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Preface

This milestone book, Biotechnology to Combat COVID-19, includes contributions
by authors from the United States, India, France, Azerbaijan, Russia, Chile, Peru,
Turkey, Saudi Arabia, Egypt, Brazil, South Africa, Zambia, New Zealand, Tunisia
and Mexico. We thank all contributors for making this book a comprehensive

and inclusive platform on COVID-19 that covers almost all topics related to the
pandemic and mitigation strategies to combat the disease.

With respect to discussions on the biology and science of SARS-CoV-2, this book
has plenty to offer. For example, it includes topics ranging from transmission, epi-
demiology, genomic structures, and sequencing of the virus to diagnostics, antiviral
drugs, repurposing of drugs, vaccines, and co-morbidity, just to name a few. This
book also presents authoritative descriptions of the effects of COVID-induced
lockdowns and public health measures on the meteorological and climatic aspects in
big, industrialized cities in countries with high population density, such as India. It
also discusses the societal impact of COVID-related government and public health
measures. In addition, the book assesses the roles of media and governments in
handling the pandemic.

This book is for a diverse and wide audience, including virologists, epidemiologists,
biologists, pharmacists, biomaterial scientists and engineers, medical professionals,
clinicians, therapists, public health and government professionals, and all global
citizens who have endured and battled against the pandemic.

Dr. Megha Agrawal, PhD and Dr. Shyamasri Biswas, PhD
Biotechnology Kiosk,
Gainesville, Florida, USA
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Chapter1

Epidemiology, Pathogenesis, and
Healing Strategies of COVID-19

Basanta Bhowmik

Abstract

In the present chapter, some notable features (epidemiology, pathogenesis, and
clinical characteristics) regarding recent outbreak COVID-19 have been reviewed.
Most significant features related to COVID-19 such as (i) roots of infection and
disease manifestation, (ii) shape and structure of viral S-protein, (iii) genome
sequence study and replication in host cell, (iv) role of environmental factors,

(v) diagnosis tools and (vi) role of biosensor have been critically investigated.
The biological and behavioral risk factors for pregnant women before and after
child birth have been dictated clearly. Pulmonary abnormalities due to COVID-19
of the patient having diabetes, cancer etc. history have been clarified with help

of CT imaging. Finally, prevention and cure strategies adopted by many health
professionals based on the existing drugs are mentioned with their side effects.

Keywords: COVID-19, transmission, genome, prevention, cure strategies

1. Introduction

Emergence of COVID-19 threatens human health and economy around the
globe. Possibly, world populations have ever faces such crisis and will remain the
witness of such incident. Each new day experiences number of new cases with
increasing death toll since its first identification. However, suggested name of
corona virus comes from Latin word corona, signifies crown or halo. Electron
microscopy of corona virus reveals encapsulation of crown like fringe at outer
surface [1]. Novel Corona virus known as different name such as COVID-19,
HCoV-19 was outbreak in Wuhan, Capital of Hubei province, China in month of
December-2019 and later become pandemic by quick spreading into the major
countries in the globe [2, 3]. Outbreak has very high risk with potentiality of human
to human transmission. Experts around the globe suggest that, the average incuba-
tion period of COVID-19 is ~5 days with a range of 2-14 days [2]. Symptom includes
high fever, dry cough to severe respiratory acute disease and death (in some cases)
[2]. Average fatality rate reported to be ~1-2% [1, 2]. Scientific community and
researchers are at the midst of COVID-19 pandemic and have struggling to find
out how much similarity with SARS-CoV. The study reveals that, COVID-19 is
similar like SARS corona virus which is believed to be originated from either bats or
civet cats or raccoon dogs [2, 3]. However, due to lack of evidence many scientific
communities ruled out such report. As per WHO officials, COVID-19 is ten times
more infectious than the 2009 pandemic HIN1 influenza virus. There is no effective
drug or vaccine against the corona virus or similar infectious agents so far and it is
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still unknown how many more month require to develop. However, one needs to
understand the priority and treatment protocol based on the severity of the disease.

2. Transmission and cellular mechanism of COVID-19

COVID-19 is the seventh coronavirus which infect humans like earlier reported
coronavirus SARS-CoV, MERSCoV, HKU1, NL63, OC43 and 229E. [4]. For an
enveloped virus, primary mode of transmission is close contact with the infected
individual. Transmission is appeared to be silently enter into the host body and
no immediate onset symptoms have been evident. Therefore, before infected host
tested positive, he/she already transmitted virus to many others (provided infected
person does not maintaining isolation/social distancing). In most cases, human
to human transmission occurs, though human to human transmission has been
ruled out at the very early stage of the outbreak. However, probability of getting
infectious becomes higher when an infected person or person in incubation stage
comes closer to the healthy person. Alternative transmission medium might be via
contact surfaces i.e. skin to skin touching or touching objects having COVID-19
particles. Then direct or indirect entrance of that surface particles into one’s body
through mouth, nose, or eyes. The other forms of transmission possibly through
inhalation of particle aerosols emanated from exhaled breathe of infected person
or via droplet due to cough/sneezes [4]. A recent study reveals that, COVID-19
may survive in aerosols (size <5 pm) for at least three long hour in an open air
ambient [1, 2]. Relative humidity, fomite material, and air temperature possibly
are the factors for prolonging virus life. Long time survival at the outside of its host
organism (surfaces such as aluminum, sterile sponges, or latex surgical gloves)
will increase the opportunity to produce new host via touching or breathing [2, 4].
Facal transmission is another transmission path where COVID-19 has been found in
stool specimen like aluminum, sterile sponges, or latex surgical gloves etc. [2]. The
surface stability of S-protein of COVID-19 found to be more on plastic, stainless
steel than the copper and card board [2]. It is worth mentioning that, some positive
COVID-19 cases were also reported due to the nosocomial transmission. Recent
study of Wang et al. reflects 29% health professionals and 12% hospitalized patient
(associated with other disease history) becomes infectious due to nosocomial
transmission [5]. It is worth to mention that, urine of infected one does not contain
any COVID-19 particles and therefore does not have any role for transmission [6].
Study of Casanova et al. suggest that, corona virus may remain active even in pure
water and pasteurized settled sewage for few days to one week [7]. Airborne dust
particles or microorganisms or particulate matter (PM) are the potential transmit-
ter [6]. Some study finds the virus can transmit through air up to 1 m whereas
another recent study find virus particles can transmit up to 13 ft. [6]. However,
COVID-19 particles combined with airborne dust particles or microorganisms
or particulate matter (PM) enters into the deeper alveolar and tracheobronchial
regions of the host.

3. Role of environmental factors

The transmission, survival and characteristics of COVID-19 directly influenced
by environment factors like temperature, pressure, pollution level [8]. In addition,
outbreak further involved with the reproduction number (RO). The reproduction
number (Ry) defined as the number of healthy people getting infected from a single
infectious living in a susceptible populated environment. Reproduction no (Ro)
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mainly governed by the factors like (i) stage of infection, (ii) transmissible strength
of the pathogen, and (ii) the number of susceptible contacts. It is meaningless to set
the exact value of R, until otherwise the surrounding environment clearly speci-
fied. For example, Li et al. reported R, value for COVID-19 as 2.2 (95% confidence
interval, 1.4-3.9) [9]. However, in reality Ry for COVID-19 might be very higher
than expected if one does not obey the rule of social distancing or home quarantine.
Few governing factor are crucial for reproduction rate or newly infected cases in

a particular area viz.; (i) isolation of infected person from the day of infection,

(ii) availability of general needs for ones to remain in isolation like food and other
necessities and (iii) availability of sufficient diagnosis tools in the area. Based on
the above facts, a mathematical model proposed by Tang et al. [10] determines the
reproduction rate or spreading rate by individual infected host per day. If the above
factors favor in a particular region, then contact rate C(¢) (assuming reproduction
rate proportional to the number of new contact) in a certain period of time follows
Eq. (1) leading to decreasing reproduction rate [10].

C(t)=(C,-C,)e ™ +C, (1)
Where C initial contact rate, C;, is minimum contact rate under current control

strategies, ; is coefficient of contact factor, t is investigated time period. However,
reproduction rate further depends on the diagnosis rate as shown in Eq. (2) [10].

1 (1 1)1 o

5(t) (6 Oy O
Where J; (t) diagnosis rate and, dy is initial diagnosis rate with 6;(0) = y, Jy is

fastest diagnosis rate with lim, &, (0)=6,> and r, is exponential decreasing

contact rate factor and the value depends the recourses available in the infected
region. However, if the aforementioned factors are not favorable in the investigated
region, then it is expected that, the new infected cases (induced by individual
infected host) will begin to rise. A time dependent (30 days lockdown period)
contact rate C(¢) and diagnosis rate &;(¢) simulation study (from somewhere in
Wuhan) have been reported based on adaptive Metropolis-Hastings (M-H) algo-
rithm and Markov Chain Monte Carlo (MCMC) procedure and the result is shown

o

(A)

—cft)
i r1'|{t}

=

Time-dependent contact rate and diagnose rate

Daily n’pri_niurlinn number R A1)
2 ¢

o 5 10 15 v 25 30 0 5 0 - 20
Days from 23 January, 2020

5 30
Days from 23 January, 2020

Figure 1.
Showing simulation data of (A) contact vate C (t) and diagnosis rate (B) effective daily reproduction ratio for
the period of 30 days somewhere in Wuhan [10].
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in Figure 1 [10]. The model shows how self isolation (decrease in contact rate) and
increase in diagnosis rate in a region can stop community spreading significantly.

4. Symptoms

Many infectious remains asymptomatic and silently affected so many. Most
of the mild cases symptoms such as, fever (83-100%), myalgia (11-35%), diar-
rhea (2-10%), fatigue, headache (7-8%) and cough (59-82%), and dyspnoea
have been found predominantly [11]. However, severe infection outcome includes
drastic reduction in average circulating lymphocyte and platelet counts etc. Other
abnormalities are on chest radiographic imaging, lymphopenia, leukopenia, and
thrombocytopenia [2]. Respiratory system is highly affected. Though age is still
not be a proven critical risk factor for COVID-19 infection, but it was observed
that, mortality rate were prominent for elderly having some previous disorder like
hypertension, chronic obstructive pulmonary disease, diabetes, cardiovascular
disease. Such prior disorder with COVID-19 particles in body quickly developed
some dangerous malfunction like coagulation dysfunction, septic shock, metabolic
acidosis and acute respiratory distress syndrome which are hard to correct eventu-
ally leading to the death. Further, few other malfunction like decrease in neutrophil
count, D-dimer, blood urea, and creatinine levels etc. were prominent in severe
infected patient [2]. However, all effects (including inhaled particulate matter
combined with an immune response or cytokine storm induced by COVID-19
infection) together exacerbate severe ill effect on respiratory system and increase
the risk of patient life. In order to investigate the different organ disorder due to
COVID-19, human protein database and distribution of antigiotensin converting
enzyme 2 (ACE2) has been correlated. It would be appropriate to mention that, an
ACE2 is a transmembrane enzyme, act as a receptor function in host body and help
to enter COVID-19 in host cell [8-11]. Figure 2(b) and (c) shows the detection of
ACE2 receptors over neurons and glial cells, further, how COVID-19 binds to ACE2
receptor in brain cell. Figure 2(a) and (e), ensure presence of COVID-19 in general
blood circulation with abundant number of virus in cerebral circulation. The pres-
ence of such virus possibly is the reason of slowing the blood circulation mecha-
nism in capillary endothelium which results in higher interaction probability of
COVID-19 spike protein with the ACE2 [3]. Hence, there is a possibility of neuronal
damage or endothelial rupture of cerebral capillaries in association with bleeding
in cerebral tissue which increases the life risk of patient infected with COVID-19.
Few evidence of neurotropic mortality caused by COVID-19 has been reported but
proper explanation is yet to be established [12]. A study of 218 patients from recent
outbreak reveals 78 patient (36.4%) having neurological malfunctions due to the
COVID-19. Rest of the patients is either losing control over breathing or suffering
from acute respiratory failure [3, 12]. However, evidence of virus in cerebrospi-
nal fluid is still under debate. Apart from blood circulation, entry of COVID-19
through cribriform plate close to the olfactory bulb can be an alternative pathway to
the brain. Further, indirect consequences of multi organ failure (pulmonary, renal,
cardiac, and circulatory damage) caused in patient having COVID-19 appears to be
more dangerous than expected. The study reveals that COVID-19 severely damages
leucocytes which possibly are the reason of multi organ failure [13]. Older infected
people having diabetes mellitus-2 are at more risk to mortality due to the uncon-
trolled glycaemia [14]. COVID-19 infection in diabetes patient raises the stress level
and hence blood glucose levels and abnormal glucose variability. Increase in blood
glucose possibly due to the release of hyperglycemic hormones (glucocorticoids and
catecholamines) [14].
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Figure 2.

Showing possible targets of COVID-19 (lungs, heart, kidneys, intestines, brain, and testicles); (a) COVID-19
distribution and ACE2 receptor in human, (b) COVID-19 transmission to brain through upper nasal
trancribrial path (c) inset image shows binding mechanism of spike protein at the site of neuron (d) showing
COVID-19 distribution through blood circulation at lungs and (e) inset image showing bind of COVID-19 with
ACE2 receptor at lungs cell (reproduced with permission ref. [3, 12]).

5. Protein structure of COVID 19

The COVID-19 in the infected human body consists of critical virion which
is a spike type glycoprotein known as S-protein [15]. The characteristics of spike
protein or S-protein solely determine whether host cell is infected by corona virus
or not. The spike protein has two subunit referred as S1 and S2 respectively. S1
is responsible for virus-host range and cellular tropism with the help of recep-
tor binding domain (RBD) whereas S2 expedite the virus-cell membrane fusion
with help of heptad repeats 1 (HR1) and heptad repeats 2 HR2 [16]. However, a
polybasic cleavage site (RRAR) in between S1 and S2 influence the viral infectivity
and host range with the effect of furin and other proteases [4]. O-linked glycans
created by the proline, which possibly flank the cleavage site and shields epitopes
or key residues on the SARS-CoV-2 spike protein [4]. However, the outermost part
of critical virion cell is full of spike protein which helps to binding and subsequent
fusion of antigiotensin converting enzyme 2 (ACE2) membranes in host cell.
ACE2 is a transmembrane enzyme, act as a receptor function in human body and
help to enter COVID-19 in host cell [1-9]. ACE2 exist at almost each organ of the
body including arterial smooth muscle cells in the lungs, lymph nodes, stomach,
colon, skin, liver bile ducts small intestine, kidney parietal epithelial cells, and the
brain [14, 15].
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The genome sequence of COVID-19 contains ~ 27 no of protein and almost
~30000 nucleotides in length as shown in Figure 3(a) [17]. Open reading frames
(ORFs) are found to be variable in COVID-19 gene. In first ORFs (ORF1a/b),
almost 2/3 viral RNA have been found which encodes 16 non-structural protein
(NPS) and translates two polyproteins (ppla and pplab). Accessory and struc-
tural proteins encoded by remaining 1/3 ORFs. Most essential proteins are RNA
dependent polymerase (RARP) and four structural proteins viz.; matrix protein
(M), nucleocapsid protein (N), small envelope protein (E) and spike surface
glycoprotein (S) [17]. The function of S protein is to binding and fusion of ACE2
membrane in host cell. On the other hand, M, N and E protein helps to budding,
envelope formation, assembled, pathogenesis and RNA encasing in host cell
[15-17]. Upper part of the respiratory tract has lower ACE2 results in less infec-
tion by S-protein whereas lower parts of the lungs have more amount of ACE2
consequently higher tendency of getting infected by S-protein as confirmed by
higher opacity in CT image as shown in Figure 4. ACE2 has high binding capability
with COVID-19 spike protein and its initiates the infection process as shown in
Figure 3(b) [5]. The interaction of S-protein and ACE2 in the host cell is as fol-
lows; COVID-19 genome encodes many structural protein (glycosylated spike (S)
protein) and non-structural protein (RNA-dependent RNA polymerase (RdRp),
protease (3CLpro), and papain-like protease (PLpro)) for inducing host immune
response [19]. 3CLpro and PLpro are responsible for COVID-19 genome replication
in host cell by proteolytic processing of non-structural proteins. As per National
Center for Biotechnologyl (NCBI) database, with ID NC_045512, the COVID-19
genome structure is 29,903 bp single-stranded RNA (+ss-RNA) coronavirus [3].
COVID-19 genome at the host cell releases it outer encapsulation and remain as
single-stranded positive RNA (having 5’-cap structure and 3’-poly-A tail). RNA
translated into viral polyproteins with help of host antigiotensin converting
enzyme 2 (ACE2). Cleaving of polyproteins turns it to an effector protein by viral
proteinases 3CLpro and PLpro [19]. Such mechanism reduces the host immune
response drastically. Monte Carlo simulations by convolution contact maps suggest,
receptor binding domain (RBD) area of spike protein shows various conformations
with respect to the remaining portion of the protein structure [20]. The identified
RBD area were then reassembled using pipeline method which produces a complex
structure of spike trimer and the extracellular domain of human ACE2. Cryo-EM
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Figure 3.

(a) Genome structure of COVID-19, (b) spike protein structure of COVID-19 constructed from C-I-TASSER,
and (c) human antigiotensin converting enzyme 2 (ACE2) (yellow color) and spike protein trimmer (right side
multicolor (magenta, cyan and blue) ). (reproduced with permission [1]).
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Figure 4.

CTg"image of (A) 75 year male patient having fever and cough since 5 days (B) 55 year female patient having
fever and cough since 7 days (C) 43 year male patient having fever and cough since 7 days [D] 43 year female
patient having fever and cough since 5 days; the abnormalities in axial CT were [a] bilateral subpleural
CGO [B] extensive CGO with consolidations [C] small bilateral areas of peripheral CGO with minimal
consolidation [d] peripheral consolidation in right lung (reproduced with permission from vef. [18]).

structure analysis reveals that, the binding affinity of ACE2 with the S protein of
COVID-19 spike protein is 10-20 times higher than that of the SARS CoV spike
protein [3]. However, corona virus genome sequence study suggests that, RBD

in spike protein is the most variable part and determines probability of getting
infected based on the binding efficiency with host receptor. From reports of Wan
et al. six RBD amino acid of COVID-19 viz; L455, F486, Q493, S494, N501 and Y505
found to have high binding affinity with ACE2 receptor of human [21]. Possibly
high binding capability of RBD with human ACE2 results in high rate of natural
infection in human species.

6. Diagnostic tools

Diagnostics measure can play a major role for the screening of COVID-19 patient
from the healthy ones. Initial identification of the COVID-19 have been carried
out through molecular diagnostic approach viz.; metagenomic next generation
sequencing (m-NGS), reverse-transcription PCR (RT-PCR) procedure and CRISPR.
Rapid DNA alteration/genome structure of COVID-19 makes it difficult to detect
by any specific method. Therefore, specific DNA sequence must be developed for
early stage detection and subsequent alarming. A paper-based colorimetric assay
for DNA detection based on pyrrolidinyl peptide nucleic acid (acpcPNA)-induced
nanoparticle aggregation has been reported by Teengam et al. [22]. The oligonucle-
otide targets were detected by investigating different color measurement of silver
nanoparticles (AgNP) with detection limit down to 1.53. Chen et al. followed real-
time polymerase chain reaction (RT-PCR) using nucleic acid analysis for detection
of COVID-19 [4]. Measurement accuracy reported to be about 71% [4]. Pathogens
from bronchoalveolar lavage (BAL) fluid analysis found to be an alternative of
finding genetic sequence of corona virus. Swab test possibly have higher accuracy
but insufficient kits impose to go for other techniques. In this section few diagnosis
process discussed elaborately.

