MERS-CoV and SARS-CoV [18, 19]. Like SARS-CoV
andMERS-CoV, the newly introduced SARS-CoV-2 is also related to βCoV lineage.

This paper presents the systematic report on origin of disease, epidemiology,
genome structure and life cycle, clinical features, diagnosis, isolation, treatment,
prevention, societal and economical impact, and global response.

1.1 Classification of Coronavirus (CoVs)

Coronaviridae has a subfamily called Orthocoronavirinae. Coronaviruses (CoVs)
are classified as Orthocoronavirinae. Coronaviruses (CoVs) are divided into four
classes. Coronaviridae, Arteriviridae, Mesoniviridae, and Roniviridae are the four
families. They are members of the Nidovirales order. As seen in Fig. 1, the
Orthocoronavirinae subfamily contains four genera: alphacoronavirus (CoV), beta-
coronavirus (CoV), deltacoronavirus (CoV), and gammacoronavirus (-CoV). Coro-
naviridae viruses are single-stranded, enveloped, and very large ribonucleic acid
(RNA) viruses with a positive single-stranded, enveloped genome. In contrast to
other recognized RNA viruses [10], the genome size of Coronaviridae family viruses
is very high which ranges from 25,000 to 32,000 base pairs. The diameter of a
virion will range from 118 to 136 nm. Coronavirinae and Torovirinae are the two
subfamilies of the Coronaviridae family [19].
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Fig. 1 Classification of coronavirus

1.2 Genomic Organization and Structure of Coronavirus
(SARS-CoV-2)

The SARS-CoV-2 contains large, non-segmented, positive single-stranded RNA
genome of 30 kb in size. The RNA genome contains a 3′ polyadenylated (A) tail
with the 5′ capped structure to translate (encode) replicase polyproteins (large and
nonstructural proteins), and for this translation, RNA genome acts as an mRNA.
In the whole translation process, discontinuous transcription process is used to
synthesize the mRNA [20, 21]. To continue the transcription and replication of
RNA, it requires multiple stem-loop structures. These structures are contained
by untranslated region (UTR) of the 5′ end of genome. Also the transcriptional
regulatory sequences (TRSs) are required for the expression of every genes of the
structural gene. Additionally, viral RNA imitation and synthesis are executed by
RNA structures of 3′ end UTR.

The RNA genome contains open reading frame (ORF), 1a/1b, which further
generates five accessory proteins (i.e., ORF9, ORF8, ORF7, ORF6, and ORF3a),
four structural proteins (nucleocapsid protein, envelope protein, membrane protein,
and spike glycoprotein) (Fig. 2), and 15/16 nonstructural proteins (majority of them
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Fig. 2 SARS-CoV-2
structure with four structural
proteins. Here the full name
of the mnemonics is as
follows: N (nucleocapsid
protein), E (envelope protein),
M (membrane protein), and S
(spike glycoprotein)

are involved in the synthesis of viral RNA) [22, 23]. These proteins support in
spreading infection of SARS-CoV-2.

In a recent research, it was found that the coronavirus is spherically shaped and
virions are of approximately 125 nm in diameter [24, 25]. Another report says
that the diameter of virions varies between 118 and 140 nm [19]. The genome
size of this virus lies between 26.4 and 31.7 kb, which is the largest size among
all known genomes of RNA viruses [26]. The distinct feature of the coronavirus
is its club-shaped spike projections, which originated or emitted from the virion
surface. A virion envelop contains nucleocapsids, which come under the category
of structural proteins. Presence of the nucleocapsids is very common in all known
negatively sensed RNA viruses, but this is very uncommon in positively sensed RNA
viruses. Among four structural proteins of coronavirus, spike glycoprotein (S) plays
a significant role to host cells in the attachment to itself, and further host proteases
(protease like furin) are used to cleave S into two distinct polypeptides, that is, S1
and S2 [27, 28]. For gating access to endoplasmic reticulum (ER), the S protein
uses signal sequences of N-terminal. Homotrimers of the S (virus-encoded) protein
makes a special spike shape on virus surface [29, 30]. The binding of host receptor
and S1 can unstable the prefusion trimer. As a result, highly stable postfusion
conformation is formed due to S1 shedding and S2 transition [31]. S1’s receptor
binding domain goes through conformational movements to engage a host receptor
to cover (down conformation) or uncover (up conformation) the determinants of
receptor binding transiently [32]. In this context, receptor’s inaccessible state can be
represented by down conformation, while the up conformation represents receptor’s
accessible state.
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The coronavirus virion contains a very small quantity of envelope protein (E) and
protein E follows a common architecture but it is very much divergent in nature [33].
This protein has ion channel activity as well as it contains C-terminal endo-domain
and N-terminal ecto-domain. E protein plays the significant role in the facilitation
of virus assembly and release. The role of E protein is necessary for pathogenesis
[34].