Protein testing: Biomarker like viral protein antigens can be used for detection of
infected COVID-19. Variation in infection stages make it hard to find a particular
protein antigens or antibody pattern in host cell. Study of Wang et al., confirms
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viral increases in salivary in the first week of onset symptoms and then decreases
gradually with progress in time [23]. Saliva testing possibly show shedding from
salivary glands and the upper and lower respiratory tract [23]. Author tested pos-
terior oropharyngeal (deep throat) saliva of 23 COVID-19 infected patients among
which 13 were mild disease and 10 were severely affected. The findings reveals that,
at initial stage of testing, posterior oropharyngeal saliva was 5-2 logo copies per

mL (IQR 4-1-7-0). The viral load decline to slope — 0-15, 95% CI -0-19 to —0-11;

R” = 0-71. Further, study finds relatively older aged patients having higher viral

load of Spearman’s p = 0-48, 95% CI 0-074-0-75; p = 0-020. Due to non-invasive and
painless procedure, posterior oropharyngeal saliva testing is more acceptable to

the patients. Similar study of nasopharyngeal swab or bronchoalveolar lavage fluid
testing by CRISPR-nCoV method carried out by Hou et al. [24]. The finding reveals
better accuracy of testing with lower turn-around time about ~40 minutes and does
not require thermal cyclers. CRISPR-nCoV method composes recombinase poly-
merase amplification (RPA) step followed by T7 transcription and Cas13 detection
step. In a typical process, a mixture of 2.5 pl of tested sample, primer (0.4 uM),
reaction buffer, magnesium acetate (14 mM of ) and the RT-RPA enzyme have been
prepared [25]. The prepared sample was incubated at 42 °C for half an hour. Again
mixture of amplification product, 166 nM of ssRNA, 66.7 nM of Cas13, 1 ul T7 RNA
polymerase, 5 mM of each NTP, and 33.3 nM of gRNA allow to reacts in CRISPR.
The temperature during reaction was maintained about ~42 °C. Finally, Fluorescent
signals were collected. The sensitivity of CRISPR were found to be 100%. Results of
52 known infected sample showed positive COVID-19 with FC value ranging from
5-66.3 [25].

Metagenomic next-genevation sequencing (mNGS): Study of Hou et al. demon-
strated 52 confirm positive COVID-19 infected cases among 61 patients by mNGS
method [25]. The rest are found to be negative. In this method, Qubit Fluorometer
(Thermo Fisher Scientific, 99 Carlsbad, CA, USA) can be used to measure RNA
concentrations and then transposase-based methodology with ribosomal RNA
depletion approach might be useful for creating sequence libraries. 10 million
single-end 75 bp reads must be generated for each sample followed by removal of
read derived from host genome. The sequence libraries were generated by reverse-
transcribed of RNA into cDNA. However, taxonomic classification and identifica-
tion of sequence read may be performed by comparing with existing database
of plasmid, bacteria, fungi, human, protozoa, univec, and virus sequences. It is
worth mentioning that, a simultaneous testing of negative sample and its sequence
generation must be carried out with each above sequence run for controlling
contamination. Further, genetic similarity of all positive cases confirms Orflab and
N gene are two potential sequences for identification of COVID-19 infection. The
turnaround time ~ 20 hours (library preparation (8 hours), sequencing (10 hours)
and bioinformatic analysis (2 hours)) and high cost makes this method limited use
for COVID-19 detection.

Reverse-transcription PCR (RT-PCR): RT-PCR is widely used method using
upper respiratory tract samples (including nasopharyngeal swabs, nasopharyn-
geal washes, nasal aspirates and oropharyngeal swabs) for COVID-19 testing.
Probable test sample from lower respiratory tract might be sputum, BAL fluid and
tracheal aspirates. However, BAL fluid and tracheal aspirates in general not used
as sample for RT-PCR testing, because of aerosol formation from these samples.
Mainly two steps followed in RT-PCR process; reverse transcription of viral RNA
into cDNA and subsequent amplification of cDNA [26, 27]. Throughout RT-PCR
diagnosis, crucial steps followed are sequence alignment, primer selection, opti-
mization of assay (like reagent conditions, incubation times, and temperatures)
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and finally PCR testing. RNA-dependent RNA polymerase (RdRp) sequence and
the open reading frame 1lab (ORF1ab) sequence has been used as gene target for
COVID-19 detection. One step real time RT-PCR, where swab of the infected
patient were mixed with following ingredients; reverse transcriptase, polymerase,
magnesium, nucleotides, nuclease-free water, primers, a fluorophore-quencher
probe [26, 27]. Whole mixture then transferred into PCR thermocycler which
generates a fluorescent signal with help of fluorophore-quencher probe. Corman
et al., uses three types of assay structure (RdRp gene, N gene and E gene) for
testing 297 samples [27]. Result reveals that, detection probability ~97% for both
assay RARp gene and N-gene with 3.8 and 5.2 copies per reaction, respectively. The
process turnaround time is about ~1.5 hours possibly due to the producing capa-
bility of many copies of specific gene sequence. Need of thermo cycler and use of
sophisticated instruments hinders this method to use as diagnostic tool in limited
resource setting. Accuracy of the method depends on sampling location, qual-

ity of RNA extraction and training of operators etc. However, still this method
finds its application due to the faster nucleic acid amplification. Lower accuracy
in RT-PCR results (negative result in infected sample sometimes) possibly due to
the insufficient cellular material and improper extraction of nucleic acid from the
specimen [27].

Computed Tomography (CT): Imaging technique like computed tomography
offers easy capture of the cross sectional surface of the lung from many angles in
non-invasive way. Analysis of such image modality by radiologist can offer insight
about abnormal features that may come from COVID-19 infection. However, it
should be noted that, abnormalities of pulmonary involvement may arise due to
other viral disease as well. Note that, in some asymptomatic patients whose RT-PCR
shows negative even he/she have travel history or closure contact to infected
person, in that case CT imaging could be good approach of screening. Pattern
change in peripheral ground-glass opacification (areas of hazy opacity), consolida-
tions (i.e. fluid or solid material in compressible lung tissue), bilateral involve-
ment, peripheral and diffuse distribution are found to be the responsible factor for
abnormalities in pulmonary due to COVID-19 infection [28]. Further, it should be
noted that, such marker may vary depending on the infected stages of COVID-19.
For example, Bernheim et al. reported 56% pulmonary involvement after 2 days of
onset symptoms whereas it researches to peak involvement on 10th day [29]. A CT
imaging of asymptomatic patients reveals that, at the early stage of no symptoms
only lesions in lungs and it gradually bilateral diffuse disease become prominent
and then consolidation found on day of first or second week from onset of the
symptoms [28]. Xie et al. reported five patients having negative RT-PCR result but
their CT imaging confirms positive COVID-19 viral infection [30]. All the posi-
tive confirm cases does not had any prior abnormalities in pulmonary. However,
same author also demonstrated 155 patients having positive RT-PCR which was
found again positive by CT imaging method and 7 other patient who were positive
in RT-PCR testing showed negative in CT imaging [30]. CT imaging of the five
patients (who were tested RT-PCR negative) showed abnormalities in pulmonary
like ground glass opacity (5 patients) and/or mixed CGO and mixed consolida-
tions (2 patients) [30]. A series of 51 patients test by CT imaging and verification
of the same by RT-PCR method resulted sensitivity about ~98% for CT and ~ 71%
for RT-PCR study, respectively [18]. A CT image of four patients is shown in
Figure 4(a)-(d) [18]. The CT investigation of 21 patients (among which 6 male 15
were male) from the onset of initial symptoms to recovery period were carried out
by Pan et al. [28]. On an average, CT image capture and analysis of all the patients
were carried out after every four days interval and all have been discharge after

11



Biotechnology to Combat COVID-19

17 + 4 days. In most of the patients, maximum abnormalities were noted on or
after 10th day since onset symptoms with R2 = 0.25 and p < 0.001. Based on the
progress of infection level during complete hospital stay (~21 day) until recovery
has been categorized into four stages viz.; stage 1(0—4 days), stage 2 (5-8 days),
stage 3 (9-13 days), and stage 4 (>14 days). The most pulmonary abnormalities
reported are (i) CGO in stage 1, in 17 among 24 (75%) patients (b) increased crazy
paving pattern in stage 2, in 9 out of 17 (53%) patients (iii) consolidation in stage
3,in 19 out of 21 (91%) patients and (iv) gradual resolution of consolidation with
decreased crazy paving pattern in stage 4, in 15 among 20 (75%) patients [28]. The
governing factor (ground-glass opacification, bilateral involvement etc.) for detec-
tion of COVID-19 employing CT imaging, sometimes became imperceivable due to
the low severity or few symptoms in patients making this method more challeng-
ing. Use of artificial intelligence for screening the infected patient by CT imaging
possibly can increase the sensitivity of the method.

Nucleic Acid Testing. This testing does not require sophisticated laboratory instru-
ments but dyes (malachite green, calcein and hydroxynaphthol blue) that utilize
inherent by-products of the extensive DNA synthesis [31]. The testing based on
the isothermal amplification at particular temperature for nucleic acid testing. The
different isothermal techniques like polymerase amplification, helicase-dependent
amplification, and loop-mediated isothermal amplification (LAMP) have been
followed in nucleic testing [32]. Reverse transcription LAMP (RT-LAMP) is one of
major techniques for detection of COVID-19 based on one-step nucleic acid ampli-
fication method [32]. In this method, few primer and DNA polymerase are essential
to obtain insight about viral genome sequence. Yu et al. uses six primers to amplify
the ORFlab gene fragment [33]. The primer are as follows; forward inner primer
(FIP), outer forward primer (F3), outer backward primer (B3), backward inner
primer (BIP), loop forward primer (LF), and loop backward primer (LB) [34, 35]. In
a typical process, the mixture of isothermic amplification buffer, ANTPs, manganese
sulfate, FIP/BIP, F3/B3, FL/BL primers, Bst 2-0, antarctic thermolabile UDG, and
Warm Start Reverse Transcriptase in ddH,0 were transferred in ice bath. The ice bath
then kept in enclosed room and allows incubation at 63 °C for half an hour. RNA
detection started with simultaneous occurrence of reverse transcription and ampli-
fication process. The detection can be confirmed by several identification like color
change from orange to yellow or laddering pattern of bands after electrophoresis on
a gel or by fluorescent light in response to UV excitation [32]. Loop mediated iso-
thermal study of respiratory swabs employing pH-sensitive dyes and five primers for
visual and colorimetric detection has been reported by Zhang et al. [31]. In conven-
tional method, patient swabs were mixed with BSA (1%), amphotericin (15 pg/mL),
penicillin G (100 units/mL), and streptomycin (50 pg/mL). The mixture sample then
deactivated at 56 °C and finally COVID-19 RNA was extracted from the deactivated
sample. Average detection sensitivity was ~100 copies in each five primer. All the
samples were further confirmed through RT-PCR testing. Similar study by Yang et al.
[36] reported detection of ORF1ab gene, E gene and N gene employing RT-LAMP
method. Testing of 208 samples reveals sensitivity similar to RT-PCR method
whereas specificity was 100%. RT-LAMP technique has high sensitivity and specific-
ity. The turnaround time less than one hour and have flexibility to work at various
pH level and temperature level. The cost of testing is relatively low compared to other
techniques. However, optimum primer selection and producing suitable reaction
environment are two major difficulties technician faces during sample testing.

Point-of-Care Testing: In point of care testing sample does not require to send
in laboratory rather one can test with smaller device with turnaround time is less
than one hour. One can either detect virus genetic content by nucleic acid based
probes or by detection of toxin produced by pathogen or by epitopes of pathogen
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membrane [37]. In later two approaches, antibodies or antibody derivatives can

be used for easy diagnosis. However, specificity of the later two (antibody based)
approaches is lower than the former (nucleic acid based) approach. Some of
reported point of care techniques are (i) biosensors, (ii) gold nanoparticles as
antibody for binding virus protein (lateral flow assay), (iii) mirofluidic devices,
(iii) electrochemical sensors, (iv) paper based systems, and (v) and surface-
enhanced Raman scattering based systems [37]. Lab on chip point of care diagnosis
offer portability, rapid detection time, and miniaturization. Further, testing require
small sample volume [36-38]. The smart phone dongle attached with devices like
mirofluidic device, electrochemical sensor or lab on chip can also be a point of care
strategies for COVID-19 detection. Xiang et al. compared COVID detection by

(i) ELISA test with IgG and IgM antibodies for 63 patients and (ii) colloidal gold-
immunochromatographic assay (GICA) for 91 patients and the sensitivity were
found to be 87.3% and 82.4% [37].

7. Influence of COVID-19 on pregnant women

COVID-19 outbreak converges existing reproductive health and economic
stability of the women’s and girl’s. The crisis reduced the access of family plan-
ning, and increase the unsafe abortion, miscarriage, unintended pregnancies, post
traumatic stress disorder, intimate partner violence etc. [39]. Limited resources
available for illness prediction of COVID-19 infected pregnant women but provide
some insight based on the effects one encounter from similar type of corona virus
infection (SARS) and MERS). COVID-19 can increase the rate mortality for the
case of pregnant women and enhances the chance of transmission to new born
baby via vertical transmission. A study of 33 new born baby from infected mother
reveals vertical COVID-19 transmission in 3 babies [39]. US Centers for Disease
Control and Prevention (CDC) sets few rule and regulation for women having new
born babies are (a) sanitize the hands before touching the baby, (b) wash feeding
bottles before and after use, (c) women are allowed to breast feed until evidence
suggest otherwise, (d) use mask during breast feeding, (e) use of dexamethasone
as an alternative to betamethasone for fetal lung maturation etc. [24]. Study of Liu
et al., from January 20, 2020, to February 10, 2020 gives a clear picture of different
symptoms and subsequent treatment of infected women having different stage
of pregnancies [40]. The entire clinical study reviewed by three radiologist for
15 pregnant infected women (diagnosis with reverse transcription-polymerase
chain reaction (RT-PCR) at the time of admission) reveals that, 11 patient gave
successful deliver of new born and 4 patient are still under observation (three are
in second trimester and one in third trimester). They were not facing any natal
asphyxia, neonatal death or abortion up to the end of the study. The CT imaging
was carried out for infected women before and after delivery. All patients chest CT
imaging shows pulmonary abnormalities. Similar chest diagnosis by CT scan and
pulmonary abnormalities of all admitted patient has also been found in the report
of Rasmussen et al. [41]. CT imaging reveals ground-glass opacity (GGO) in early
stage of the infection and crazy paving pattern (denser, more profuse, and conflu-
ent) in patients having more infection than the images of healthy lungs [40, 41].
The most common symptoms were found to be fever (13 among 15 patients) and
cough (9 among 15 patients). Lymphocytopenia was the most common abnormality
found in 12 patients. CT scanning ensures no evidence of COVID-19 provocation
after delivery. Among 11 patients. All were given antibiotic treatment before and
after delivery whereas 4 patient who were still pregnant till end of the study period
were treated only with antibiotics. Another study by Zhu et al., reported nine
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pregnant women with 10 new born (one twin) babies [42]. The report says onset
symptoms of COVID-19 were evident in four patients before 1 to 6 day of delivery,
in two patients on the same day of delivery and in three patients after 1to 3 day of
delivery. Two among the nine mothers had intrauterine fetal distress and 6 babies
were born preterm. No mortality was reported [42]. As far as respiratory acute fail-
ure is concern, 40% pregnant women were given mechanical ventilation whereas

it was 13% for non-pregnant women [31]. However, what treatment is actually
applied is still unknown. Pregnant women’s are more likely to be affected due to

the physical changes like diaphragm elevation, edema of respiratory tract mucosa,
increased oxygen consumption etc. drive them to more complicated cases. What
about the new born babies? Whether there is any vertical transmission of COVID-19
to new born or not? If transmission takes place, then in what mode and is it when
fetal is in the mother womb or during delivery time (by means of surface contact)?.
This question mark is still in dilemma. Because some evidence proofs that, there is
no vertical transmission takes place [41]. On the other hand, few study ensure posi-
tive cases in new born babies [43]. Vertical transmission case study of four mother
and their new born have been investigated by Chen et al. with different parameters
variation in mother as well as in the new born babies [44]. All four mothers were
admitted in hospital at their trimester with positive COVID-19. Initial health coun-
seling of mothers was as follows; three among four have fever, two among four have
myalgia or fatigue, two among four have cough. The fetal movement was normal
except one mother who have dyspnea. Lymphocytes count (<1.1 x 109/L) found to
be lower than in normal case and C-response protein was found to be significantly
increased in level for all four mothers. Chest CT imaging before delivery confirms
abnormalities. However, after antiviral treatment, COVID-19 test found negative in
three mother and they were released after 3-5 days. One who suffer with dyspnea
takes more time to recover from COVID-19. The states of babies are as follows; all
four babies were isolated upon birth from their mother. For prevention of COVID-19
perinatal and postnatal transmission, three mothers opted cesarean section and
remaining one had vaginal delivery due to the sudden labor pain. The RT-PCR test-
ing were carried out after 72 hour of their birth and only three babies were tested
since one among four were not given consent for testing.

8. Adopted cure strategy

Worldwide scientist and physicians started major campaign to understand the
emergence of the disease and its possible antiviral treatment by drug development
or therapeutic agents or developing vaccines. As of now there is no specific thera-
peutics agent or vaccine approved to cure COVID-19 patient in clinical procedure.
Due to limited clinical and basic research information, most of the clinical trial/
manifestation follows basic symptomatic treatment protocol and supportive care
which was followed for curing SARS and MERS patients [45]. The strategies of
SARS-CoV and MERS-CoV therapy or antiviral drug have been extrapolated for the
treatment of COVID-19 (Table 1). Most of the hospitalized infected patient have
following status; (i) among the admitted patients, 23%-32% enters into ICU, (ii)
17%-29% feels critical respiratory failure (iii) ~7-8% were discharged and (iii) ~1%
reported death. S-protein of COVID-19 has much similarity (in structural as well as
replication procedure) with SARS and MERS protein and hence most of the articles
reported broad spectrum antiviral activity of remdesivir, baricitinib, and chloro-
quine as the clinical trial antiviral drug [19] (Figure 5). Remdesivir demonstrated
effectiveness for curing COVID-19 in USA [46]. Nucleotide type of remdesivir drug
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SrNo Target Protein Possible Drug Ref
1 Angiotensin-converting enzyme 2 (ACE2) Arbidol [34]
2 Viral spike glycoprotein (S-protein) Arbidol [34]
3 Transmembrane protease, serine 2 (TMPRSS2) camostat mesylate [50]
4 Coronavirus main protease 3CLpro (3CLpro) lopinavir [46]
5 Papain-like protease PLpro (PLpro) lopinavir [48]
6 RNA-dependent RNA polymerase (RdRp) remdesivir, ribavirin, [47]
favipiravir
7 JAK kinas baricitinib [51]
8 Endosome/ACE2 Chloroquine, [47]
Hydroxychloroquine
8 RNA-dependent RNA polymerase (RdRp) IDX-184 [35]
Table 1.