Virion of coronavirus has rich storage of membrane protein (M). M protein is
small in size and contains three transmembrane domains to give the shape of the
virion [33]. The M protein has the ability to extend between 6 and 8 nm due to the
presence of C-terminal endo-domain (small in size) and N-terminal glycosylated
ecto-domain (very large in size). In a recent study, it has been found that two distinct
conformations may be adopted by M protein to allow it to bind the nucleocapsid and
also to boost the membrane curvature [35].

The nucleocapsid protein (N) of coronavirus is a kind of multifunctional protein
that plays a vital role in enhancing the effectiveness of assembly and transcription
of virus. During the assembly of virion, N protein establishes interaction with the
viral M protein. The N protein has two distinct domains, that is, N-terminal domain
(NTD) and C-terminal domain (CTD). Both domains are separated by RNA-binding
domain. Both domains are separately attached with viral RNA. The optimality of
RNA binding depends on the same effort from both domains [36].

Transcriptional regulatory sequence (TRS) and genome packaging signal are the
two RNA substrates related to N protein [37, 38]. To bind the RNA-binding domain
of C-terminal, genomic packaging signal is used [39].

Hence, detailed understanding of the proteins and genomic structure of coron-
avirus will help to design and develop vaccines and monoclonal antibody drugs.

2 Manifestations and Epidemiology of SARS-CoV-2

2.1 Origin of SARS-CoV-2

The source of origin plays a significant role in understanding any disease. In the case
of COVID-19, primarily the researchers found that a large number of people were
infected from the market of live animals (Huanan seafood market) in Wuhan city of
China. Initially, the infected people were either shop employees, owner of the shop,
or customers to this market. After this incident, the market was closed on January
1, 2020. On the basis of the efforts taken to understand the cause of the spreading
of coronavirus, it was found that this virus was transmitted through intermediate
carriers in humans. In the primary report of researchers, environmental samples
taken from the seafood market depicted the positive evidence of viral RNA, and
on that basis, it was recognized that Asian palm civet might be the intermediate host
of coronavirus [40]. After several investigations, still there has been doubt about the
potential host of the SARS-CoV-2 [41]. Recently, on the basis of several studies, it
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Fig. 3 Illustration of the coronavirus’s origin and dissemination into humans through various
mediums. The most common way for an infection to spread from an animal to a human is by
eating the animal’s meat (primary host) or near contact with an intermediate host. The infection
is then transmitted from one sick person to another healthy person. The virus is then spread to the
general population through human-to-human contact [44]

has been identified that the bats might be the potential host of this virus [11, 12, 42].
Based on the clinical research, it was found that the genetic sequence of coronavirus
has more than 95% similarity with the bat coronavirus and more than 70% similarity
with SARS-CoV [42, 43]. Figure 3 shows the origin of coronavirus and its spread
to humans through potential mediums.

A report published in “The Lancet” says that the origin of the coronavirus is the
wildlife. Some studies say that the virus had been brought by an infected human
in the seafood market and then it spread out in the market environment [45]. Some
reports say that there was a conspiracy behind the origin of this deadly virus. In this
conspiracy, the role of the Wuhan Institute of Virology has been found suspicious.
There is a rumor that this institute is involved in developing human-generated bio-
weapon. In another investigation, the virologists stated that this virus is new and has
originated from the environment. However, after many investigations, still there is a
question about what is the primary source of virus amplification in humans. In this
context, more investigations are required to understand the real source of spreading
of the virus in humans.