Target protein related to nCoV-19, SARS-CoV and MERS-CoV and possible drug proposed for prevention
(data taken from reference [34-51]).
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structure of viral entry inhibitor (a) remdesiviv, (b) vibavirin, (c) IDX-184, (d) chloroquine,
(e) hydroxycholovoquine, and (f) camostat mesylate.

assisted to premature termination of RNA chain in host cell. On the other hand,
ribavirin is a guanosine analogue mostly used for treating chronic hepatitis C [47].
However, study finds suitable dosage of ribavirin might stop the replication spike
protein RNA [47]. Lopinavir (a viral protease inhibitor) with its pharmacological
booster ritonavir (LPV/R) initially proved to be useful for HIV, SARS-CoV, MERS-
CoV treatment with the action of protease inhibitors. Recently study in South Korea
reveals significant decrease in COVID-19 viral load after treating with (LPV/R)

[46, 48]. Similar reduction in viral loading (associated with pneumonia related
symptoms) was also observed after treating with arbidol [34]. Chloroquine and

its hydroxy-analogue hydroxychloroquine demonstrated to be relevant for patient
having diabetes with infected COVID-19 [14]. Researcher and scientific community
stress more on 3CLpro, PLpro and RdRp protein target than other target possibly
due to the most responsible proteases for COVID-19 replication and hence attractive
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targets for antiviral therapies. Further, one needs to understand, the possible action
mechanism of existing drug on COVID-19 before being used. For example, arbidol
can be used for fusion of virus-host cells to prevent virus entry into the host. The
clinical trial of arbidol is in process [34]. Clinically approved camostat mesylate a
possible inhibitor used (to reduce activity of TMPRSS2) for blocking the COVID-19
entry into human body [35]. Combination of tocilizumab and hydroxychloroquine
found to be very effective for curing COVID-19 patient underwent kidney trans-
plant surgery [49].

9. Role of biosensor devices

Recently nanomaterial used for point of care diagnosis, therapeutics agent, or
in vaccine development. Nanomaterial found to be the promising candidate for the
modulation of viral infection cycle [4]. Especially, carbon quantum dots having
size below 10 nm found to be a promising interferes for the viruses into the cells.
Nanomaterial having different nanostructure offers multivalent character due
to surface to volume ratio. Such multivalent properties facilitate several ligands
to attach with virus. The viral-ligands interface blocks the entry of virus into the
host cell [20]. Eoczechin et al. reported function of carbon quantum dot (CQD) as
inhibitor for COVID-19 [52]. CQD synthesis itself from different precursor offer
different level of inhibition strength to corona virus. Two different study of CQD
synthesis from (i) citric acid/ethylenediamine and further conjugated by boronic
acid, and (ii) 4-aminophenylboronic acid and phenylboronic acid offer 50%
inhibition concentrations of EC50 = 52 + 8 pg mL ™" and EC50 = 5.2 + 0.7 pg mL™",
respectively [52]. CQD inhibit growth of s-protein by fusion mechanism and stop
replication process of S-protein by signal transduction mechanism or by interaction
with cytosolic proteins [52]. Nanomaterial particles as therapeutic agent for stop-
ping viral entry and subsequent replication of S-protein in host membrane may be
an alternative of many existing treatment to avoid their side effects. For example,
use of ribavirin and IFN as an antiviral drug for COVID-19 spike protein have many
side effects including short-term memory loss, confusion, extrapyramidal effects
and deficits in executive functions [20, 52].

Plasmonic biosensor working on the cumulative effect of plasmonic photother-
mal (PPT) and localized surface plasmon resonance (LSPR) transduction principle
found to be another potential alternative diagnosis of COVID-19 [53]. Two dimen-
sional (2D) gold nanoislands (AuNIs) functionalized with DNA receptors exploited
as sensing of RNA gene sequence. Sensitivity of material can be enhanced to some
order by direct thermoplasmonic heating to biosensor chip. The usable plasmonic
heat to the chip has been generated by setting a particular plasmonic resonant
frequency. Photon generated oscillation frequency modulated the electrons behavior
on the surface of plasmon material which might be the crucial factor for detection of
selective COVID-19 gene sequence from multi gene mixture. Enhanced plasmonic
field at the nanostructures surfaces increases sensitivity of sensor by suppressing
local variation like refractive index and molecular binding. Employing field effect
transistor as biosensor for fast and accurate spike protein detection through naso-
pharyngeal swab has recently been reported by Seo et al. [54]. Graphene coated
specific antibody has been used as sensing material for spike protein detection [54].
The spike protein directly not attached with graphene surfaces rather 1-pyrene-
butyric acid N-hydroxysuccinimide ester was used as probe linker to conjugate
protein structure on graphene surfaces. Such attachment of spike protein induced
by 1-pyrenebutyric acid N-hydroxysuccinimide ester on graphene surface leading
to changes in conductivity and subsequently in current through the FET structure
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Figure 6.

(a) showing conjugation of spike protein on to the surface of graphene via 1-pyrenebutyric acid
N-hydroxysuccinimide ester (b) model showing spike protein on the surface (covered with graphene) of
field effect transistor (c) FET sensor sensitivity in presence of SARS-COV-2 antibody and in absence of
SARS-COV-2 antibody and (d) FET sensor sensitivity in MERS-COV and SARS-COV-2 (reproduce with
permission [32]).

(shown in Figure 6 (a) and (b)). The sensitivity which was measured by current
fluctuation due to presence or absence of spike protein is shown in Figure 6(c)

and (d). The biosensor capable to detect down to 16 pfu/mL in cultural mode and
2.42 x 102 copies/mL in clinical sample [32]. The diagnosis method does not require
sophisticated laboratory equipment and provide very high sensitivity with instanta-
neous measurements employing small volume of nasopharyngeal swab.

10. Conclusions

Like other epidemic, COVID-19 may also become seasonal, but at present one can
only predicted about it not for sure. Meanwhile, to reduce the outbreak, it is required
to have international collaboration with data sharing policies. Because, of the limited
information, one can reuse the existing drugs as clinical trial for curing COVID-19
infection (based on the similarity of target protein with other coronavirus). Further,
fight against COVID-19 requires the knowledge of computer science, medicine,
health policy, environmental factors and risk management etc. Present situation
imposes researcher and scientific community a number of research target viz.;

(i) production of rapid point of care diagnosis (ii) enhancement in surveillance and
monitoring (iii) design of new therapeutic agents and finally (iv) vaccine develop-
ment. We can only reduce the transmission level up to certain extent but cannot be
demolished completely. For complete cure one has to develop vaccine.
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Chapter2

Control of an Epidemic of
SARS-CoV-2 by Assessing
Transmissibility of Its Infected
Cases in Absence of a Suitable
Vaccine

Bidisa Sarkar and Kamalesh Sarkar

Abstract

SARS-CoV-2 or Covid 19 and it’s pandemicity has been wreaking havoc in many
countries worldwide. It is important to counter and contain the spread of Covid-19
using some effective infection control policies as we await an effective protec-
tion such as vaccine. Ahmedabad Model of Covid-19 Control could be used as an
established epidemic management protocol for COVID 19 infection. It relies on the
Cycle Threshold (Ct) Value, which was used as a proxy marker for assessing initial
viral load. It was evident that cases with higher viral load spread the disease at much
higher rate as compared to that of low viral load apart from population mobil-
ity and/or population density. Therefore, Ct value based segregation of infected
cases with higher viral load along with contact tracing of them of previous 5 days
is an effective epidemic control policy. It needs to be remembered that a section
of infected cases is asymptomatic and capable of spreading infection in the com-
munity unknowingly. Hence, infection control practices must be accompanied with
standard precautionary measures such as physical distancing, hand hygiene and
wearing face mask. Community awareness is an integral part of it. Newer biotech-
nology based researches may be encouraged based on felt needs.

Keywords: SARS-CoV-2, epidemic, cycle threshold value, RT-PCR, transmissibility

1. Introduction

SARS-CoV-2 or COVID-19 is a newly discovered coronavirus representing the
third coronavirus associated epidemic to emerge from a species leap i.e. from the
wild animals to the humans, after severe acute respiratory syndrome (SARS) in
2003, and the Middle East Respiratory Syndrome (MERS) in 2012 [1]. COVID-19
transmission dynamics is yet to be understood thoroughly. Basic Reproduction Rate
(Ro) is a term which is often used in an epidemic. It is the average number of sec-
ondary cases of an infectious disease that one case would generate in a completely
susceptible population within its longest incubation period [2]. If Ry > 1, then the
number of infected cases is likely to rise, while if Ry < 1 then the transmission will
probably die out. The basic reproduction number is an important measurement
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in infectious disease epidemiology, indicating the risk of an infectious agent with
respect to epidemic spread. Estimated basic reproductive number of COVID-19,
declared by the WHO (dated January 23, 2020) ranges within 1.4-2.5 [3].

A recent review by Liu et al. found the average Ry of COVID 19 infection to be 3.28
and median to be 2.79, which exceed the WHO estimates [4]. It was observed in SARS
that a few of the infected people in the community spread most of the infection,
whereas most people, although infected, spread it to only a handful [5-12]. In addi-
tion to Ry, scientists use a value called dispersion factor (K), a number that indicates
the likelihood of a certain disease to spread in clusters [13]. Lower the K value, more
is the transmission that occurs from a small number of people. In 2005, an article in
Nature estimated that SARS had a K value of 0.16 [13]. In a recent publication, K value
for COVID-19 was estimated to be as low as 0.1 [14] suggesting that probably about
10% of the total number of infected cases will be spreading to about 80% of the cases.

Apart from Basic Reproduction Rate, certain other terminologies are just as
important to understand the transmission pattern of infected cases in a community
or in a defined geographical area. The term epidemic is used when there is occur-
rence of large number of infected cases in a community or in a defined geographic
area and in a particular period, clearly in excess than the expected number of
cases during the same time of previous years. When the occurrence of cases is less
than that of the expected number of cases compared to previous years, it is called
endemic. Epidemic may be common source epidemic (all cases occurring simulta-
neously from a single source such as food poisoning following consumption of a
meal at a marriage party) or propagated epidemic (when few cases occur from
a source and then they further infect some other people, who in turn spread to
another group). Certain factors are associated with transmission of infection such
as virulence of organism, organisms’ density in infectious material, lack of health
seeking behaviour, population density, population movement, lack of awareness,
lack of hygienic practices, etc. The infectiousness of an infectious disease is mea-
sured by Secondary Attack Rate (SAR) - defined as the occurrence of new cases
among the susceptible population from the primary case within the longest incuba-
tion period of that disease. Usually it is expressed in percentage. Secondary Attack
Rate depends on population density, population mobility, virulence of organism,
organism density, behaviour of the individuals concerned, etc. in absence of any
intervention such as vaccination or medication.

A review work was carried out by a group of researchers that raised several
questions. COVID-19 via person-to-person contact had had spread like a wildfire,
affecting almost every country in the world. In the past 100 years, the world never
experienced a pandemic as cataclysmic as COVID-19. It is easily understood that
both previous outbreaks of other members of the coronavirus family (severe acute
respiratory syndrome (SARS-CoV) and middle east respiratory syndrome (MERS-
CoV)) did not produce even 2% of the global harm which has already been inflicted
by COVID-19. There are also four other CoVs capable of infecting humans (HCoVs),
which circulate continuously in the human population, but their phenotypes are
generally mild, and these HCoVs have received little attention. These dramatic dif-
ferences between infection with HCoVs, SARS-CoV, MERS-CoV, and SARS-CoV-2
raise many questions, such as: How quick transmission occurs in COVID-19? Does
viral structure play any role in it? Any specific human (host) factors are involved?
Any environmental factors involved? A review work was done by a group of
researchers with the aim of having possible logical answers to above questions [15].

Data collected in above mentioned review clearly indicated that SARS-CoV-2
uses multiple ways for efficient transmission. The virion structure is optimised to
survive various environmental conditions, allowing this virus to use both respira-
tory and faecal-oral transmission modes. Its S protein has an amended structure
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for efficient interaction with the ACE2 receptor and is optimised for furin cleav-
age. Moreover, S protein could be primed with activation by TMPRSS?2, furin, and
multiple non-furin proteases (e.g., plasmin). In addition to ACE2, SARS-CoV-2 can
interact with other cellular peptidase receptors, such as ANPEP and DPP4, and also
can utilise non-peptidase receptors, such as DC-SIGN1, CLEC4G, and CLEC4M.
SARS-CoV-2 utilises multiple ways for cellular entry (both non-endosomal and
endosomal) and potentially uses various means of epigenetic control to inhibit the
initiation of the host innate immune response. During pandemic period continu-
ous genetic rearrangements occurs within the virus cell genetic structure, which
enable the virus particles for immunological escape. SARS-CoV-2 is associated with
intricate interplay involving various host genetic factors and pathways. Cytokine
storm is the result of above interactions, which promotes cellular death programme
of various cells, such as pyroptosis, apoptosis, and necrosis, which might contribute
to the COVID-19 pathogenesis. This remarkably broad spectrum of means for the
efficient SARS-CoV-2 transmission indicates that it is very unlikely that COVID-19
can be cured by targeting just one segment of this complex mosaic [15].

2. Recent experience from India

India had had witnessed a tremendous rise in the daily number of COVID-19
infected cases during its epidemic period. It started from January 2020 with single
detected case in Kerala that reached its plateau in mid-September 2020 with
almost 98,000 cases in a day during that period [16]. First Covid-related death was
reported in March 2020 and on September 18 of the same year, 1195 reportedly
died due to the very reason. Till September there was so sign of decline in the daily
number of new cases. Reaching the plateau and subsequent decline then seemed to
be a far-fetched dream in the absence of an effective vaccine or drug. On January
4th, 2021, a total of 16278 new cases were detected while 200 deaths were reported
country wide. Various models of COVID-19 were put forward to predict the trend
yet no estimate had turned out to be even close to the reality.

Officials had claimed that increasing the number of tests would have had helped
control the epidemic [17, 18]. Yet they could not provide with any effective strategy
for reducing new infections which would have had helped flattening of the national
Covid-19 epidemic curve. Several survey results established that a small percentage
of the people in the country have had developed herd immunity even though they
were unaware of their infection. Thus controlling the epidemic through reaching
an adequate amount of herd immunity is a remote possibility. Taking these situa-
tions into consideration, public health experts of the country opined and rooted for
effective public health measures including evidence-based epidemic control policy
to be undertaken unless some safe and effective vaccines were available. As per the
suggestions of the authority, testing was increased manifold, resulting in detection
of more cases and, increase in treatment and quarantine. But the problem was that
all the tests were concentrated in the metropolitan cities and the urban areas. Also
a sizable number of cases were asymptomatic or pre-symptomatic; they perhaps
unknowingly had spread the infection to others.

An epidemiological study was conducted by ICMR-National Institute of
Occupational Health, Ahmedabad, in western India, to assess the distribution of
infected cases in the community and whether initial viral load of COVID-19-infected
case indicated by cycle threshold (Ct) value of reverse transcription polymerase
chain reaction (RT-PCR) could predict about transmission pattern in the commu-
nity apart from population mobility and its density. The study revealed that only
7% of the infected ones carried high viral load, while another 9% of the infected
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population had moderate viral load and rest 84% were carrying low viral loads as per
community distribution was concerned [19]. Viral load was categorised as high when
cycle threshold value = <24, moderate = 24 to <31 and low = 31 & above (Figure1).
Interestingly, most of the Covid-19 infected cases’ clustering happened around
the houses of cases, infected with with high viral load. Also, the number of secondary
cases was directly related to the increase in viral load. Higher the viral load, more were
the secondary cases (Figure 2). On an average, each index case with high viral load
spread to 6.2 secondary cases, case with moderate viral load spread to 2.7 secondary
cases and same with low vial load spread to 0.8 secondary case. Conclusion of the
study was that viral load is an important determinant for transmission of Covid-19
infection in the community. It also advised, viral load based segregation of infected
cases, with higher (high & moderate) viral load being quarantined away from their
families along with contact tracing of all of them for previous 5 days and subsequent
screening of the contacts, believing to be an effective strategy to combat the epidemic.
When the country was grappling in the dark, trying to come up with a suitable
strategy to contain the epidemic, Ahmedabad COVID Control Model was devel-
oped based on previous study findings. The said model appears to be biologically
plausible as the same holds true for other infectious diseases too, such as HIV,
malaria, leprosy. Tuberculosis etc. Standing up to the expectations, execution of the
Ahmedabad Model of Covid Control exhibited a reasonable reduction in the daily
number of new cases within weeks of implementation in June 2020. This model of
management did not add any extra cost to the existing health care delivery practices
for managing COVID 19 cases. In it, Ct value obtained from the RT-PCR machine
needed to be mentioned routinely on the all RT-PCR test reports; thereby indicat-
ing high, moderate & low viral load, that helped the healthcare personnel assess
the transmissibility of the detected cases. It was assumed that on an average 50%
reduction would happen which is largely dependent on dedication & motivation
of grass root level community health workers, supportive & effective supervision,
timely logistic supply of test facilities including contact tracing, timely referral
for institutional quarantine etc. Fortunately, the model concerned had some extra
added benefits. For instance, if the health care personnel are aware about who all
the patients with high viral load are, they would take some extra precaution while
dealing with the latter - thereby reducing the chances of infection among the
health care providers. The following Figures 3 and 4 depict the decline & ascent
of daily cases in intervention as well as non-intervention areas following initiation
of Ahmedabad Model for COVID 19 Control, which was published as an original

Figure 1.
Distribution of cases with viral load (n = 138) in the studied community.
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Figure 3.

Daily reported COVID-19 cases in Ahmedabad district 10 June till o7 July.

article titled COVID control strategy — is there any light at the end of the tunnel? in
the journal of Family Medicine & Primary Care, 2020; 9:5502-5.

Because of continuous influx of people from UK to India during December 2020
& January 2021, resulting possible emergence of newly detected highly infectious
viral strain of Britain in India, Indian Council of Medical Research (ICMR) has
instructed various zone-wise Indian laboratories to search for the said infectious
Covid 19 strain using cycle threshold (Ct) value of 30 or less considering the fact
of their higher infectivity [20]. This again indicates that cycle threshold (Ct) value
may be used as a marker of infectiousness or infectivity of Covid 19 transmission.
If an appropriate measure is undertaken on time, it can reduce the transmission
of cases as was observed in Ahmedabad based study (Figure 3), where it was
implemented as a method of control.
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Figure 4.
Daily reported COVID-19 cases in vest of Gujarat State barring Ahmedabad district 10 June till o7 July.

Another study conducted by ICMR-National Institute of Occupational Health,
India, showed that viral load is also an important determinant for fomites based
transmission too [21]. The study was done on common surfaces such as packaging
cardboard and stainless steel surfaces that were smeared with COVID 19 infected
materials with known viral load. It showed that fomites contaminated with higher
viral load remained infected for a longer period compared to that contaminated
with low viral load material. So, viral load is a key factor for the presence of the
infectious virus on the surfaces and possibly contributing to the transmission, even
after a considerable duration. The viral RNA has higher chances of being identified
post-90-min observation period on surfaces contaminated with higher viral load.
Therefore surfaces with higher viral load are potentially contagious for longer period
as compared to those with lower viral load. The study identified a positive relation-
ship between the viral load of samples used for contaminating the surfaces and
viral load of the surfaces post-90-min observation period. The relation was stronger
among cardboard surfaces than stainless steel surfaces. A probable explanation can
be acquired from the fact that the moist surface of the absorbent cardboard could
provide a better harbouring site for viral particles than a non-absorbent surface like
stainless steel. The results however partly corroborate with a similar study, where the
cultured viral titre was measured over a duration on various surfaces [22]. This study
could not suggest the viability of viral particles on the surface but it only assessed
the presence of amplifiable viral RNA for specific genes (ORF1ab, in this case). The
mentioned study, suggested the viability of these viral particles for over 3 days on
these surfaces [21]. The said study was perhaps the earliest from India, to document
the relationship between viral load and their detectability on common surfaces. In

addition, surfaces with contaminated with relatively higher viral load and with higher
absorbability (cardboard) are independently associated with higher risk of COVID-
19 retention and transmission. Considering the rapidly evolving literature and
experimental procedures, this study was limited by a single sample collection (post
90-minutes observation duration) and did not indicate the viability of viral particle/
virion. Further, the results might be extended to emphasise the need for sterilising
such fomite surfaces to prevent viral transmission. Considering the positive

relation between viral load and the disease contagiousness [19, 23, 24], the sources
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(spreader/positive subjects) with high viral load should be treated with great care,
i.e., health care facility with possibly high viral load should adopt maximum pre-
cautionary measures. The study indicates that fomites could play an important role

in the disease transmission in addition to human contact, particularly at COVID-19
care facilities, market places etc. Awareness on fomite-based COVID-19 transmission
and the persistence of virion on these surfaces among the health care workers could
reduce their risk of contracting COVID-19. Viral load on fomites and the potential
role in disease transmission have potential implications in limiting transmission of the
recent viral infectious respiratory disease. The above finding has far-reaching public
health implications for educating the public in adopting safer behaviour to avoid
transmission through fomites. About a fraction of the infected population harbour
high viral load and are designated as super spreader which is a matter of great concern
[25]. Apart from person to person transmission, the above population would also
spread the infection at a much higher rate through fomites unless effective public
health controls are undertaken. Similarly, infected cases with moderate vial load
would spread the said infection at a moderate rate both by person to person as well as
through fomites. Consequently, there should be an effective mass awareness pro-
gramme using suitable mass awareness education tools by some experienced health
care workers. This is more important in places like business areas, shopping malls,
market places, tours and travelling, etc., where large gathering occurs with high popu-
lation mobility and there is every possibility of transmission through fomites apart
from person to person spread. So, respective authorities must pay adequate attention
to minimise the spread in the above areas as mentioned already.

3. Other factors related to transmission

In Wuhan, China, a novel and alarmingly contagious primary atypical (viral)
pneumonia broke out in December 2019. It had since been identified as a zoonotic
coronavirus, similar to SARS coronavirus and MERS coronavirus and named
COVID-19. As of 8 February 2020, 33738 confirmed cases and 811 deaths were
reported in China. Scientists investigated the basic reproduction number (R) of the
COVID-19 virus considering the fact that Ry is an indication of the transmissibility of
a virus among adjacent population, who are coming in contact to the primary case/s.
This investigation found that the estimated mean R, for COVID-19 is around 3.28,
with a median of 2.79 and IQR of 1.16, which is considerably higher than the WHO
estimate of 1.95. The study concluded that the reproductive number of COVID-19
was higher compared to SARS coronavirus. These estimates of Ry depended on the
estimation method used as well as the validity of the underlying assumptions. Due to
insufficient data and short onset time as mentioned by the authors, estimates of R,
for COVID-19 were possibly biased as mentioned in a study [4].

Another study investigated the aerosol and surface stability of HCoV-19 and
compared it with SARS-CoV-1, the most closely related human coronavirus. They
also looked for the stability of HCoV-19 and SARS-CoV-1 in aerosols and on differ-
ent surfaces and estimated their decay rates using a Bayesian regression model. The
study found that the stability of SARS-CoV-2 was similar to that of SARS-CoV-1
under the experimental circumstances tested. The study concluded saying differ-
ences in the epidemiologic characteristics of these viruses probably arise from other
factors, including high viral loads in the upper respiratory tract and the potential
for persons infected with SARS-CoV-2 to shed and transmit the virus while asymp-
tomatic. The study results indicated that aerosol and fomite transmission of SARS-
CoV-2 is plausible, since the virus can remain viable and infectious in aerosols
for hours and on surfaces perhaps for days (depending on the inoculum shed).
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These findings echo those with SARS-CoV-1, in which these forms of transmission
were associated with nosocomial spread and super-spreading events, and they
provide information for pandemic mitigation efforts [26].

4. Basic requirements for controlling an epidemic in an area
4.1 Strengthening of inadequate Public Health System

Public Health is defined as a combined system of science & art of prevent-
ing diseases, promoting health and protecting lives in a defined geographic area
through organised community based efforts. Primary health care is the backbone
of public health. Primary health care is an essential health care that should be made
available, accessible, acceptable and at a cost that every citizen of the country can
afford. Primary health care is based on four principles — Equitable Distribution,
Multi-sectoral Approach, Inter-sectoral Coordination and Appropriate Technology.
This means resources for improvement of public health infrastructure need to be
provided as per felt need of that area; underdeveloped area should receive more
resources. In countries with weak public health infrastructure such as India,
Bangladesh, Pakistan, Nepal, several African countries among others need their
public health strengthened. This means increase of trained human resources
(doctors, nurses, public health experts, field workers, etc.), construction of health
establishments as per requirements, adequate supply of logistics, storage and
transport facilities of vaccines maintaining appropriate temperature, strengthen-
ing of immunisation services, strengthening of maternal & child health services,
improvement of malnutrition scenario, control of communicable and non-com-
municable diseases, improvement water and sanitation services etc. Improving all
of the above together require an abundance of resources and appropriate planning
for judicious usage. Most of the above mentioned countries are not in a position
to afford them. Moreover, strong political will appears to be the most important
determinant for the said improvement apart from having the resources. Mass
awareness is another important issue that helps in generation of demand. Without
demand generation by public, things do not move in right direction. A number of
social activists, NGOs etc. work to mobilise people to be aware, understand their
own needs and generate their demand. Policy makers of the country must be aware
of major public health problems of the country so that they can prioritise while
developing an appropriate policy for right place at right time. One wrong public
health decision will incur heavy cost that the country could have had avoided
altogether. Similarly, if an important public health decision is delayed particularly
during a public health emergency situation, consequences are increased morbid-
ity & mortality along with other indirect consequences such as loss of job, loss of
economy as is being observed in recent COVID 19 epidemic.

4.2 Epidemic preparedness for control of epidemic
4.2.1 Epidemic preparedness team

An epidemic preparedness team comprising an experienced epidemiologist as
the chairman, a clinician and a microbiologist as members, is needed to be formed to
review the situation of their designated area at regular interval. They need to assess the
situation of different regions (based on previous years’ situation), the logistic supports
needed by them and the services that are necessary for prevention & control of epi-
demics round the year. They ought to be responsible for arranging necessary training
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of subordinate staff that will be required for epidemic control. They should develop

a set of guidelines/standard operating procedure including dos and don’ts for use by
the health workers while dealing with an epidemic. They are also to be responsible for
taking necessary measures for tackling any emerging and re-emerging epidemics well
in advance such as establishing an effective surveillance system for early detection, cre-
ation of a reliable diagnostic services, constructing temporary shelters for emergency
evacuation of affected population during public health emergency if needed etc.

4.2.2 Integrated Disease Surveillance Programme

Integrated Disease Surveillance Programme (IDSP) is an important activity for
early detection of an epidemic. Surveillance is defined as the process of continu-
ous collection of required information for necessary action such as prevention &
control of diseases. Diseases under surveillance are usually classified into groups.
Group A comprises diseases where immediate action is needed (within 24 hour),
Group B diseases are less severe where necessary actions are taken usually within
a week while Group C are diseases where actions are needed to be taken usually
within a month. Continuous collection of information on occurrence of vari-
ous cases from the entire area are sent promptly at the IDSP office to cover the
designated geographical area. Based on the reported case/s from a particular area,
necessary actions need to be taken by the designated staff as per need of the situ-
ation. This is to be done continuously 24-hour x 7 days, round the year to enable
early detection of epidemic with necessary intervention. With the advent of newer
technology, surveillance can be strengthened further with the help of drones,
mobile phone based applications, electronic communication system etc. to collect
information from the remote areas.

4.2.3 Regular analysis of data with epidemiological interpretation to assess the
situation

Regular analysis of data with epidemiological interpretation is an essential com-
ponent for early detection of epidemic in an area. Various soft wares are available
and used for this purpose such as SPSS, Strata, Epi Info etc. If there is an evidence
of existence of epidemic prone case(s) with tendency to increase compared to
occurrence of them earlier, it must be brought to notice of IDSP authority/Epidemic
Preparedness Team for immediate action/control measures. An all-time functional
alert system needs to be generated to alert the authority whenever such a situation
arises. This will help detect an epidemic at its early stage. Since timely intervention
can reduce the damaging effect of an epidemic to a great extent, detection of an
epidemic at its early onset is of utmost importance.

4.2.4 Early and prompt action for containment of epidemic immediately on
detection

On receiving information, the epidemic investigation team must move to the
spot immediately to verify the existence and magnitude of problem. Steps are
needed initially towards controlling epidemic with verification of diagnosis and
confirmation of epidemic. Diagnosis may be confirmed by isolating organism
from the biological samples collected from the few cases from the affected area. If
necessary, required assistance from a nearby laboratory may be sought for isolation
of organism and confirmation of diagnosis with the help of microbiologist/virolo-
gist present in the epidemic investigation team. Confirmation of epidemic is done
by comparing data of present situation with that of previous years. If it is clearly in
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excess (>2 standard Deviation of average number of cases of previous 3 years), epi-
demic is confirmed. Once epidemic is confirmed, rapid searching of cases is needed
by house to house visit through health workers for further management. While
visiting houses and identifying cases, relevant information is collected using a
relevant questionnaire to assess the possible source of infection. Once the source(s)
are identified, every attempt is to be made to break the chain of transmission, so
that epidemic starts to subside. Searching of more number of cases should continue
in the community till cases cease to occur. Whenever new cases are identified, they
need referral to appropriate health centre for further management. Disposal of
infectious material must be taken care of to avoid further spread.

4.2.5 Development of suitable strategy based on felt needs

An important action is making the community aware about the disease, its preven-
tion measures, dos and don'ts, etc. Handling the media is an important aspect since
rumours about the disease cause unnecessary panic. Epidemic team members will
remain at the spot till epidemic subsides with regular communication to their coordi-
nation centre and higher management authority for necessary guidance and support.

4.3 Diagnostics, therapeutics and prophylactics using biotechnology for control
of COVID 19

COVID 19 pandemic is complex problem, which needs trans-disciplinary
studies. The development of medical biotechnology to produce pharmaceutical
and diagnostic products is a need, which needs close collaboration with other disci-
plines. It should be emphasised that it has been clear that coronaviruses know no
borders; therefore, border-less solutions are needed to fight COVID-19. Hopefully
the lessons we learned from SARS-CoV-2 will help us to prevent possible pandemic
in the near future. Regarding development of diagnostics, one of the crucial
factors for control of epidemic is rapid and reliable detection of infected cases
with some indication about assessment of its infectivity, if possible. A number of
experts across the world have been trying to develop various kits, various machines
for use of those kits for detection of causal organisms using various principles
of biotechnology. Certain aspects need to be considered while developing kits &
related items such as test results must have high sensitivity and high specificity
apart from low cost, less time taken, user friendly technique that can be used by
peripheral health workers without much fuss. Similarly, in therapeutics, one needs
to develop low cost and efficacious drugs or other intervention agents targeting
virus entry in the body, multiplication and rapid clearance from the body with
minimum side effects.

Since it has been established that viral load is an important determinant for
transmission of COVID 19 in the community, hence viral load may be considered
an important factor of infectivity. Hence, rapid antigen detection kits that are
being developed by various agencies for detection of COVID 19 may contain some
indicator for assessing viral load or infectivity. Thanks to biotechnology, addition
of indicators is possible and innovators must make sincere efforts towards that as it
would help better control of epidemic caused by COVID 19, which was observed in
Ahmedabad COVID control model.

4.3.1 Immunity

Following a natural infection, immunity develops through a series of pro-
cesses that typically takes some time over 1 - 2 week. Human body normally
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responds to a viral infection immediately with a non-specific innate response

in which macrophages, neutrophils, and dendritic cells slow the progress of
virus and may even prevent it from causing symptoms. Non-specific response
of this kind is usually followed by an adaptive response where the body makes
antibodies that specifically bind to the virus. These antibodies are proteins called
immunoglobulins. This is known as humoral immunity and B cells of our body
are responsible for this process. Human body also makes another groups of cells
called T-cells that recognise and eliminate other cells infected with the virus.
This is called cellular immunity. Following this, virus may be cleared from the
body by combined adaptive response, and if the response is strong enough,

may prevent progression to severe illness or re-infection by the same virus.

This process is often measured by the presence of antibodies in blood [27]. If a
sizable portion of the community population (60 — 70% or more) get infected
with COVID 19 infection, it is expected that most of them will develop antibody
against COVID 19 infection. Some of the so called uninfected population will
also develop antibody against COVID 19 virus, most likely due to subclinical

or asymptomatic infection. If their antibody is able to prevent reinfection, it is
known as herd immunity or community acquired immunity. Since the disease

is new, community-based sero-survey for COVID 19 antibody and its titre can
only tell us with certainty whether it is protective against reinfection or not.
Similarly, if the cohort is followed up longitudinally with repeated sero-surveys
for assessment of antibody titre, duration of protection would be ascertained. It
is interesting to know that some of the naturally infected persons do not develop
antibody following COVID infection.

4.3.2 Vaccination against COVID 19 Infection

Vaccination is a powerful tool for prevention/control of an epidemic provided
it is safe, having a high protective efficacy and given in appropriate time. It is
usually used for primary prevention which means it needs to be given before
exposure to the infectious agent and occurrence of the disease. Across the world,
several types of vaccines are being developed with the hope of combating the
COVID-19 pandemic. Yet all the vaccines have the same primary impact - they
stimulate the immunity system of the vaccinated individuals to grow memory
B cells and T cells against the SARS-CoV-2 virus. These very memory B-cells
and T-cells will protect the individuals against subsequent and serious Covid-19
infections.

Vaccination with the first dose will mimic a primary immune response similar
to that of being exposed to the virus for the very first time. Mild symptoms of
the infection may appear as the immune system gradually develops antibodies
against the virus concerned. As aresult, if the person is exposed to the virus again
or if the subject receives a second dose of vaccine, his or her immunity will flare
up and develop what we call a secondary immune response. Initial memory cells
get activated. This secondary immune response is faster and much stronger when
compared to that of the primary response. This manifests as elevated concentra-
tions of antibodies and higher counts of T-cells. These together help in getting rid
of the virus rapidly and thereby prevent occurrence of symptoms, severity and
morbidity related to Covid-19. The individual, thus will have more memory B and
T cells generated in his or her body; therefore, will have strong immune memory of
the Covid-19 virus. It is this immune memory of the individual that will help him or
her battle against the infection.

Vaccination and immunity development can be categorised into two types:
ACTIVE IMMUNITY and PASSIVE IMMUNITY.
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4.3.2.1 ACTIVE immunity

DNA Vaccines, RNA Vaccines, Viral Vectors, Viral Sub-units, Live Attenuated,
Inactivated Virus, VLP or Virus-Like Particles, Split Virus Vaccines, RNP
(Ribonucleoprotein) Vaccines.

4.3.2.2 PASSIVE Immunity

Antibodies (MONOCLONAL and POLYCLONAL), Convalescent Serum, mRNA
induced Antibody.

Considering the chaos and the panic this pandemic has ensued, developing
vaccines and immunising the population as soon as possible, is of immense impor-
tance - especially folks belonging to high risk groups, vulnerable groups and pockets
that have been badly affected by this infection. This would help contain the disease
and reduce not only spreading of the infection but also the morbidity and mortality
associated with it. Thus vaccines happen to be an important tool in public health
control of pandemic and epidemic. Substantial research is being undertaken to
develop effective vaccines that would help check the disease spread adequately.

Since in a highly populous country or in resource poor setting, availability of
vaccines may not be adequate compared to its number of recipients, particularly in
the beginning, certain categories of people may be considered for immunisation on
priority basis depending on country’s situation:

a.Health care personnel

b.Essential workers such as law & order maintenance workers (police personnel)
c. Patients with comorbidities like Diabetes, Hypertension, Bronchial Asthma
d.Subjects over the age of 65 years

e. Street residents and slum dwellers

Manufacturing agency such as PFIZER and MODERNA have been working to
develop mRNA Covid-19 vaccines where genetically sequenced spike proteins of
COVID 19 virus is injected in body as vaccine and molecules of the virus’ messenger
RNA will be recognised and targeted by our immune systems as the antigen. Then
the immunity system will get triggered enough to produce antibodies against the
said virus [28].

Serum Institute of India, Pune has teamed up with British-Swedish OXFORD-
ASTRAZENECA to launch COVISHIELD in India. It is a viral vector vaccine where
viruses are being modified to hold the target pathogen and then these modified
organisms are administered via the vaccines. These in the human body, will initiate
and develop immunity against covid-19. Chimpanzee Adenovirus is being used to
deliver the corona virus antigen in this SII vaccine. Participant enrolment and vac-
cination of Phase III Human Clinical Trial COMPLETED [29].

COVAXIN - Whole-Virion Inactivated SARS-CoV-2 Vaccine (BBV152) is India’s
indigenous Covid-19 vaccine and is being developed by India based manufacturing
agency, BHARAT BIOTECH, in collaboration with ICMR - National Institute of
Virology, Government of India. It is in its Phase III Human Clinical Trial. ZyCoV-D
is a plasmid DNA vaccine being developed by ZYDUS CADILA, another Indian
manufacturing agency and is on its Phase II Human Clinical Trial [29].
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SPUTNIK V - DR. REDDY’S LABORATORIES LIMITED [Russian and Indian
collaboration] and SPUTNIK LLC are jointly conducting Phase II Human Clinical
Trial to assess safety and immunogenicity of Gam-COVID-Vac combined vector
vaccine [29].

Biological E. Limited has developed a vaccine and is conducting studies to assess
the safety, reactogenicity and immunogenicity of the vaccine containing Receptor
Binding Domain of SARS-CoV-2 for protection against Covid-19 disease when
administered to healthy volunteers on days 0 and 28, intramuscularly [29].

COVISHIELD has demonstrated efficacy of 70.4% against symptomatic Covid-
19 and 100% efficacy against hospitalisation due to severe Covid-19. The Sputnik
vaccine has demonstrated 92% efficacy. According to FDA, the Moderna vaccine
was 94.1% effective at preventing symptomatic cases. The Pfizer vaccine has
claimed 95% effectiveness.

The mentioned vaccines have undergone/are undergoing immunogenicity,
efficacy and safety trials in 18 Years and above and hence will be allowed to be used
in adults under “Emergency Use Authorisation.” Only Pfizer’s vaccine was autho-
rised for people ages 16 and up in USA. Trials are underway for age group 12-18 and
in due course of time the vaccines may be allowed to be used in this age group. Also
no conclusive study in pregnant women have been conducted - so safety during
pregnancy cannot be ascertained yet. Since surveys have not been conducted to
establish the need or the lack of need for vaccines in individuals who already have
had the disease, these recovered individuals may be considered last for vaccination.

As seen till now, one would require to get two shots of the same vaccine -

0.5 ml each dose, to attain a desired level of protection. The 2 doses Moderna and
Covishield are to be taken 28 days apart while the 2 doses of Pfizer and Sputnik V
are to be taken 21 days apart. Usually it takes about 14 days for the antibody forma-
tion but the mRNA vaccine of Pfizer has demonstrated response as early as 10 days
after the 1st dose. One should remember two shots of the vaccine is not enough to
protect one completely. Covid-19 is a brand new disease; the scientists, doctors,
society and humankind are all learning more about it as days pass by. A vaccinated
person most likely will not develop the disease or be severely ill but he may get
infected if hand hygiene, respiratory hygiene, physical distancing and proper mask
usage are not maintained. And if infected, chances of him spreading the infection
will increase manifold. Therefore, it is important to follow the rules of the new
normal even after vaccination.