2.2 Symptoms of SARS-CoV-2

Symptoms of COVID-19 infection can take anywhere from 1 to 14 days to appear.
Dry cough, respiratory signs (like the flu), acute fever, tiredness, and headache are
all typical COVID-19 symptoms [3, 46–48]. The disease can manifest itself in a
variety of ways, from negative to positive. Good signs indicate the presence of
a disease outbreak in this case. A new research looked at 41 patients who were
diagnosed with COVID-19 at the outset. Cough, fever, and nausea were the most
frequent symptoms in the majority of the patients. Although there was trouble
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in breathing, headache, hemoptysis, dyspnea, diarrhea, and lymphopenia were all
serious and even fatal symptoms in some instances [3]. During a chest CT scan,
it was discovered that both the patients had pneumonia. Acute respiratory distress
syndrome was seen in almost 29% of the cases, acute heart attack in 12% of the
cases, and other infections in 10% of the cases [3].

In another clinical report, patients were found to have unusual symptoms such
as acute cardiac injury and respiratory distress syndrome [3]. Gastrointestinal
symptoms (i.e., vomiting and diarrhea, and nausea) were observed in the patients
during the illness [3, 49, 50]. The first case of the USAwas confirmed for respiratory
illness followed by vomiting and diarrhea, nausea, and abdominal pain [49].

2.3 Incubation Period of SARS-CoV-2

The time between the symptom onset and getting exposure to the virus is known
as the incubation period for SARS-CoV-2. Average time of the incubation period
is 5–6 days; however, this period can extend up to 14 days and known as the
presymptomatic period. Contagiousness can be spread out by a few of the infected
persons. In the earlier studies, the estimated mean incubation period of COVID-19
was 3–7 days within 2–14 days, which shows that this virus had a long transmission
period [51, 52]. The transmission period of CoVs was found a little bit different
from its counterpart viruses like mean incubation period for SARS-CoVs, it was
5 days within 2–14 days [53], and for MERS-CoVs, it was 5–7 days within 2–
14 days [54]. In a recent clinical report on 138 cases, the median incubation period
from the initial symptoms to acute respiratory disorder and finally hospitalization
was 5 days within the range of 1–10 days, 7 days within the range of 4–8 days, and
8 days within the range of 6–12 days, respectively [55]. In another confirmed case
of 425 patients the mean incubation period was 5.2 days (range 4.0–7.0 days) for
some patients and for others it was 7.5 days (range 5.0–19 days). The confidence
interval (CI) was observed to be 95% for all 425 patients [9]. While the mean
incubation period estimated over 1099 patients was 3.0 days, range within 0–24
[56]. In another report, the mean incubation period of the infection was 4.6 days
within 3.8–5.8 days with 95% CI and the beginning of 95% disease occurred within
10 days [57, 58]. In comparison to SARS-CoVs and MERS-CoVs, the fatality rate
of COVID-19 is less due to the lower incubation period which was estimated to
be 3.0 days [55]. Days between 2 and 8 has been estimated as a mean time from
primary symptom to admission in hospital [59]. The time duration from the initial
symptoms of COVID-19 to death ranged between 6 and 41 days, and the median
of the incubation period was 14 days [47]. Age and immune system of the patient
decide this period. In critical cases of COVID-19, this can take 3–6 weeks to recover
or die out from the disease. Generally, the period is smaller for the patient, whose
age is less than 70 years as compared to patients with age greater than 70 years [47].
In symptomatic transmission, the repeated biological samples based on virologic
and clinical activities observed that the expulsion and release of CoVs are highest
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in the upper respiratory tract in the initial phase of the infection of confirmed cases
[60–63], which happened in the first 3 days from the starting of the symptoms [62,
63].

2.4 Transmission of SARS-CoV-2

As per the current studies on the pathophysiological properties of SARS-CoV-2,
it had been found that the spreading mechanism of this virus is very uncertain.
This study was based on the human-to-human transmission of coronavirus through
respiratory droplets [64]. The size of the respiratory droplets lies between 5 and 15
μm, and they remain to sustain in the air for several minutes before dropping on the
floor. However, the droplet particles whose size is less than 5 μm remain to sustain
in the air up to hours due to their small size and less weight. During this time, if any
person comes in the close contact with the infected droplets, then he/she becomes
infected.