4.4 Research to explore effective mechanisms to contain at an affordable cost

More operational and translational research works are needed to explore alter-
native control mechanisms such as newer diagnostics, therapeutic and prophylactic
agents at an affordable cost. We also need to have various environmental measures
where virus does not survive or virus transmission chain could be broken using
bio-technology principles. Personal protective devices such face masks, various
hand hygiene devices, disinfection devices may be made using novel techniques
without major health hazards based on bio-technology principles. Disposal of used
face masks, many of which are made of synthetic/non-bio-degradable materials is
a threat to our environment. Hence suitable material that are bio-degradable and at
the same time protects from virus without hampering oxygen supply to our body
should be thought of. Suitable disinfection devices for disinfecting used non-
disposable/re-usable items of health care personnel is needed particularly for rural
health system of developing countries. Mobile van fitted with disinfection devices
using engineering expertise along with bio-technology skill could be helpful as it
could cover a number of health centres in a day for disinfecting their used items.
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Necessity is the mother of invention — appears to be true as it is observed that many
medical, engineering and bio-technology students are coming up with brilliant and
innovative ideas for interrupting COVID virus transmission. Innovations of this
kind must be encouraged.

5. Suggested measures for controlling an epidemic of COVID 19

One needs to understand about how an imported epidemic starts and progresses
its course as time passes by. Based on our understanding it may be categorised as:

1. Stage I: Imported transmission - Initially cases occur only in people return
from foreign countries, foreign visitors came to a country for business or tour-
ism purpose etc. and their contacts.

2.Stage II: Cluster transmission — The disease spreads from above infected group
to nearby local population usually confined to smaller geographic area where
source of infection is by and large traceable.

3. Stage III: Community transmission — A large number of people are infected
simultaneously in different parts of the area within a large geographic area and
where source of infection is not identifiable for a large section of population

4.Stage IV: Declined and low level transmission —- When epidemic curve declines
after reaching plateau but cases still continue to occur in areas at much lower
level involving relatively fewer populations.

It may be noted that incubation period of COVID 19 infection ranges between 2
to 14 days with an average incubation period of 5-7 days. Maximum colonisation of
virus occurs in oropharynx and naso-pharynx on second or third day from the onset
of symptoms of an infected person. Hence maximum chance of transmission of
virus from an infected person in his/her early days following development of symp-
toms. As a result, chance of transmission is relatively higher following detection by
RT-PCR (considering the fact that patient usually comes on second day following
onset of symptoms), when there is an opportunity of intervention. If that opportu-
nity is missed, infection will keep on spreading in nearby population. On the other
hand, it is easily understood that an epidemic is easy to control if it is detected early
when very few people are affected. In the event of any delay in detection and/or
lack of required intervention at the beginning due to any reason, the community/
country needs to pay a heavy price for that. COVID 19 epidemic is the best example
of it in recent time. Apart from direct consequences of high morbidity and mortal-
ity, indirect consequences are havoc such as downfall of country’s economy, loss of
jobs, loss of wages, poverty, starvation leading to malnutrition, increase of mental
diseases etc. It may be kept in mind that because of high global population move-
ment, any infectious disease with pandemic or high epidemic potential, it may
spread to people of other parts of the world with the passage to time unless strict
vigilance and control activities are undertaken rigidly.

COVID-19 test detects genetic material of the virus using a laboratory technique
called real time RT-PCR reaction (Real-Time Reverse Transcription — Polymerase
Chain Reaction). RT-PCR testing can tell us whether there is a detectable virus
present in an individual. Still, it does not accurately tell us whether that individual
is infectious or is capable of spreading the disease. Cell culture is the standard
technique for determining whether a patient is contagious or not. In the absence of
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viral culture data, one can use viral load or cycle threshold (Ct) values derived from
RT-PCR as a proxy for the likelihood of transmission. RT-PCR is a sensitive tech-
nique for mRNA detection and quantification currently available. It is a laboratory
technique facilitating reverse transcription of RNA into DNA and amplification of
specific DNA targets using polymerase chain reaction (PCR). It primarily wants to
measure the quantity of a selected RNA. This is achieved by the amplification reac-
tion using fluorescence, a way called real-time PCR or quantitative PCR (qPCR).
Combined RT-PCR and qPCR are routinely used for analysis of organic phenom-
enon and quantification of viral RNA in research and clinical settings. Compared to
the two other commonly used techniques for quantifying mRNA levels, Northern
blot analysis and RNase protection assay, RT-PCR wants to quantify mRNA levels
from much smaller samples. In fact, this system is sensitive enough to enable quan-
titation of RNA even from one cell. In a real time PCR assay a positive reaction is
detected by accumulation of a fluorescent signal. The Ct (cycle threshold) is defined
as the number of amplification cycles required for the fluorescent signal to cross
the limit (i.e. exceeds set detection level). In other words, The Ct is the number of
replication cycles required for a signal of RT-PCR product to cross a determined
threshold. Ct values are inversely proportional to the quantity of target nucleic acid
within the sample (i.e. the lower the Ct level the greater the quantity of targeted
nucleic acid within the sample).

Considering above, it appears with reasonable certainty that viral load during
early infection is an important determinant for transmission in the community by
various routes including fomites based transmission. If viral load is high, chance of
transmission is higher among nearby susceptible population with lack of proper pre-
caution. Medical fraternity caring COVID 19 patients must take it seriously as many
of the patients attended by them are with higher viral load with increased transmis-
sion potential and any lapse of precautionary measures on their part would make
many of them infected as was observed in several countries. It is understood that
virus multiplication occurs within first few days inside the body of an infected per-
son. Antiviral agents such as Remdesevir may be beneficial not only for the patients
but also for the attending health care personnel as it helps in reducing transmission
to them by reducing viral load if given early in the disease. It is understood that there
is hardly any benefit if anti-viral agents are given in late phase of the disease.

It is now evident that magnitude of viral load may be obtained easily from
RT-PCR test of a COVID 19 positive case without any extra cost. More the cycle
threshold (Ct) value, lower is the viral load (inversely related). Similarly, lower is
the Ct value, higher is the viral load. Any Ct value of 35 and higher is considered as
non-infectious although infected. Similarly, Ct value of 20 or below may be con-
sidered as highly infectious with higher transmission potential. Recently a number
of qualitative COVID 19 detection kits are available in the market (such as rapid
antigen detection kit) that does not indicate Ct value based viral load. Further stud-
ies are required to add viral load assessing facility in those rapid antigen detection
kits for assessing infectivity of an infected case. Apart from viral load, it is now
obvious that transmission will occur if favourable conditions are available such lack
of protection measures, population density, population mobility, lack of awareness
about the disease etc. So, mass awareness is an essential component of any public
health control measures.

It is a fact that many countries in the world do not have an effective public
health infrastructure such as required number of doctors, nurses, field workers,
health technicians etc. as per WHO set guidelines, required number of various
tiers of health establishments such as primary. Secondary and tertiary level of
health establishments, diagnostics facilities, cold chain maintenance facilities and
epidemic/infection control policy & strategies etc. Unless proper logistics supports
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are available, vaccination is not possible even if it is made available. Hence, preven-
tion of occurrence of cases much before it turns to an epidemic proportion should
be a better choice. Appropriate infection control policy with an effective infection
control strategy must be made available with experienced public health experts.

To summarise, COVID control strategies may include (based on already
established evidence) the followings:

1. Viral load indicated by Ct value could be used as an indicator of infectiousness
of an infected person. Cases with high and moderate viral load must be kept
away from the family/community even if they are asymptomatic or mildly
symptomatic to avoid further transmission particularly in under-privileged
areas, rural and slum areas.

2. Ctvalue based segregation identifying higher infectious cases along with
contact tracing of them of previous 5 days appears to be an effective strategy as
was observed in Ahmedabad Covid 19 infection Control programme.

3. Health care workers need to know their patients’ Ct value on admission to
hospital/health centre to enable them to remain more careful about the
transmission potential of patients.

4. Effective implementation of it in primary health care set up would better
utilise country’s rural public health infrastructure.

5. Asymptomatic and mild symptomatic cases with low viral load may be kept at
home with standard precaution.

6.Moderate and severe symptomatic cases need to be referred to Covid hospital
for further management.

Home quarantine for cases with higher viral load is expected to facilitate intra-
familial transmission of COVID 19 cases in other family members, hence it is not
suggested. On the other hand, same with low viral load may be quarantined at home
with standard physical distancing, hand hygiene and face mask. Presently COVID 19
epidemic is largely concentrated on cities & urban areas that are gradually approach-
ing towards semi-urban/rural areas through population movement. More number
of rural population are expected to become infected in coming days since 60 to 70%
of developing country’s population reside in villages. Considering above, primary
health care physicians must prepare themselves on Ct value-based segregation of
COVID 19 infected cases with contact tracing of cases with high & moderate viral
load of previous five days to reduce transmission of cases in the community. This will
also reduce hospitalisation of cases & deaths and help improving bed availability,
thereby better utilisation of public health infrastructure would be possible. Extensive
community awareness about prevention & control of COVID 19 infection along with
role of viral load. Ct value is essential for that. One needs to remember that success of
Ct value based segregation will largely depend on dedication and motivation of grass
root level field workers. If they work sincerely with supportive supervision by their
immediate supervisors and higher leaders, cases are expected to decline soon, lead-
ing to control of epidemic. Proper training of various categories of health workers
as well as logistic support must be in place. Moderate to severe symptomatic persons
need to be referred to nearby hospital/health centre for management of COVID 19
infection. Asymptomatic and mild symptomatic may be sent to home or institutional
quarantine as per their reported viral load as mentioned already.
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We need to understand that to control an epidemic with high transmission
potential such as COVID 19, multiple strategy based attacks are needed to break the
all possible transmission chains. Vaccines whenever possible must be considered
in addition to other public health measures. Safety & protective efficacy must be
assured of a vaccine before going for mass vaccination in a community. Since the
disease is new and vaccine(s) are also new, continuous monitoring & supervision of
the recipients of vaccines are needed. Cases with vaccines failure must be identified
early for their alternative protection against this disease. Detailed epidemiological
information may be collected about possible factor/s that are associated with vac-
cine failure. Since, COVID 19 is originated from RNA virus, frequent genetic muta-
tion is possible over a period with consequent changes of its virulence and also its
epidemic transmission potential. Herd immunity may be another important factor
that develops from earlier infection or due to vaccination to a section of population
of the community. Monitoring of above issues from time to time will be helpful for
taking a judicious decision about vaccination strategy for a particular community. It
may also be noted that most epidemics undergo a natural decline as time passes by,
irrespective of intervention measures undertaken or not. That does not mean that
intervention is not important as delay in intervention measure increases morbidity
and mortality. Last but not the least, there is no single strategy or a straight forward
pathway to control the epidemic. Rather it is a diversified and complex mechanism
which is based on various situations and interplay of agent, host and environmental
factors. A judicious planning, timely intervention and efficient management with
required logistic support services can reduce human sufferings to a great extent.

Lastly, it was observed that an overall 35% (21 out of 60) asymptomatic infected
cases got detected while doing contact tracing in a community based study in
western India (unpublished data). The magnitude of asymptomatic cases was
higher with cases of low viral load (46.6%), whereas it was about 20% with cases of
high viral load. Asymptomatic cases of higher viral load would spread the disease
at higher rate, similar to that of symptomatic cases. Hence, precautionary measures
such as hand hygiene, face mask, physical distancing etc. are extremely important
and required to be practiced by all considering the fact that everyone around us is
potentially infected and could transmit the disease. So, community people need to
be educated about transmissibility of asymptomatic infection and about ways of its
prevention. Similarly, awareness about safe disposal of their used items considering
the possibility of transmission from them is equally important too.

6. Continuous vigilance for variant of mutant strain of COVID 19 if any

Recently, mutation of SarsCov2, namely N501Y, has been reported in the
United Kingdom and linking it to further increased transmissibility. It is a matter
of great concern, especially at a time when the emergence of vaccines has brought
joy and expectation for the mass population. The new UK strain designated as
VUI2020/12/01 (variant under investigation, year 2020, month 12, variant type 01)
has recorded over 20 mutations, mostly silent, causing no change in the protein.
Biologically, mutations represent steps in virus evolution under selection pressure
of the host immunity. Scientists view these as a process evolved by the virus to
escape immunity or to enhance transmissibility. As the virus replicates, mutations
happen in its genes continually through a process called “antigenic drift”, causing
minor changes in the surface protein. However, changes of this kind could accumu-
late over time, and result in newer viruses that could become antigenically differ-
ent such that the existing antibodies mounted by the host immune system to the
original virus fail to recognise and neutralise them [30].
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Scientists wish to have the answer about mechanism of these mutations and
whether there is a role for host immunity in driving them? More importantly, could
antibody treatment or other therapies have an influence in the process? The preprint
of a recently submitted paper to medRxiv portal by the group in Cambridge, UK,
led by Dr. Ravinder Gupta, has focused exactly on these issues [31]. The above study
is based on a single case report of an immune compromised individual with chronic
SARSCoV-2 infection, lasting over 100 days and treated with three units of conva-
lescent plasma, two on day 65 and one on day 95 in an effort to neutralise the virus
and treat the chronic infection. The virus was detectable in all his nasal swab samples
collected at least 23 times over a period of 101 days, despite the plasma therapy. The
authors investigated the SARS-CoV-2 evolution and found important changes in
its genome caused by two new mutations in the spike protein, one a deletion of AA
Histidine and Valine at positions 69 and 70 and, two, one AA replacement at posi-
tion 796 (D796H). The authors state that while the two mutations did not increase
infectivity of the virus, these might have been responsible for decreased sensitivity
of the patient to convalescent therapy. Since it is a single case report, the results
of the study is not generalizable. But, it raises an important issue of generation of
“escape mutants” of the virus in patients with persistent infection. The virus escaped
attack by neutralising antibodies present in the convalescent plasma. Continuous
vigilance of such newer strains is needed particularly for both their transmissibility
and potential to evade vaccine-mediated immunity. The emergence of new mutants
of the coronavirus further emphasises the need for observing infection-control
practices even more strictly and until the protective herd immunity is developed.

Epidemiologically, continuous collection of pertinent information is required
to look for evolution of any variant or mutant strains over a period particularly
with higher virulence and more destructing effect to human. Investigation facili-
ties such as ability to perform genetic sequencing for matching newer strain with
original virus is needed to identify them. It is obvious that earlier the detection,
better actions to control the epidemic is possible. Finally, we wish to conclude that
Ahmedabad COVID Control Model appears to be an important evidence in docu-
menting the purpose of this chapter [32].
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Chapter 3

Whole Genome Sequencing: A
Powerful Tool for Understanding
the Diversity of Genotypes and
Phenotypes among COVID-19
Infected Patients to Help in
Controlling Outbreaks

Rayan A. Ahmed

Abstract

In Wuhan, China (December 2019), viral pneumonia cases of uncertain origin
have been reported. The emergency has drawn global attention. To determine the
pathogenic potential, joint efforts were conducted by Chinese Multidisciplinary
Task Forces. An integral component of wide range of research applications is not
only determining the causative agent but also the nucleic acid bases order in bio-
logical samples. Research techniques determining genetic material features and its
order is called “sequencing”, classified into three generations. Moreover, the first
sequencing attempt was conducted and a genetic link identified between samples
isolated from China and other previously sequenced Coronaviruses. However, there
was patient to patient diversity in terms of clinical and laboratory manifestations
and diseases severity. After the genetic material of the causative agent was success-
fully sequenced, it was named the novel coronavirus causing COVID-19. Here, we
review the genome sequences of novel coronavirus infected patients from different
countries such as India, Bangladesh and Ecuador compared to China (first reported
case), seeking not only to recognize similarities and differences between genome
sequences of novel coronavirus, but also to compare them with other forms of coro-
naviruses family. Utilizing this data will assist in making right decisions minimizing
negative consequences of the outbreak.

Keywords: whole genome sequencing (WGS), sequencing, sequencer genotype,
phenotype, novel-coronaviruse, SARS-CoV-2, COVID-19

1. Introduction

A number of viral pneumonia cases of uncertain origin arose in late of
December 2019 (Wuhan, Hubei Province of China). These cases have gained
public attention and considered an emergency. The Public Health Emergency
of International Concern and the World Health Organization (WHO) have
declared “epidemic” [1]. Thereafter, the Multidisciplinary Task Forces under the
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organization of the National Health Commission of the People’s Republic of China
undertook collective efforts to define the causative agent. At the beginning, a group
of researchers from the Chinese Academy of Medical Sciences has announced their
study on the causative agent identification. Basically, they conducted a metage-
nomic study of specimens of the respiratory tract collected from five patients who
had pneumonia. After they have successfully isolated the virus and carried out the
genomic sequencing, the results have revealed that it belongs to the beta-coronavirus
family [1, 2].

In more details, the results from their project showed that the genomic analysis
of the specimens have approximately 79 percent homology to the Acute Respiratory
Syndrome (SARS) Coronavirus (SARS-CoV) genome, approximately 52 percent
similarity to the Middle East Respiratory Syndrome Coronavirus (MERS-CoV),
and approximately 87 percent similarity to two bat-derived SARS-like coronavirus
genomes (Zhoushan, 2015) [2]. Likewise, identical findings were published by a
team from the Chinese Center for Disease Control and Prevention [3]. Such proof,
the isolated virus was proposed to be a novel coronavirus and this novel coronavirus
later dubbed the novel coronavirus 2019 (nCoV 2019), quickly recognized by the
WHO as the pathogen accountable for this transmissible illness [1].

2. Sequencing

The arrangement of nucleic acids inside the chains of polynucleotides provides
the details of inherited and biochemical characteristics of life. Determining the
order of nucleic acid sequences in biomolecules is a crucial part of a wide range of
research applications. Huge numbers of researchers have spent the last fifty years
developing technological approaches to simplify sequencing of (DNA and RNA)
molecules. During this time span, significant changes were being seen ranging
from short to very long oligonucleotide sequencing, from struggling to deduct
a single gene’s coding sequence to quick and widely available sequencing of the
whole genome [1]. In this section we will go over the several generations of the
nucleic acids sequencing indicting the major discoveries, impact of researchers
and the major characteristics of (first, second and third) generations sequencing
technology.

2.1 First-generation nucleic acids sequencing

James D. Watson and Francis H.C. Crick are two scientists who were able to
discover the three-dimensional structure of DNA (1953). Watson and Crick were
working on crystallographic data provided by Maurice and Rosalind Franklin
Wilkins, contributed to both DNA replication conceptual frameworks and the
transcription of proteins in the nucleic acids. However, reading the sequence is
not achieved yet [1, 2]. The initial efforts were concentrated on sequencing RNA
molecule which is not as complicated as the DNA molecule.

Frederick Sanger said “knowledge of sequences could contribute much to our
understanding of living matter.” In a collaboration with other scientists, Sanger was
able to create a new technology based on the determination of radiolabeled partial-
digestion fragments after two-dimensional fractionation (1965) [3], allowing
the scientists to continuously build on the growing pool of RNA (ribosomal and
transfer) sequences [4-8]. In the same year, Robert Holley and colleagues gener-
ated, for the first time, the whole nucleic acid sequence of alanine transfer RNA
isolated from Saccharomyces cerevisiae [9]. Utilizing these techniques enabled Walter
Fiers and colleagues, in the period of 1972-1976, to produce the first complete
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protein coding gene sequence and then the whole genome of bacteriophage MS2
[10, 11]. In the mid of seventies, a strong impact was produced to get much greater
resolution by replacing two steps two-dimensional fractionation with one step as
single electrophoresis separation through polyacrylamide gel (considered the birth
of 1st generation) [3, 12, 13]. Using this procedure, in 1977, Sanger and colleagues
were able for the first time to sequence the bacteriophage X174 or (PhiX) genetic
material, becoming a positive control in sequencing genome laboratories [14]. In
the same year, establishment of Sanger’s “chain-termination” or dideoxy method
produced a huge advancement in DNA sequencing technology [15]. Subsequently,
tremendous efforts were made to generate an automated DNA sequencing technol-
ogy and the first commercially available machine was made for sequencing the
highly complex species genome [1, 16-22].

One of the major drawbacks of the first-generation nucleic acids sequencing
machines is reading short base pairs below a kilo base (kb); however, scientists tried
to overcome this issue by techniques an example of which is Shotgun sequencing
method in which individual cloning and sequencing of two parts of DNA will be
carried out and then compiled into a long sequence [23, 24].

Nonetheless, many improvements were made to the sequencing of first-generation
nucleic acids that eventually ended with new dideoxy sequencers an example of
which is the ABI PRISM created by Applied Biosystems from Leroy Hood’s research.
This sequencer allowed hundreds of samples to be sequenced concurrently and was
used in the generating the first draft of Human Genome Project completed years
ahead of schedule [25-28].

2.2 Second-generation nucleic acids sequencing

The luminescent method for measuring pyrophosphate synthesis was the
starting point for the second generation of DNA sequencers. Basically, itis a
two-enzymes reaction where ATP sulphurylase converts pyrophosphate to ATP
as a luciferase substrate. Light generation is thus proportional to the amount of
pyrophosphate [29].

Pyrosequencing was later licensed to 454 Life Sciences, a Jonathan Rothburg-
founded biotechnology corporation, which grew into the first major successful
technology as a commercially available next-generation sequencing (NGS). The
454-sequence equipment, later bought via Roche, were a paradigm shift allowed
sequencing reactions to be mass parallelized, considerably raising the amount of
DNA sequenced in a single experiment [30].

The parallelization technique rises the yield of sequencing efforts by order of
magnitudes, enabling scientists to fully sequence a whole human genome belonging
to the developer of the DNA structure, James Watson, with much low-priced and
faster than a similar effort exerted by the team of DNA sequencing entrepreneur
Craig Venter exploitation Sanger sequencing method [31, 32]. The novel 454
machine, called the GS 20 later replaced by the 454 GS FLX which provides not only
better-quality data but also higher numeral of readings attributed to having more
wells in the pico-titer plate. Indeed, it was the first high-throughput sequencing
machine (HTS) broadly accessible to customers. Moreover, the concept of hav-
ing massive numbers of parallel sequencing reactions on a micrometer measure
improves microfabrication and high-resolution imaging and this is actually what
defined the second-generation of DNA sequencing [26, 33].

Furthermore, after the success of 454, there were several parallel sequencing
methods suddenly emerged. Arguably, the most vital one is the Solexa technique of
sequencing developed by Illumina [33]. The concept of this process based what they
call bridge amplification. Basically, adapter-bracketed DNA molecules are passed
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over a complementary oligonucleotide attached to a flow cell. Then a solid phase PCR
generates neighboring groups of clonal populations from each of the single original
flow cell attached to the DNA strands [34-36]. Moreover, the HiSeq has emerged
after the standard Genome Analyzer version (GAIIx). It is a machine characterized
by its ability to huger read length and depth of a sequence. Then, the MiSeq was
discovered. One of its drawbacks is having a lower-throughput. On the other hand, it
is the lower price, quicker turnaround and longer read length instrument [37, 38].

Analogously to 454 sequencing, beads containing cloned DNA fragment popu-
lations produced by an emPCR are washed over a pico-well plate proceeded by
each nucleotide in turn. Nevertheless, nucleotide integration is determined not by
the production of pyrophosphate; however, the alteration in pH produced by the
protons (H+ ions) production through polymerization facilitating a quick sequenc-
ing during the actual detection time [39, 40].

Alongside 454 and Solexa/Illumina, (SOLiD) system from Applied Biosystems
was the third major choice at the early time of second-generation sequencing. Its
sequencing concept is based on oligonucleotide ligation and detection. (SOLiD)
system turn out to be Life Technologies following merged with Invitrogen [41, 42].
Even though the SOLiD platform is unable to manufacture Illumina system read
length and depth and makes its assembly more difficult, it continued to be a cost-
competitive instrument [39, 43].

One more important sequencing which utilizes the ligation technology was the
DNA nanoballs method, in which sequences are similarly attained from probe-
ligation. However, the generation of clonal DNA population is innovative. Instead
of bead or bridge amplification, rolling circle amplification is used to produce
extended DNA chains comprising of repetition units of the template sequence
bordered by adapters. Then the sequence is self-assembled into nanoballs attached
to aslide in order to be sequenced [44].

Lastly, an outstanding sequencing system of the second-generation sequencing
is the one that Jonathan Rothburg created after leaving 454. It was the first so-called
post-light sequencing technology “Ion Torrent” (another Life Technologies prod-
uct), neither fluorescence nor luminescence is used in this technology [40].

The frequently mentioned “genomics revolution” has dramatically changed the
cost and effort accompanying with DNA sequencing guided in large part by these
extraordinary improvements in nucleotide sequencing technology. The Illumina
sequencing platform; however, has been the most effective and valuable in recent
years, and can therefore probably be considered having made the strongest impact
to the second-generation of DNA sequencers [45].

2.3 Third-generation nucleic acids sequencing

There were substantial arguments to characterize the various generations of
technology for DNA sequencing, particularly in regard to the division from the
second to the third generation. However, a suggestive distinguishing characteristic
of the third generation should be single molecule sequencing (SMS), real-time
sequencing, and simply deviated from the earlier technologies [46-49].

The first SMS technology was developed in Stephen Quake’s laboratory, later
marketed by Helicos BioSciences, and worked broadly like Illumina does, but
excluding bridge amplification step [50, 51]. Basically, the DNA templates are
linked to a planar surface and then deoxyribonucleotide triphosphate (ANTPs)
called virtual terminators, proprietary fluorescent reversible terminators [52].
Although it is relatively slow, costly and generating short reads, it was considered
the first technology enabling non-amplified DNA to be sequenced evading biases
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and mistakes that might occur. Other businesses picked up the third-generation
baton, as Helicos bankrupted early in 2012 [1, 46, 48]. Moreover, the most com-
monly used third-generation technology was possibly Pacific Biosciences single
molecule real time (SMRT) platform (PacBio range) [53]. In a very brief period of
time, this method sequences a single molecule. Some other beneficial features avail-
able in the PacBio range and not commonly shared by other commercially available
machines are producing kinetic data, which enables the detection of changed bases,
also capable of generating an extremely long read more than 10 kilo bases (KB)
suitable for de novo genome assemblies [46, 53, 54].

Nanopore sequencing, an offshoot of a giant field of utilizing nanopores for the
determination and quantification of all kinds of biological and chemical samples, is
perhaps the most waited for area to develop of the third-generation DNA sequenc-
ing [55]. For example, Oxford Nanopore Technologies (ONT), the first corporation
to deliver nanopore sequencers, created a lot of exuberance about their GridION
and MinION nanopore platforms [56, 57]. MinION nanopore platforms is small,
cell phone sized USB device, which was first launched in an early access trial in
2014 to end users [58]. In spite of the undoubtedly poor-quality data produced with
GridION and MinION nanopore platforms, it is wished that such sequencers reflect
an authentically disruptive DNA sequencing technology, delivering much cheaper,
faster and extremely elongated, not-amplified reads of sequence data than previ-
ously possible [55, 57, 59].

To sum up, the value of DNA sequencing for biological research is hardly to
overstate; however, it is the determination way of one of the vital features by which
our lives forms can be identified and distinguished from one another. Hence,
numerous investigators from all over the world have spent a countless time and
money over the last half century just to improve and enhance the technologies
of DNA sequencing and also to combine many features from different sequenc-
ers generations coming up with outstanding capabilities for new one. Using the
experience of all generations of sequencers will offer new perspectives for future
generations, as lessons learn from the prior generations guide the next generations’
development.

3. Coronaviridae family: structure and classification

Coronaviridae family members are large, enveloped, single-stranded positive-
sense RNA types of viruses. Their genomic material made up of nucleotide sets
ranging from 25 to 32 kb and the virus diameter varies from 118-136 nm [30, 60].
The virus is roughly spherical in shape and has obvious proteins on its cell mem-
brane such as the large spike (S) protein extended 16-21 nm from the virus enve-
lope, membrane protein (M-protein) plays a major role in promoting membrane
curvature, envelope protein (E-protein), in low quantity, and hemagglutinin-
esterase (HE) as shown in Figure 1 [27, 61].

Coronaviridae family divided into two subfamilies: the Coronavirinae and the
Torovirinae. Coronavirinae is categorized into four geniuses, alpha-coronavirus,
beta-coronavirus, gamma-corona-virus and delta-coronavirus. On the other hand,
Torovirinae has only one genus which is Torovirus. In contrast to Coronavirinae
subfamily, Toroviruses have a helical, doughnut-shaped nucleocapsid in their
structure. Unlike Toroviruses, Coronavirinae subfamily is prevalent among mam-
mals which cause mild respiratory illnesses such as Severe Acute Respiratory
Syndrome 1-2 (SARS-1-2) and Middle East Respiratory Syndrome (MERS) or
enteric infections [30, 64].
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Figure 1.

Structural features shared by Coronaviridae family.

4. Coronavirinae: severe acute respiratory syndrome-2 (SARS-2) and
corona virus disease-19 (COVID-19)

As mentioned before, Coronavirinae subfamily is categorized into four geniuses,
known as alpha-coronavirus, beta-coronavirus, gamma-coronavirus and delta-
coronavirus. The beta-coronavirus, in particular, has four lineages (A, B, C, and D)
[62]. The lineage B of beta-coronavirus has a subgenus known as Sarbrcovirus
under which SARS-CoV-2 goes [63]. Moreover, (novel coronavirus) or (Severe
Acute Respiratory Syndrome Coronavirus-2) (SARS-CoV-2) is known as the
causative microorganism associated with coronavirus disease-2019 (COVID-19).
COVID-19-suffered patients are manifested with respiratory illnesses examples of
which are pneumonia and breathing failure [61].

5. Country-wise genomic sequencing of SARS-CoV-2

Sequencing the genomic materials helps to discover the identity of the causative
microorganism. Continues sequencing of the genomic materials is essential to
discover changes that may happen during transcription and transmission process of
the microorganism genomic materials. Utilizing this information helps in studying
the nature of the causative agent whether it is altered or not and if these changes
help determine severity of the infection and making right decisions to reduce the
impact of the outbreak on several aspects of life consequently.

First of all, a case of pneumonia of unidentified cause has been registered in
China, Hubei Province, Wuhan City (December 2019). Additional evaluation for
these incidences was conducted to detect the pneumonia causal microorganism
[64, 65]. The isolated virus identified and named as (SARS-CoV-2) after genomic
characterization by next-generation sequencing (NGS) of the complete sequence
has been carried out [66]. The genomic analysis of the virus showed that it is an
enveloped RNA virus (sized of 29,903 bp). The phylogenetic sequence analysis
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displayed that the virus categorized under the subgenus Sarbecovirus of the genus
beta-coronavirus and to the Coronaviridae family. Moreover, it was found that
around 87.5 percent of genomic material was similar two bat-derived SARS-like CoV
strains (bat-SL-CoVZC45 and bat-SL-CoVZXC21) commonly affected humans,
including the virus that contributed to the outbreak of SARS-CoV-1 (2003) [62].

The Government of India has reviewed and introduced multi-sectoral initiatives
to address this emerging public health problem following the first SARS-CoV-2
study from China. They started with monitoring country boarders at 21 interna-
tional airports, strengthening state-level surveillance systems and preparedness
in designated hospitals for the management of clinical cases. The reported and
confirmed cases in India (January, 2020) were then sequenced (next-generation
sequencing). The phylogenic analysis, compared with other published SARS-CoV-2
sequence in the database, were carried out to monitor and understand their rela-
tionships. The sequences of two out the first three confirmed cases in India were
found to be high (about 99.98 percent) identity with Wuhan seafood market pneu-
monia virus (accession number: NC 045512). The phylogenetic analysis displayed
that there were two distinct introductions to India. Therefore, continuous surveil-
lance of the sequences and review shall be crucial to consider the genetic evolution
and substitution rates of SARS-CoV-2 from the affected countries [60].

In Bangladesh, the first three cases were detected (March, 2020). However, the
Bangladeshi complete genome sequence of novel coronavirus (SARS-CoV-2) isolate
was accomplished by Illumina iSeq100 sequencer (April, 2020). Findings from
these results showed that 9 mutations in the genome of this sample, compared to
the Wuhan strain, reference genome (GenBank accession no. MN908947.3) [67].

In Ecuador, the first reported cases of COVID-19, which was on March, 2020 for
atraveler came from Netherlands, and the three other confirmed cases were gnomi-
cally sequenced using the MinION platform (Oxford Nanopore Technologies)
and ARTIC network protocols respectively. Results from these studies showed
that the cases in Ecuador transmitted from three different European countries.

The sequences of the confirmed cases in Ecuador were found to have high simi-
larity (99.68 percent) with Wuhan strain reference case (GenBank accession
number MN908947). The information discussed in this section is summarized in
Table1 [68].

Numerous countries all over the world have also sequenced the viral genomic
material of confirmed COVID-19 cases and have compared their results with refer-
ence cases sequence in China such as Nepal, Australia, USA and Turkey etc.

Country Sequencer generation used for Sequence similarity (%)
analysis

China Next-Generation Sequencing 87.5% to bat-derived SARS-like CoV strains
(NGS)

India Next-Generation Sequencing About 99.98% to the Wuhan strain
(NGS)

Bangladesh Next-Generation Sequencing 9 mutations found compared to the Wuhan
(NGS) strain
-Illumina iSeq100 sequencer

Ecuador Third-Generation Sequencing 99.68% to the Wuhan strain
-MinION platform

Table 1.

Genomic analysis of COVID-19 confirmed cases from several countries.
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6. Precautions and control measures globally taken by governmental
authorities against COVID-19 outbreak

Several countries around the world have adopted precautionary and control
measures (either registered COVID-19 cases centuries or not). These listed actions
below, as examples, have been taken to avoid the introduction of SARS-CoV-2 to the
countries or to limit the spread of the virus:

* Stopping domestic and international flights.

» Shifting schools and colleges to remote learning and virtual classrooms from
in-person classes.

* Suspending all social and governmental gatherings and events.

* Activation online shopping and home delivery services for all shops and
markets.

* Compulsorily wearing masks and gloves and using hand sanitizers.
* Issuing a lockdown on city to city and country to country levels.
* Implementing mass vaccination program

In this section, we will shed some light on the mass vaccination approach and
logistics needed to implement such a program. In addition, its promising effects
could end the pandemic of COVID-19 will be discussed. Mass vaccination dur-
ing COVID-19 outbreaks or pandemics, against which (AstraZeneca, Moderna,
BioNTech and Sputink V) vaccines are recently marketed, is a possible crucial
public health intervention. The mass vaccination policy, as previously reported, was
an important countermeasure against many infectious diseases, such as polio and
smallpox [69]. Mass vaccination against COVID-19 is therefore an urgent option
for the current emergency and rapidly spreading SARS-CoV-2, eventually might
leading to herd immunity induction. The program is started with selection of the
most susceptible groups of population such as immunocompromised patients due to
underlying medical conditions and elderly people etc. [70].

In term of logistics, implementing this program requires huge mental and
physical efforts starting with vaccine and locations availability, vaccinators and the
unique roles and responsibilities taken by both private and public sectors partner-
ship [71]. On one hand, the private sector must warrant compliance with CDC
guidance and follow cold-chain management rules to ensure inoculation feasibil-
ity upon arrival, storage, and delivery [71]. On the other hand, the public sector
ensures cold-chain management and CDC guidance too; in addition, to fill the gaps
in delivery service particularly to those who live in nursing homes, assisted living
facilities, etc. Furthermore, a facility is a place where clinical staff stay and need
vaccine and consultation services to complete logistical requirements. Collectively,
the public health sector in support to the private sector entity provide consultation,
vaccinator training, and pandemic protocol guidance [71].

In fact, vaccine requests are more than certain to consume the resources available
and necessitate the marshaling of resources to meet need. COVID-19 vaccine clinics,
for example, include not only usual walk-through clinic sites at doctor’s offices,
pharmacies, departments of public health and big box stores, but also college
campuses, worship houses, drive-through, public centers, and outdoor camps [71].
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7. Conclusions

Even though the genetic diversity of SARS-CoV-2 is currently low, the combina-
tion of genetic, clinical, and epidemiological data is highly successful in generating
outbreak management action plans. Genetic information, in particular, aids in
tracking the viral introduction to countries, classifying the lineage of the ancestral
origin of the virus, and recognizing the pattern of population spread during the
outbreak. In addition, the information obtained from the genome sequencing tools
of the SARS-CoV-2 virus identifies rates of substitution (mutation) that occurred in
the viral genome.

Integration of genetic, clinical, and epidemiological information seems to be a
vital step to understand the SARS-CoV-2 (genotype and phenotype) and contribute
to the global landscape. The combination of this knowledge not only aids in deci-
sion-making process for the implementation of precautions and control measures,
but also to the comprehension of virulence and severity, transmissibility of virus
response to treatment, and effectiveness of vaccines for disease prevention.

Finally, it is doubtful that the current pandemic will be the last one, and it is
therefore important to strengthen the responsiveness of our public health systems
and to introduce and enhance ongoing scientific research programs combining
preclinical, clinical and epidemiological information.

Conflict of interest

The authors declare no conflict of interest.

Author details
Rayan A. Ahmed
Department of Pharmacology and Toxicology, College of Pharmacy,

Jazan University, Jizan, Kingdom of Saudi Arabia

*Address all correspondence to: rayanahmed @jazanu.edu.sa

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original worlk is properly cited. (=) XN

W ‘Biotechnology to Combat COVID-19’ is a collaborative project
\J with Biotechnology Kiosk

53



Biotechnology to Combat COVID-19

References

[1] Heather JM, Chain B. The sequence
of sequencers: The history of
sequencing DNA. Genomics [Internet].
2016;107(1):1-8. Available from: http://
dx.doi.org/10.1016/jygeno.2015.11.003

[2] Zallen DT. Despite Franklin’s
work, Wilkins earned his Nobel.
Nature. 2003.