In the case of symptomatic symptoms, the contagiousness of the viruses related
to respiratory infection becomes very high. In symptomatic transmission, a person
transmits the infection to another person, while he/she is experiencing the symptoms
of coronavirus. The virologic and epidemiologic studies say that the symptomatic
transmission occurred through direct contact with the infected patients, or close
contact with surfaces and objects contaminated by the virus, or the close contact
with respiratory droplets [7–9]. In asymptomatic transmission, the virus transmis-
sion from the infected person to another healthy person occurs in such a way
that it does not develop any symptom of COVID-19. In some laboratory reports,
some asymptomatic cases have been confirmed. However, there has not been any
confirmed case of asymptomatic transmission found [65].

Generally, the symptomatic patient is more infectious due to the presence of
respiratory viruses. However, the evidence of virus transmission is increasing during
human-to-human interaction in the incubation period of asymptomatic transmission
of COVID-19, and the probability estimation of this period has been between 2 and
10 days [64].

A lot of analysis has been done to understand the source of transmission of
SARS-CoV-2 in humans. In spite of respiratory droplets, close contact is also a big
source of transmission of SARS-CoV-2. Typically, three organs of human body like
mouth, nose, and eyes are responsible for virus outbreak and transmission. Another
possibility of infection by aerosol transmission to the people through airborne
particles of sneezing, coughing, talking, and breathing, those remain active in the
air for a long time. The aerosol has two distinct sizes. The first size varies between
0.25 and 1 μm and the second size is bigger than 2.5 μm. In recent studies on
SARS-CoV-2, aerosol remains active in the air for up to 3 hours, which is very
much similar to SARS-CoV and MERS-CoV [66].
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3 Diagnostic for SARS-CoV-2

The seventh coronavirus, SARS-CoV-2, can infect humans (HCoV). Its infections
can be asymptomatic or severe which in case of early diagnosis can aid clinical
management and hence control the outbreaks. The diagnostic detects the virus itself
or detects the response of the immune system to the infection, that is, antibodies,
biomarkers, etc. In Table 1, symptoms of different viral disease are compared.
Table 2 mentions the systematic disorders and respiratory disorders caused by
COVID-19 infections.

3.1 SARS-CoV-2 RNA Detection

It is based on detecting the unique viral sequences using nucleic acid amplifica-
tion tests (NAATs), like real-time reverse-transcription polymerase chain reaction
abbreviated as rRT-PCR.

Once someone is infected by the virus, it takes some time known as incubation
period to develop symptoms (about a week), with a range of 1 and 14 days after
exposure and can be detected 1–3 days before the symptom onset in the upper
respiratory tract (URT) [9, 51]. In URT, the concentration of the virus is highest
at the time of symptom onset and it declines thereafter. The presence of viral RNA

Table 1 Comparison of symptoms in different diseases

S.N Diseases Symptoms

1 COVID-19 (Coronavirus disese-19) Respiratory system failure, severe
breathlessness, fever, muscle ache,
headache

2 Mild COVID-19 Cough, sore throat, fever
3 SARS (Severe acute respiratory syndrome) Dyspnea, cough, fever, headache,

diarrhea, malaise, chill
4 MERS (Middle East respiratory syndrome) Dyspnea, sore throat, dry cough, fever,

rigor, chill
5 Influenza Runny nose, stuffy nose, dry cough, sore

throat, high fever, malaise, muscle ache
6 Cold Sneeze, runny nose, stuffy nose

Table 2 Systemic and respiratory disorders in COVID-19

Systemic disorders Respiratory disorders

Fever, cough, fatigue, sputum production,
headache

Rhinorrhea, sneezing, sore throat

Hemoptysis Pneumonia
Acute cardiac injury Ground-glass opacities
Hypoxemia, dyspnea, lymphopenia, diarrhea RNAaemia, acute respiratory distress syndrome
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is increased during the second week of the illness in the lower respiratory tract
(LRT) [67]. In some patients, it is detectable for many days, while in others for
several weeks or months but a prolonged presence does not signify a prolonged
infectiousness.