[3] Sanger F, Brownlee GG, Barrell BG.
A two-dimensional fractionation
procedure for radioactive nucleotides. ]
Mol Biol. 1965;

[4] Brownlee GG, Sanger F. Nucleotide
sequences from the low molecular
weight ribosomal RNA of Escherichia
coli. ] Mol Biol. 1967;

[5] Cory S, Marcker KA, Dube SK,
Clark BFC. Primary structure of
a methionine transfer RNA from
Escherichia coli. Nature. 1968

[6] Dube SK, Marcker KA, Clark BFC,
Cory S. Nucleotide sequence of
N-formyl-methionyl-transfer RNA.
Nature. 1968;

[7]1 Goodman HM, Abelson J,

Landy A, Brenner S, Smith JD. Amber
suppression: A Nucleotide change in the
anticodon of a tyrosine transfer RNA.
Nature. 1968;

(8] Adams JM, Jeppesen PGN, Sanger F,
Barrell BG. Nucleotide sequence

from the coat protein cistron of R17
bacteriophage RNA. Nature. 1969;

[9] Holley RW, Apgar J, Everett GA,
Madison JT, Marquisee M, Merrill SH,
et al. Structure of a ribonucleic acid.
Science (80- ). 1965;

[10] Jou WM, Haegeman G, Ysebaert M,
Fiers W. Nucleotide sequence of the
gene coding for the bacteriophage MS2
coat protein. Nature. 1972;

54

[11] Fiers W, Contreras R, Duerinck F,
Haegeman G, Iserentant D,

Merregaert J, et al. Complete nucleotide
sequence of bacteriophage MS2 RNA:
Primary and secondary structure of the
replicase gene. Nature. 1976;

[12] Sanger F, Coulson AR. A rapid
method for determining sequences in
DNA by primed synthesis with DNA
polymerase. ] Mol Biol. 1975;

[13] Maxam AM, Gilbert W. A new
method for sequencing DNA. Proc Natl
Acad Sci U S A. 1977;

[14] Sanger F, Air GM, Barrell BG,
Brown NL, Coulson AR, Fiddes CA,
et al. Nucliotide sequence of
bacteriophage phi X174 DNA.
Nature. 1977;

[15] Sanger F, Nicklen S, Coulson AR.
DNA sequencing with chain-
terminating inhibitors. Proc Natl Acad
Sci U S A. 1977,

[16] Smith LM, Fung S,

Hunkapiller MW, Hunkapiller TJ,

Hood LE. The synthesis of
oligonucleotides containing an aliphatic
amino group at the 5" terminus:
Synthesis of fluorescent DNA primers
for use in DNA sequence analysis.
Nucleic Acids Res. 1985;

[17] Ansorge W, Sproat BS, Stegemann J,
Schwager C. A non-radioactive
automated method for DNA sequence
determination. ] Biochem Biophys
Methods. 1986;

[18] Ansorge W, Sproat B, Stegemann J,
Schwager C, Zenke M. Automated

DNA sequencing: Ultrasensitive
detection of fluorescent bands during
electrophoresis. Nucleic Acids Res. 1987;

[19] Kambara H, Nishikawa T,
Katayama Y, Yamaguchi T. Optimization



Whole Genome Sequencing: A Powerful Tool for Understanding the Diversity of Genotypes...

DOI: http://dx.doi.org/10.5772/intechopen.96260

of parameters in a DNA sequenator
using fluorescence detection. Bio/
Technology. 1988;

[20] Swerdlow H, Gesteland R. Capillary
gel electrophoresis for rapid, high
resolution DNA sequencing. Nucleic
Acids Res. 1990;

[21] Luckey JA, Drossman H,

Kostichka AJ, Mead DA, D’cunhaJ,
Norris TB, et al. High speed DNA
sequencing by capillary electrophoresis.
Nucleic Acids Res. 1990;

[22] Hunkapiller T, Kaiser RJ, Koop BF,
Hood L. Large-scale and automated
DNA sequence determination.
Science. 1991

[23] Staden R. A strategy of DNA
sequencing employing computer
programs. Nucleic Acids Res. 1979;

[24] Saiki RK, Scharf S, Faloona F,
Mullis KB, Horn GT, Erlich HA, et al.
Enzymatic amplification of p-globin
genomic sequences and restriction
site analysis for diagnosis of sickle cell
anemia. Science (80- ). 1985;

[25] Smith LM, Sanders JZ, Kaiser R],
Hughes P, Dodd C, Connell CR, et al.
Fluorescence detection in automated
DNA sequence analysis. Nature. 1986;

[26] Ansorge W]. Next-generation
DNA sequencing techniques. New
Biotechnology. 2009

[27] Lander ES, Linton LM, Birren B,
Nusbaum C, Zody MC, Baldwin J, et al.
Initial sequencing and analysis of the
human genome. Nature. 2001;

[28] Craig Venter ], Adams MD,

Myers EW, Li PW, Mural R], Sutton GG,
et al. The sequence of the human
genome. Science (80-).2001;

[29] Nyrén P, Lundin A. Enzymatic
method for continuous monitoring of

55

inorganic pyrophosphate synthesis.
Anal Biochem. 1985;

[30] Margulies M, Egholm M,

Altman WE, Attiya S, Bader JS,
Bemben LA, et al. Genome sequencing
in microfabricated high-density
picolitre reactors. Nature. 2005;

[31] Levy S, Sutton G, Ng PC, Feuk L,
Halpern AL, Walenz BP, et al. The
diploid genome sequence of an
individual human. PLoS Biol. 2007;

[32] Wheeler DA, Srinivasan M,

Egholm M, Shen Y, Chen L, McGuire A,
et al. The complete genome of an
individual by massively parallel DNA
sequencing. Nature. 2008;

[33] Voelkerding K V., Dames SA,
Durtschi JD. Next-generation
sequencing:from basic research to
diagnostics. Clinical Chemistry. 2009

[34] Shendure J, Ji H. Next-
generation DNA sequencing. Nature
Biotechnology. 2008

[35] Fedurco M, Romieu A, Williams S,
Lawrence I, Turcatti G. BTA, a novel
reagent for DNA attachment on glass
and efficient generation of solid-phase
amplified DNA colonies. Nucleic Acids
Res. 2006;

[36] Bentley DR, Balasubramanian S,
Swerdlow HP, Smith GP, Milton J,
Brown CG, et al. Accurate whole human
genome sequencing using reversible
terminator chemistry. Nature. 2008;

[37] Balasubramanian S. Sequencing
nucleic acids: From chemistry to
medicine. Chem Commun. 2011;

[38] Quail MA, Smith M, Coupland P,
Otto TD, Harris SR, Connor TR, et al. A
tale of three next generation sequencing
platforms: comparison of Ion Torrent,
Pacific Biosciences and Illumina MiSeq
sequencers. BMC Genomics. 2012;



Biotechnology to Combat COVID-19

[39] Glenn TC. Field guide to next-
generation DNA sequencers. Mol Ecol
Resour. 2011;

[40] Rothberg JM, Hinz W, Rearick TM,
Schultz J, Mileski W, Davey M,

et al. An integrated semiconductor
device enabling non-optical genome
sequencing. Nature. 2011;

[41] Luo C, Tsementzi D, Kyrpides N,
Read T, Konstantinidis KT. Direct
comparisons of Illumina vs. Roche 454
sequencing technologies on the same
microbial community DNA sample.
PLoS One. 2012;

[42] McKernan K]J, Peckham HE,
Costa GL, McLaughlin SF, Fu Y,
Tsung EF, et al. Sequence and structural
variation in a human genome uncovered
by short-read, massively parallel ligation

sequencing using two-base encoding.
Genome Res. 2009;

[43] Buermans HPJ, den Dunnen JT.
Next generation sequencing technology:
Advances and applications. Biochimica
et Biophysica Acta - Molecular Basis of
Disease. 2014

[44] Drmanac R, Sparks AB, Callow MJ,
Halpern AL, Burns NL, Kermani BG,
et al. Human genome sequencing using

unchained base reads on self-assembling
DNA nanoarrays. Science (80- ). 2010;

[45] Stein LD. The case for cloud
computing in genome informatics.
Genome Biology. 2010

[46] Schadt EE, Turner S, Kasarskis A.
A window into third-generation
sequencing. Hum Mol Genet. 2010;

[47] Niedringhaus TP, Milanova D,

Kerby MB, Snyder MP, Barron AE.
Landscape of next-generation sequencing
technologies. Analytical Chemistry. 2011

[48] Pareek CS, Smoczynski R,
Tretyn A. Sequencing technologies and

56

genome sequencing. Journal of Applied
Genetics. 2011

[49] Gut IG. New sequencing
technologies. Clin Transl Oncol. 2013;

[50] Braslavsky I, Hebert B, Kartalov E,
Quake SR. Sequence information can be
obtained from single DNA molecules.
Proc Natl Acad Sci U S A. 2003;

[51] Harris TD, Buzby PR, Babcock H,
Beer E, Bowers ], Braslavsky I, et al.
Single-molecule DNA sequencing of a
viral genome. Science (80- ). 2008;

[52] Bowers J, Mitchell ], Beer E,
Buzby PR, Causey M, Efcavitch JW,
et al. Virtual terminator nucleotides for

next-generation DNA sequencing. Nat
Methods. 2009;

[53] Thermes C. Ten years of next-
generation sequencing technology.
Trends in genetics : TIG. 2014

[54] Flusberg BA, Webster DR, Lee JH,
Travers K], Olivares EC, Clark TA, et al.
Direct detection of DNA methylation
during single-molecule, real-time
sequencing. Nat Methods. 2010;

[55] Haque F, Li ], Wu HC, Liang X],
Guo P. Solid-state and biological
nanopore for real-time sensing of single
chemical and sequencing of DNA. Nano
Today. 2013

[56] Clarke J, Wu HC, Jayasinghe L,
Patel A, Reid S, Bayley H. Continuous
base identification for single-molecule

nanopore DNA sequencing. Nat
Nanotechnol. 2009;

[57] Eisenstein M. Oxford Nanopore
announcement sets sequencing sector
abuzz. Nature Biotechnology. 2012

[58] Loman NJ, Quinlan AR. Poretools: A
toolkit for analyzing nanopore sequence
data. Bioinformatics. 2014;



Whole Genome Sequencing: A Powerful Tool for Understanding the Diversity of Genotypes...

DOI: http://dx.doi.org/10.5772/intechopen.96260

[59] Branton D, Deamer DW, Marziali A,
Bayley H, Benner SA, Butler T, et al. The
potential and challenges of nanopore

sequencing. Nature Biotechnology. 2008

[60] Yadav P, Potdar V, Choudhary M,
Nyayanit D, Agrawal M, Jadhav S, et al.
Full-genome sequences of the first two
SARS-CoV-2 viruses from India. Indian
] Med Res. 2020;

[61] Nomier YA, Rao DS, Suhaqi AH,
Ahmed RA. Distinctive therapeutic
strategies against Corona Virus-19
(COVID-19): A pharmacological review.
Syst Rev Pharm. 2020;11(9)

[62] Lu R, Zhao X, LiJ, Niu P,

Yang B, Wu H, et al. Genomic
characterisation and epidemiology of
2019 novel coronavirus: implications

for virus origins and receptor binding.
Lancet. 2020;

[63] Letko M, Marzi A, Munster V.
Functional assessment of cell entry and
receptor usage for SARS-CoV-2 and
other lineage B betacoronaviruses. Nat
Microbiol. 2020;

[64] Lu H, Stratton CW, Tang YW.
Outbreak of pneumonia of unknown
etiology in Wuhan, China: The mystery
and the miracle. Journal of Medical
Virology. 2020

[65] Chen N, Zhou M, Dong X, QuJ,
Gong F, Han Y, et al. Epidemiological
and clinical characteristics of 99 cases
of 2019 novel coronavirus pneumonia
in Wuhan, China: a descriptive study.
Lancet. 2020;

[66] Zhu N, Zhang D, Wang W,
LiX, Yang B, Song J, et al. A Novel
Coronavirus from Patients with
Pneumonia in China, 2019. N Engl ]
Med. 2020;

[67]1 Saha S, Malaker R, Sajib MSI,

Hasanuzzaman M, Rahman H,
Ahmed ZB, et al. Complete Genome

57

Sequence of a Novel Coronavirus
(SARS-CoV-2) Isolate from Bangladesh.
Microbiol Resour Announc. 2020;

[68] Marquez S, Prado-Vivar B,
Guadalupe JJ, Gutierrez Granja B,
Jibaja M, Tobar M, et al. Genome
sequencing of the first SARS-CoV-2
reported from patients with COVID-19
in Ecuador. medRxiv Prepr Serv Heal
Sci. 2020;

[69] Branton D, Deamer DW, Marziali A,
Bayley H, Benner SA, Butler T, et al. The
potential and challenges of nanopore

sequencing. Nature Biotechnology. 2008

[70] Frederiksen LSF, Zhang Y,

Foged C, Thakur A. The Long Road
Toward COVID-19 Herd Immunity:
Vaccine Platform Technologies and

Mass Immunization Strategies. Front
Immunol. 2020;11(July):1-26

[71] Russo T. Pandemic Policy and

the Logistics of COVID -19 Mass
Vaccination. Homel Secur Aff ]
[Internet]. 2020;16(13). Available from:
www.hsaj.org/articles16514






Section 2

Spike Protein Receptor
Epigenetic Regulation

59






Chapter 4

Glycan and Its Role in Combating
COVID-19

Swapan Kumar Chatterjee and Snigdha Saha

Abstract

Newly identified beta-coronavirus i.e. the 2019 novel coronavirus is associated
with a contagious transmittable respiratory disease called COVID-19. This disease
has been declared as a “pandemic” by the World Health Organization (WHO). The
entry of coronavirus in the human respiratory epithelial cells depends upon the
interaction between host cell receptor ACE2 and viral S-glycoprotein. However,
this type of molecular recognition in between cell surface receptors and envelope
glycoproteins are mediated by specific glycan epitopes and attribute to viral entry
through membrane fusion. Glycans are essential biomolecules made by all living
organisms, have roles in serving structure, energy storage, and system regulatory
purposes. The glycan shield plays a crucial role in concealing the surface S protein
from molecular recognition. The immunomodulatory properties of Glycan-binding
proteins (GBPs) like Lectins, build them as an attractive candidates for vaccine
adjuvant. Investigations involving the complement system activation by the lectin
pathway in COVID-19 and diseases are in need of the hour. The innate immune
response involving complement system could have varied biological effects against
an array of microbial infections. The advances in glycoprotein style methods
especially immunomodulatory action of some lectins are necessary to boost the
effectiveness of treatment of COVID-19 and other pandemics.

Keywords: Glycan, S-glycoprotein, ACE2 receptor, Glycan binding protein (GBP),
COVID-19

1. Introduction

A new virus called the 2019 novel coronavirus (an enveloped beta-coronavirus)
is identified in December 2019 and associated with a de novo contagious respiratory
disease. The coronavirus disease 2019 (COVID-19) has been declared as a “pan-
demic” by the World Health Organization (WHO). Previous reports have recog-
nized various human coronaviruses, like in 2003 SARS-CoV, in 2004 HCoVNL®63,
in 2005 HKU1, in 2012 MERS-CoV, and now in 2019 pathogenic SARS-CoV-2. In
humans, the effects of these viruses are correlated with severe respiratory tract
infections. COVID-19 disease has signs that are similar to a common cold. However,
this infection can lead to serious respiratory failure, as well as compromised and
harmful immune responses. Increased monocyte-neutrophil ratios and exacerbated
release of inflammatory mediators particularly IL-6, characterize this condition,
which can contribute to organ dysfunction. Given the fact that other coronavirus
outbreaks have occurred, there is no known treatment or vaccination for COVID-19.
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Another major problem is the urgent need for easy and fast instruments to
detect viruses in clinical and environmental samples. Early identification of SARS-
CoV-2 in asymptomatic and/or presymptomatic individuals is crucial for stopping
the transmission chain [1]. Plasmapheresis is also essential for extracorporeal
removal of SARS-CoV-2 from blood in order to present alternative therapies. These
dynamic pictures have imposed a fight against time through numerous fields of
knowledge such as biomedical research, biotechnology, drug production, and
molecular analysis in order to find as many resolutions as possible to these and other
complications presented by the pandemic.

Viral members of the CoVs family restrain a positive-sense, single-strand RNA
genome, which are 26 to 32- kilo bases in length [1]. The infectivity and immeasur-
able distribution capacity of CoVs have been established them as an important
pathogen. In addition to numerous avian hosts, various members of CoVs have
been recognized in a range of mammals, like masked palm civets, bats, dogs, mice,
camels, and cats are responsible for disease related to gastrointestinal systems,
hepatic, respiratory, and nervous system in humans. The outer surface membrane
(M), envelope (E), and spike (S) structural proteins are coupled within the enve-
lope of coronavirus which consists of a lipid bilayer. It is believed that glycosylated
SARS-CoV-2 spike (S) protein, mediates host cell entry by binding to the angioten-
sin- converting enzyme 2 (ACE2) and establish the host tropism. Similar to many
other viral fusion proteins, the SARS-CoV-2 spikes also utilize a highly dense coat-
ing of non-immunogenic or weakly immunogenic complex carbohydrates - glycan
shield to thwart the host immune response [2]. Glycans are carbohydrate-based
polymers made by all living organisms. The heavily glycosylated SARS-CoV spike
protein suppresses almost 23 putative N-glycosylation sites, amidst 12 of them are
effectively glycosylated [3]. In viral fusion proteins presence of N-glycan coating is
correlated with protein glycosylation and plays a decisive role in viral pathogenesis.
The N-glycans expressed on the surface of viral envelope glycoproteins have very
diverse biological roles and are all inextricably linked to their nature. However,
molecular recognition in between cell surface receptors and envelope glycoproteins
are mediated by specific N-glycan epitopes and attribute to viral entry through
membrane fusion. Moreover, an extremely dense coating of non-immunogenic or
feeble immunogenic complicated carbohydrates on otherwise perilously exposed
viral proteins constitutes an ideal camouflage (or shield) to evade the system [4].

The glycan shield plays a crucial role in concealing the surface S protein from
molecular recognition. However, to effectively perform, the spike has to acknowl-
edge and bind to ACE2 receptors as the primary infection route. For this reason, the
RBM should become absolutely exposed and accessible. During this situation, the
glycan shield works as one with an outsized conformational modification that per-
mits the RBD to emerge higher than the N-glycan coverage. Each the S-glycoprotein
and ACE2 receptor are proverbial to be extensively glycosylated, i.e. they contain
covalently linked complex oligosaccharides referred to as glycans. Recently pub-
lished studies have shown that the spike glycoprotein contains sixty-six glycosyl-
ation sites with forty-four of them being enclosed within the model. Another recent
study analyzed site-specific N-linked glycosylation of MERS and respiratory illness
SARS S glycoproteins, indicating that every of those glycosylation sites is occupied
by up to 10 totally different glycans (called glycoforms), which greatly extends
epitope diversity [4, 5].

The synthesis, folding, and glycosylation (as alternative PTMs) of infectious
agent proteins depend upon host organelles (ribosome, endoplasmic reticulum,
and Golgi apparatus) and enzymes (glycosyltransferases and glycosidases).

The present experimental knowledge relating to the glycosylation of viral
proteins depends on the carbohydrate processing enzymes present within the
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biological systems accustomed to propagate the viral strain. During this sense,
our data regarding the natural pattern of viral protein glycosylation is incredibly
restricted. It’s conjointly vital to think that viral proteins could follow totally
different pathways than those discovered from host glycoproteins [5, 6]. Attribute
to their chemical complexity and restricted sensitivity of existing analytical
instruments, glycans are left neglected. This can be unfortunate as they verify

a major part of the structure and performance of the many glycoproteins. This
can be very true within the field of host/pathogen interactions, wherever glycan
diversity is employed by each host to evade recognition by pathogens and there-
fore the pathogens to flee the system response. Moreover, glycans, and specifically
their outmost components, have vital conformational flexibility. This contributes
to the overall conformational dynamics of the molecule that may each generate
novel potential drug binding sites or shield binding sites predicted mainly from
polypeptide-only models [7].