Respiratory secretions vary in composition, and sampling adequacy may also
vary, resulting in false-negative PCR results. Viral RNA is detected in LRT
secretions for the patient who is suspected of SARS-CoV-2 infection and the URT
swab is negative. Rectal swabs or feces were positive for SARS-CoV-2 RNA in
some of the patients, and some studies suggest that the positivity is prolonged in
comparison to that of respiratory specimens. In some cases, SARS-CoV-2 RNA is
detected in blood samples, and some studies show that it depends on the severity
of the disease, but more studies on this are needed. In oral fluid specimens, that is,
induced saliva, the detection rates vary widely when compared with URT specimens
of that very same patient, and as of now very limited data is available on detection
adequacy of the virus in mouth washes [68]. SARS-CoV-2 was detected in ocular
fluids, urine, and semen samples of some of the patients, while positive RNA
detection for cerebrospinal fluid and brain tissue has also been reported.

To conclude, SARS-CoV-2 can be detected in respiratory material and at the
same time in other body fluids and compartments, but the respiratory samples are
taken for diagnostics as the virus is most frequently detected in respiratory material.

Rapid collections of the specimens as well as accurate diagnosis are required to
support clinical management of the patients and infection controlling measures to be
taken. The trained and competent operators should collect and perform laboratory
diagnosis because of the complexity of sampling, analysis done in laboratory, and
interpretation of the final results. Those infected with SARS-CoV-2 may or may not
develop symptoms, and the most robust evidence of infection may be detected from
the fragments of the virus, nucleic acids, and proteins through virological testing.
Reports show the cases of infection of COVID-19 with other pathogens either, so if
other pathogens test positive, it does not rule out SARS-CoV-2 infection and vice
versa.

3.2 Adequate Specimen Collection

While specimen collection, testing, storage, and research, adequate standard oper-
ating procedures (SOP) should be there and staff must be trained for all this.
Testing combined nasopharyngeal and oropharyngeal swabs has been shown to
enhance sensitivity in detection of viruses and the reliability of the result has
improved. Swabs from two individuals can be combined, and nasopharyngeal and
oropharyngeal swabs may be taken, but some studies show that nasopharyngeal
swabs provide results more reliable as compared to oropharyngeal swabs. In mild
or asymptomatic cases, the upper respiratory specimens are suitable for the test
only in the early-stage of infections. Lower respiratory specimens are collected
from patients having a negative URT sampling or if sample collection is delayed.
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Because of high risk of aerosolization, caution should be exercised and strictly
abiding by IPC procedures is required during collection of the samples. Other
oral or respiratory fluids sampling procedures must first clear validation test in the
laboratory before implementation for the targeted groups of the patients.

3.3 Simplified Specimen Collection

Some studies on combined oropharyngeal and nares/nasal swab, midturbinate or
lower nasal or nares swabs or tongue swab by a trained staff or by self-sampling
show that these approaches perform well, but their sample sizes are limited [69,
70]. Further assessment as well as validation is required before implementation of
these alternatives and to determine for what purpose these collection methods can
serve as alternatives. In case of elderly people and young child, oral fluids can be
a suitable specimen in schools or nursing homes for mass screening as collecting
nasopharyngeal and oropharyngeal swabs are problematic as compared with URT
specimens [71, 72].

Oral fluid collection methods have a wide range of the performances compared
with naso- and/or oropharyngeal sample collection; they also show variations
from posterior oropharyngeal fluids/saliva that may be collected by spitting or
drooling, with pipet or special sponges, and gargling with saline solutions is another
alternative.

3.4 Serum Specimens

A person in whom COVID-19 infection is strongly suspected but obtained NAAT
results are negative, a paired serum specimen can be collected. First specimen may
be collected in the acute phase and the other one in the convalescent phase which
can be used to test for seroconversion or an increase in antibody titers.

3.5 Fecal Specimens

While testing feces make sure that for this type of sample, the extraction method
and NAAT have been validated. If URT and LRT both are tested negative but
clinical suspicion on COVID-19 infection is there, NAAT can be considered for
fecal specimens [73].
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3.6 Postmortem Specimens

The postmortem swab like needle biopsy or specimens from tissues of the dead body
from the autopsy may be taken which also includes lung tissues for pathological and
microbiological tests [74].

After collection, the specimens must reach the laboratory quickly and a correct
specimen handling in the laboratory and during transportation is very essential.

4 Testing of COVID-19 (SARS-CoV-2)

4.1 Nucleic Acid Amplification Test (NAAT)

NAAT such as rRT-PCR should be used to test suspected COVID-19 infections and
SARS-CoV-2 genome should be targeted by such tests. Optimal diagnostics has a
NAAT assay and minimum of two independent targets on SARS-CoV-2 genome, but
a simple algorithm may be adopted in widespread transmission areas. While using
one-target assay, a strategy should be in place so as to monitor the mutations which
may affect the overall performance. Some of the NAAT systems are having the
capacity for fully automated tests by which sample processing, the capacity for RNA
extraction, amplification, and reporting is integrated. These systems provide access
of tests in areas having limited laboratory capacity with rapid turnaround time.
The amplification/detection methods, like isothermal nucleic acid amplification
technologies, clustered regularly interspaced short palindromic repeats (CRISPR),
and molecular microarray assays are going to be commercialized [75–77].

Some negative test results do not actually rule out infection because there are
factors that can lead to a negative result even if the person is infected [78, 79]. Such
factors are:

• The specimen of poor quality
• The specimen was collected from a body compartment which was not containing

SARS-CoV-2 at that time
• Handling or shipping of the specimen was not appropriately done, etc.

Figure 4 is a pictorial representation of diagnostic flow of SARS-CoV-2 infection
detection.

4.2 NAAT by Pooling Specimens

Diagnostic capacity can be increased by pooling of samples from different patients
to detect SARS-CoV-2 if the testing rate is not meeting the demands [80–82].
Specimen pooling may be considered in population groups having very low



Diagnosis for COVID-19 101

Fig. 4 Diagnostic flow of SARS-CoV-2 infection detection

prevalence of COVID-19 infection. Adequate automation is the key to reliable
pooling (software-based algorithms, robotic systems, and laboratory middle-ware
which works with sample pooling).

Strategies for pooling the specimens [83, 84] are:

• The individual specimens are treated to be negative if the result of the pool is
negative.

• Strategies may be different in case of positive pool tests but every specimen must
be tested (pool deconvolution) generally to find out positive specimen(s).

• In matrix pooling, pool is made per row and per column and finally tested using
PCR.

4.3 Testing Antibodies

In a response to the infection, the human body produces antibodies which are
detected by serological assays. SARS-CoV-2 is a novel pathogen and the under-
standing of the antibody response is in emerging phase, hence the antibody detection
tests should not be used to detect acute infections [85, 86]. Lateral flow antibody
detection assays are not suitable for diagnosis because they cannot detect the
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increase in antibody titers, while (semi)quantitative or quantitative assays can.
Antibodies can be detected in the first week of illness in some of the patients
while in others with subclinical/mild infection; it can take weeks to develop. The
duration of the antibodies generated is still under study, hence serology is not an
alternate for virological assays and the presence of antibodies does not ensure that
they offer protective immunity. The target viral protein and timing of the testing
affect performance of serologic assays in various testing groups (mild disease vs
moderate-to-severe disease or young patient vs old patient) [87, 88].

4.4 Antigen Detection (Rapid Diagnostic Tests—RDTs)

The presence of SARS-CoV-2 is tested in viral proteins (antigens) collected from
respiratory specimens for rapid (within 30 minutes) diagnostic tests. False-positive
(showing a person is infected when actually he is not) results may be obtained
if the antibodies also recognize antigens of other human coronaviruses which are
non-SARS-CoV-2 viruses. Pairing of NAAT and antigen test validations are being
encouraged in clinical studies. High viral loads improve antigen test performance,
but antigen RDTs can be implemented in diagnostic algorithms only if the test
performance is acceptable.

5 Treatments for SARS-CoV-2

Most of the COVID-19 patients are able to recover at home but at the same time
scientists are leaving no stone unturned to develop an effective treatment. Therapies
that are being investigated include the drugs that are used to treat autoimmune
diseases, antibodies of recovered patients from COVID-19, and additional antiviral
drugs.

5.1 Monoclonal Antibodies

FDA (Food and Drug Administration) granted emergency use authorization (EUA)
for treatment named as Bamlanivimab which is a monoclonal antibody [89]. It is
approved to treat non-hospitalized, recently tested positive for COVID-19 children
and adults having mild-to-moderate symptoms but are at risk of severe COVID-19
disease. Within 10 days of symptom development, the patient should be given a
single dose of the treatment.
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5.2 Chloroquine and Hydroxychloroquine

Chloroquine has been reported as a broad-spectrum antiviral drug which is a com-
monly used autoimmune disease drug and anti-malarial drug. Chloroquine controls
virus infection by interfering in the glycosylation of cellular receptors related to
SARS-CoV and increases endosomal pH needed for virus fusion. Chloroquine was
recommended for the prevention as well as treatment of COVID-19 pneumonia [90].
Hydroxychloroquine, an analog of chloroquine, has lesser concerns related to drug–
drug interactions and has been found to be more effective than chloroquine for Vero
cells infected by SARS-CoV-2. Both chloroquine and hydroxychloroquine have
immunomodulatory effects and are capable of suppressing the immune response.

5.3 Plasma Transfusion

For SARS treatment, convalescent plasma was administered very early after
symptom onset, and the pooled odd of mortality treatment was reduced compared
with no therapy. For COVID-19 treatment, the National Health Commission of
China appealed convalescent patients for donating blood [42]. Plasma should be
collected within 2 weeks after recovery from COVID-19 which will ensure high
neutralization; this complexity of obtaining plasma limits its clinical application.

5.4 Corticosteroids

Though corticosteroids were not recommended for viral pneumonia or acute
respiratory distress syndrome (ARDS) but in case of severe CARDS such drugs
are generally used.

Recently, a large-size RCT (the RECOVERY trial) shows that dexamethasone
decreased the death rates by one-third in critical COVID-19 patients [91].

5.5 Vaccines

Vaccines deliver immunogen (specific type of antigen) to train immune system
to recognize the pathogens like bacteria or viruses which reduces the risk of
infections. Injections in muscles or under skin and oral route are different methods
of administering vaccines. More than one dose of vaccine is given to build complete
immunity, as a “booster” in case of immunity wears off and against the disease that
is a seasonal disease like the yearly flue. Table 3 shows the technologies used for
viral vaccines with their advantages and disadvantages.
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Table 3 Technologies used for viral vaccines

S.N
Immunogen and
working

Advantages and
disadvantages Vaccine examples

1 Protein subunit: A protein
which is derived from a
pathogen

Lesser side effects than whole
virus. It is a complex process and
poorly immunogenic too.

Influenza

2 Whole inactivated virus:
Inactivated dead virus

Strong antibody response is
induced. A large quantity of virus
is needed.

Hepatitis A, Rabies
and Influenza

3 Attenuated live virus: Live
virus, doesn’t cause disease
[92]

Same response as natural infection
is induced. Not suitable for
immunocompromised person and
pregnant women.

Rubella, Mumps,
Measles, Smallpox,
and Yellow fever

4 Nucleic acid: DNA or RNA
coding for a viral protein

Rapid development and very
strong cellular immunity. Low
antibody responses.

COVID-19 vaccines

5 Replicating or
non-replicating viral vector:
Viral pathogen expressed
on a safe virus, doesn’t
cause disease [93].

Rapid development.
Immunogenicity may be reduced
due to prior exposure to vector
virus (e.g. Adenovirus).

Ebola

6 Recombinant: An antigen is
expressed using host cell
[94]

There is not any need to produce
the whole virus. High cost and
poorly immunogenic.

Hepatitis B

7 Peptides: Synthetic
produced fragment of an
antigen

Rapid development. Poorly
immunogenic in spite of a very
high cost.

COVID-19 vaccines

6 Vaccine Development

Infectious diseases are prevented by vaccines. Some of the diseases that are vaccine
preventable are polio, measles, Hepatitis B, influenza, and many more. The ability
of the pathogen to spread can be limited by “herd” or “indirect” or “population”
immunity developed when most of the people are vaccinated against a disease.
When many people have immunity, the people who cannot be vaccinated or have
low immunity like young babies are protected by infectious disease. Peptide and
nucleic acid like new technologies for human vaccines are being used along with the
conventional and well-known technologies to develop the vaccines [91–93]. Table 4
shows the mechanism of actions for different types of vaccines, while Table 5
represents the steps taken in effective and safe vaccine development.

As of 2 October 2020, out of 42 candidate vaccines of COVID-19 which
are in clinical evaluation, 10 are in Phase-III trials. In preclinical evaluation,
151 candidate vaccines are there [93]. Most of the candidate vaccines are for
intramuscular injection and designed for a two-dose schedule. The WHO has
launched a coordinated international Phase-III trial of candidate vaccines for speedy
evaluation and to ensure that the vaccines are tested in different populations. Table 6



Diagnosis for COVID-19 105

Table 4 Mechanism of actions for different types of vaccines

S.N Type of vaccine Mechanism of actions

1 Protein-based vaccines A protein is extracted from alive or inactivated virus, purified,
and then injected as a vaccine.
In case of corona virus, it is spike protein which is most
commonly used.

2 Viral vector vaccines The gene for a pathogen needs to be inserted into a virus which
can infect a person without causing any disease. The safe virus
is a vector or a platform to deliver a protein which triggers an
immune response. Then the safe virus is injected as a vaccine.

3 Virus vaccines The virus is selected, weakened, or even completely in
activated so that it becomes in capable to cause a disease.

4 Nucleic acid vaccines The nucleic acid coding for the antigen is injected. It is a
completely new technology and have never been used for
human vaccine.

Table 5 Steps taken in vaccine (effective and safe) development

S.N Action/step taken Description

1 Preclinical studies In animal studies, the vaccine is tested for
efficacy and safety.

2 Phase-I clinical trial Healthy adult volunteers in small groups receive
the vaccine for testing the safety.

3 Phase-II clinical trial The vaccine is given to people having similar
characteristics to the people whom this new
vaccine is actually intended for.

4 Phase-III clinical trial The efficacy and safety is tested by giving the
vaccine to thousands of people.

5 Phase-IV post marketing surveillance Studies to monitor the adverse events and
long-term effects in the population only after the
vaccine is approved and licensed.

6 Human challenge studies A vaccine is given followed by the pathogen
against which the vaccine is designed to protect.
These trials are not very common in people
because of the ethical challenges posed.

is a list of the COVID-19 vaccines, which are in Phase-III clinical trial, along with
the locations of their trials.

As of 4 October 2020, the USA, India, Brazil, Russian Federation, and Colombia
are five countries which have highest number of COVID-19 cases. The countries
having highest number of deaths are the USA, Brazil, India, Mexico, and the United
Kingdom [93].
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Table 6 COVID-19 vaccines in Phase-III trial

S.N Vaccines and platform Location

1 University of Oxford/AstraZeneca (Viral
vector)

USA

2 CanSino Biological Inc./Beijing Institute of
Biotechnology (Viral vector)

Pakistan

3 Gamaleya Research Institute (Viral vector) Russia
4 Janssen Pharmaceutical Companies (Viral

vector)
USA, Peru, Mexico, Philippines,
Colombia, South Africa, Brazil

5 Sinovac (Inactivated virus) Brazil
6 Wuhan Institute of Biological

Products/Sinopharm (Inactivated virus)
UAE

7 Beijing Institute of Biological
Products/Sinopharm (Inactivated virus)

China

8 BioNTech/Fosun Pharma/Pfizer (RNA) Brazil, USA, Argentina
9 Moderna/NIAID (RNA) USA
10 Novavax (Protein subunit) UK

7 Conclusions

In spite of day and night efforts done by researchers, doctors, and other medical
staff, everything about this disease is uncertain, be it the symptoms, the outcomes of
the tests, or the success rate of the under trial vaccines. The shortage of resources and
facilities as compared to the patients are the main reasons behind the surrender of
medical infrastructure of a country. So a collaborative international effort is required
to face the COVID-19 pandemic and establish pathways to manage this crisis. To
face a pandemic like COVID-19, none of us was prepared so the patients, their
relatives, and finally the community must be provided authentic and understandable
information to face this devil. This paper presents state-of-the-art research work
going on SARS-CoV-2 virus from its origin, its mutations, and diagnosis to clinical
trials on vaccine developments.
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