Beyond a function in shielding the underlying proteins from recognition by
antibodies, the glycans on infective proteins may additionally attenuate the flexibil-
ity of the host system to lift antibodies against any epitopes that embrace the glycan.
In an exceedingly T-cell-dependent adaptative immune reaction, peptides from the
infective agent are presented on antigen- presenting cells by major histocompatibil-
ity complex II molecules, conjointly referred to as human leukocyte antigen (HLA)
complexes. HLA complexes have the most popular peptide antigen motifs, and sup-
ported data of those preferences it’s doable to predict that peptides in exceedingly
infective proteins are probably to be HLA antigens [8]. However, once that peptide
contains a glycosylation site, the probability of the peptide to be presented in an
HLA complex could also be compromised, if as an example the peptide cannot bind
to the HLA molecule owing to the steric presence of the glycan. However, glycopep-
tides could also be presented in HLA complexes if the glycan is compact enough or
if it’s found on the end of the peptide antigen wherever it does not interfere with
HLA binding. The glycan-mediated shielding of predicted HLA antigens derived
from the S glycoprotein is conjointly containing a glycosite. Glycosylation system-
atically decreases the surface exposure of the residues proximal to the glycosites
however conjointly junction rectifier to non-sequential changes in exposure, asa
result of the 3D topology of the protein surface within the close proximity of every
glycosite [8, 9].

The SARS-CoV-2 envelope glycoproteins are involved in the viral adhesion and
entry processes. The presence of glycoproteins in the viral envelope opens up a
world of possibilities for using carbohydrate-binding agents like lectins to fix some
of the pandemic’s most pressing issues. Lectins can recognize glycans, allowing
them to be used in a number of biotechnological applications. The presence of
glycoproteins on the viral envelope unfolds a large vary of prospects for the applica-
tion of lectins to deal with some urgent issues concerned during this pandemic. The
growing popularity of glycans enables the use of lectins for many biotechnological
applications. Significantly, these agglutinins block the viral adhesion to the host
cells by targeting the sugar moieties in surface proteins, and are considered as
broad-spectrum inhibitors of viral invasion. The interaction with glycoproteins
conjointly allows the use of lectins within the development of devices for identifica-
tion and characterization of glycoproteins in a viral envelope or alterations in host
glycoproteins throughout virus infection. Lectins are natural proteins that focus on
the sugar moieties of a large vary of glycoproteins [10]. They are prevailing among
higher plants and are divided into seven families of structurally and evolutionarily
connected proteins. Over a decade ago, studies revealed that through inhibition of
virus-cell fusion, plant lectins were reportable to inhibit HIV replication in lympho-
cyte cell cultures [9].
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Sugar-binding proteins that are neither antibodies nor enzymes are known as
lectins. To be labeled as a lectin, a glycoprotein must meet three distinct criteria. To
begin, lectin is a carbohydrate-binding protein or glycoprotein (s). Second, lectins
aren’t the same as immunoglobulins (antibodies). Finally, lectins do not alter the
biochemistry of the carbohydrates they bind. Plant lectins are a specific type of
carbohydrate-binding proteins which are capable of specific recognition and revers-
ible binding to carbohydrates. Since lectins can recognize specific carbohydrate
structures such as proteoglycans, glycoproteins, and glycolipids, they can control
various cells through glycoconjugates and their physiological and pathological
phenomena via host-pathogen interactions and cell-cell communications.

Initially, it had been reported that plant lectins inhibit virus replication by
forestalling virus adsorption however studies had been later shown that they
prevent the fusion of HIV particles with their target cells. Additionally to the
antiviral impact of mannose- and N-acetylglucosamine-specific agglutinins on HIV,
the associate repressive impact of those plant lectins was reported on respiratory
syncytial viral infection, CMV infection, and influenza A virus infection in vitro.
Carbohydrate-binding agents are thought of as anti-CoV agents that focus on spike
protein and restrain CoV entry [10]. Theyre proficient to bind specifically with
the oligosaccharides on virus surfaces like HIV and S glycoprotein. In mouse model
and additionally, in vitro condition they inhibit a large variety of CoVs, as well as
SARS-CoV, HCoV NL63, HCoV 229E, and HCoV OC43. Plant lectins, such as those
present in leeks, have been shown to be effective coronavirus inhibitors by interact-
ing with two targets in the viral replication cycle. The first target was discovered
early in the replication cycle, most likely during viral attachment, while the second
was discovered toward the end of the infectious virus cycle. Depending on the
nature of their sugar specificity, the antiviral activity spectrum of plant lectins var-
ies considerably. In general, the plant lectins which were mannose-specific found
to be highly effective against coronaviruses. Mannose-binding glycoprotein (MBL;
additionally called mannan-binding lectin) could be a pattern-recognition molecule
that plays a critical role in spacing and orientation of the carbohydrate-recognition
domains [2, 10].

In several expression systems, glycosylation act as a live to gauge antigen quality.
For styling appropriate immunogens for vaccine development, it is important to
have basic understanding concomitant with the RBD domain of the SARS-CoV-2
spike protein which is able to incorporate complicated sialylated N-glycans and

SARS-CoV-2 Entry Mechanism Glycosylation Based Targated Therapeutic Approach Against COVID-19

Prevent ACE2 binding with S-protein and
infection is prevented

Figure 1.

Potential role of MBBL in prevention of SARS-CoV2. 1. Attachment of MBL at the glycosylation site of spike
protein by “Lock and Key” mode. 2. Prevent ACE2 mediated entry of viral pathogen. 3. Lectin pathway-
mediated phagocytosis of intracellular pathogens (adapted from reference [2]).
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sialylated glycoprotein O-glycans. The interaction with glycoproteins addition-

ally permits the utilization of lectins within the development of devices for the
identification and characterization of glycoproteins in infectious agent envelopes or
alterations in host glycoproteins throughout virus infection. MBL could be a serum
C-type glycoprotein, that is in a position to bind SARS-CoV intrinsically or infected
cell and additionally capable to inhibit the infectivity of the virus. Hence, with this
background knowledge, we could to anticipate that glycosylation of infectious agent
peptides by “Lock and Key Technology” may be considerate as a novel therapeutic
strategy against the current COVID-19 pandemic (Figure1) [2, 10, 11].

2. Glycosylation and its role in onset of disease

The “glycome biology” or “glycobiology” studies the thorough repertoire i.e. the
structure, biosynthesis, and biology of glycoconjugates composed of carbohydrate
chains, or glycans, which are covalently, linked to lipid or protein molecules. The
formation of glycoconjugates, differences in their glycan sequences, their length,
and the connection between them depends upon on a process called glycosylation.
Synthesis of glycoconjugate is a dynamic process that relies on the sugar precursors,
the local milieu of enzymes, structures of organelle as well as cellular signals, and
the cell types. Studies of rare genetic disorders that have an effect on glycosyl-
ation 1st highlighted the biological importance of the glycome, and technological
advances have improved our understanding of its heterogeneousness and quality.
However the replication process of secreted and cell-surface glycomes, overall cellu-
lar standing in health and sickness requires a detail research and assessment. In fact,
changes in glycosylation will modulate inflammatory responses, alter viral immune
escape, promote neoplastic cell metastasis, or regulate apoptosis; the composition
of the glycome conjointly affects urinary organ operate in health and sickness.

Easy and extremely dynamic protein-bound glycans also are well endowed within
the nucleus and living substance of cells, wherever they exert restrictive effects.

In fact, additionally to forming vital structural options, the sugar elements of
glycoconjugates modulate or mediate a good form of functions in physiological and
pathophysiological states. Glycoproteins and polysaccharides have vital functions

in viral cells, and even glycoproteins have central roles within the biology of most
viruses [10, 12]. Glycoconjugates are measured by the addition of sugars to proteins
and lipids. A huge range of naturally occurring sugars will be combined to make a
variety of distinctive glycan structures on lipid and protein molecules that modulate
their activity. Multiple enzymatic site preferences, similarly because the use of
stereochemical a or f conjugations, produce diversity in wherever and the way these
sugars are linked to every alternative. In fact, altogether, these options imply the
potential existence of ~1012 completely different branched glycan structures.

Protein glycosylation includes the addition of N-linked glycans, O-linked
glycans, phosphorylated glycans, glycosaminoglycans, and glycosylphosphati-
dylinositol (GPI) anchors to amide backbones similarly to C-mannosylation of
essential amino acid residues. Glycolipids are glycoconjugate which include glyco-
sphingolipids (GSLs) formed through the addition of sugars to lipids. Glycosylation
of proteins and lipids happens within the endoplasmic reticulum (ER) and with
most of the terminal processing occurring within the cis-, medial- and trans-Golgi
compartments. In these organelles, glycosidases, and glycosyltransferases form
carbohydrate structures in a series of steps that are dominance by the availability
of the enzyme activity, substrate, levels of gene transcription, and enzyme loca-
tion. In fact, the glycome of a specific cell reflects its distinctive gene-expression
pattern that controls the level of the enzymes responsible for glycoconjugation.
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The glycome is created in a non-templated manner and is in an elaborate way con-
trolled at multiple levels within the ER and cyst, unlike exome or proteome [12, 13].

3. Different type of glycosylation in human
3.1 N-linked glycosylation

The covalently N-linked glycans are superimposed co-translationally to native
polypeptides within the endoplasmic reticulum (ER) as blocks of fourteen sugars
(Glc3Man9GIcNAc2). These glycans are measure then subject to extensive modi-
fication throughout their transport through the ER and also the Golgi body before
reaching their final destinations within or outside the cell. Within the ER and also the
early secretory pathway, the sugar repertoire is still very little. Within the Golgi body,
however, the glycans acquire complicated and extremely numerous structures by ter-
minal glycosylation, which ends up in a very tremendous heterogeneity. Such diversity
differs between cell sorts, tissues and species, and helps to additional increase micro-
heterogeneity in the presence of the same genetic polypeptide background. This leads
to the creation of new functionalities and specificities. The N-glycans may also have a
very important role in correct macromolecule folding and degradation, and solubility,
by avoiding the precipitation that’s caused by lipophylic aminoacid stretches within the
emergent polypeptide. The presence of a glycan protect on the peptides additionally
allows the protection of the glycoproteins against degradation by proteases [13, 14].

3.2 O-linked glycosylation

Glycosylation will occur on amino acids with functional hydroxyl group teams,
that is most frequently Ser and Thr. In humans, the foremost common sugars joined to
Ser or Thr are GlcNAc and N-acetylgalactosamine (GalNAc)7. GalNAc-linked glycans
usually referred to as mucin-type O-glycans, are abundant on various living things
and secreted glycoproteins together with mucins, which type an important interface
between animal tissue cells and the external tissue layer surfaces of the body. Mucins
are characterized by a variable range of tandem repeats with Ser and Thr that create
many sites for O-glycosylation. O-glycosylation performs various functions, such as
providing resistance to proteolysis of stem regions of membrane proteins, creating
specific recognition phenomena, and selection of ligands for selectins. Masking of
immunogenic epitopes on the protein is in need to special mention [13, 14].

3.3 Glycosphingolipids

GSLs comprise a sphingolipid to which a glycan is connected at the C1 group
position of a ceramide; they are one in every of the foremost plentiful glycolipids
in humans are generally found within the lipid bilayers of cellular membranes. GSL
glycosylation starts with the addition of glucose or galactose to the lipid moiety at
the protoplasm facet of the ER or the Golgi body; however, the structure is then
flipped to the luminal side for the additional process. The enzymes that initiate GSL
glycosylation are specific for lipids, but an additional process of the sugar chain is
performed by additional general glycosyltransferase [13, 14].

3.4 Proteoglycans and glycosaminoglycans

Proteoglycans are glycoproteins within the extracellular matrix that, in addition
to containing canonical N-glycans and O-glycans, are characterized by the presence

66



Glycan and Its Role in Combating COVID-19
DOI: http://dx.doi.org/10.5772/intechopen.97240

of long sugar repeats connected via O-linked glycosylation motifs [13, 14]. These
extended sugar chains are termed glycosaminoglycans and contribute to a consider-
able proportion of the proteoglycan’s molecular mass. Whereas N-glycans generally
embrace 5-12 monosaccharides, a glycosaminoglycan motif will simply contain
more than eighty sugars (for example, keratan salt is a poly-N-acetyl lactosamine
chain that contains up to fifty oligosaccharide units). These long chains are con-
structed through oligosaccharide repeats fashioned by GlcNAc or GalNAc, com-
bined with associate uronic acid (that is, glucuronic or iduronic acid) or brain sugar.
Glycosaminoglycans are functionally various and include heparan salt, chondroitin
salt, keratin sulfate, and hyaluronan. Glycosaminoglycans are crucial to the forma-
tion of the glycocalyx, an important structure for the upkeep of the cytomembrane
that conjointly functions as a reservoir for sequestered growth factors [13-15].

3.5 Role of glycans in immunity and inflammation

Cells of the immune system, equally to any or all different cells, express cell
surface-associated glycoproteins and glycolipids that, besides glycan-binding pro-
teins and different molecules, sense environmental signals. Many immune recep-
tors that are expressed on innate and adaptive immune cells acknowledge glycans
found on the surface of microorganisms that are referred to as pathogen-associated
molecular patterns. Examples of such glycan-containing molecules embrace bacte-
rial lipopolysaccharides, peptidoglycans, teichoic acids, capsular polysaccharides,
and fungal mannans. The recognition of those glycosylated microbial patterns by
the immune system has been exploited for the vaccine’s development, example
diplococcus vaccines, are developed employing a mixture of capsular polysac-
charides. The recent progress in HIV-1 immunogen development has conjointly
been driven by a far better understanding of the HIV-1 envelope (Env) conjugated
protein and the effects of its glycan composition on immune responses and immune
evasion [15, 16].

Pro-inflammatory cytokines may contribute to inflammatory vascular diseases
by inducing changes in cell-surface N-glycosylation of epithelial tissue cells. In
the adaptive immune system, glycans even have crucial and multifarious roles in
B lymphocyte and lymphocyte differentiation. These functions involve multiple
cell-surface and secreted proteins (such as CD43, CD45, selectins, galectins, and
siglecs), differing kinds of cell-cell interactions, and also the recognition of glycan-
containing antigens. The regulation of cellular glycosylation and its impact on the
molecules that perform as ligands and receptors throughout associate inflammatory
response is controlled through numerous mechanisms and is dependent on the
inflammatory insult. These mechanisms, that embrace ERK, and p65 signaling are
vital to understanding the failure to regulate chronic inflammation in multiple dis-
ease states. Immunoglobulins, for instance, are crucial parts of humoral immunity,
and altered glycosylation patterns of some antibody isotypes are known in chronic
inflammatory reaction, and infectious diseases, like arthritis (RA), systemic lupus
erythematosus (SLE), and HIV infection [16, 17].

The glycoproteins CD43 and CD45 are profusely expressed on the surface of B
cellsand T cells and contain each O-glycans and N-glycans. Glycosylation of those
proteins is modulated throughout cellular differentiation and activation and regu-
lates multiple T cell functions, as well as cellular migration, T cell receptor signal-
ing, cell survival, and apoptosis. CD45 has an active receptor-like protein tyrosine
phosphatase domain that interacts with Src family kinases in B cells and T cells to
control the signaling threshold for the activation of B lymphocyte receptors (BCRs)
and T cell receptors. CD45 additionally has non-catalytic functions, for instance, in
modulating the function of the repressive co-receptor CD22 on B cells [17, 18].
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Siglecs are sialic acid-binding proteins expressed on several cells of the system
that perform varied functions, as well as the regulation of antigen-specific immune
responses and cell homing. CD22 is one in all sixteen siglec proteins character-
ized in humans and is expressed on B cells, wherever it specifically binds a-2,
6-linked sialic acid-containing ligands; this interaction is crucial for the formation
of nanoclusters within the cell wall that manage BCR signaling following antigen
binding [17, 18].

The selectin family of proteins consists of E-selectin, P-selectin, and L-selectin
that are chiefly expressed on epithelium cells, platelets, and leukocytes, respec-
tively. These cell adhesion molecules are vital for white cells rolling on the epithelial
tissue before tissue extravasations. Another study demonstrates that targeting
selectins could be helpful in some inflammatory diseases. Immunoglobulin iso-
types disagree within the variety of N-glycans present on their serious chains.
Some immunoglobulin, such as IgA1 and immune globulin, additionally contain
O-glycans, which are sometimes clustered within the hinge-region segments
of these antibodies. Inmunoglobulin glycans impact the effect or functions of
antibodies counting on the branching of N-glycans and/or the terminal sugars of
N-glycans or O-glycans that embody brain sugar and sialic acid. In fact, immu-
noglobulin glycosylation can verify glycoform is pro-inflammatory, like Ig with
galactose-deficient N-glycans, or anti-inflammatory drug, like Ig with sialylated
N-glycans [17-19].

3.6 Glycan and COVID-19

Coronavirus illness 2019 (Covid-19) has a broad clinical spectrum, not never-
theless absolutely delineate or understood, with a regarding the potential for severe
respiratory illness, multiorgan involvement, and death. As a result of containment
of the virus has verified to be very troublesome, mitigation efforts like mask-wear-
ing, physical distancing, confinement, and quarantines are enforced worldwide
leading to restricted exposures/contagious events with also a robust social, health,
and economic burden [2]. Since ideal preventive ways like repurposing of known
medication to treat Covid-19, and vaccines associated with inevitably long testing,
development, and producing time emerges as an attractive approach to timely fulfill
the continued need.

Glycoproteins of SARS-CoV-2 are concerned with cell adhesion and invasion,
maturation, and modulation response processes. Though alternative SARS-CoV-2
proteins have foreseeable glycosylation sites (such as M-protein, E-protein), the
bulk of experimental knowledge is presently accessible on the S-protein. This might
be a trimeric protein that mediates viral adhesion through binding to the human
angiotensin-converting accelerator two (hACE2) and conjointly interacts with the
host immune defense [19, 20].

The S-protein from SARS-CoV-2 has 2 practical subunits (S1 and S2) with 23
potential sites for N-glycosylation and O-glycosylation. Some variations within the
glycosylation sites repertoire and famed epitopes are rumored for the SARS-CoV-2
spike protein, despite it’s similarity with the SARS-CoV spike (approximately
87.2%). The oligo mannose-type glycans were predominant in 2 sites (N234 and
N709). Complex-type glycans were preponderantly exhibited in fourteen organic
compound residues (N17, N74, N149, N165, N282, N331, N343, N616, N657, N1098,
N1134, N1158, N1173, and N1194), whereas six sites showed a combination of
oligomannose- and complex-type glycans (N1074, N801, N717, N603, N122, and
N61). The foremost common configuration of oligomannose-type glycans was
Man5GIcNAc2. Afucosylated and fucosylated hybrid-type glycans were detected
in a minimum of 9 sites. Studies highlighted that the glycosylation profile of the
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SARS-CoV-2 S-protein was completely different from those discovered for host
glycoproteins or for alternative engulfed viruses. Another experimental study
revealed the configuration of the N-glycosylation and O-glycosylation of spike
protein subunits, even in the HEK293-based expression system. The authors have
solved the structures of N-linked glycans in seventeen foretold sites and rumored
the presence of three categories of N-glycans. Significantly, this study discovered
O-glycosylation modifications on 2 residues (Thr323 and Ser325) present within
the receptor-binding domain (RBD) of the S1 monetary unit. Recently, the charac-
terization of the glycosylation profile of the S-protein expressed in BTI-Tn-5B1-4
insect cells was rumored to show the presence of high-mannose N-glycans alto-
gether twenty two foretold sites. Apparently, these glycans cowl most of the RBD
space [17, 20].

The glycan shield plays a vital role in hiding the S protein surface from molecular
recognition. However, to effectively operate, the spike has to recognize and bind to
ACE2 receptors as the primary host cell infection route. For this reason, the RBM
should become totally exposed and accessible. During this state of affairs, the
glycan shield works in concert with an oversized conformational amendment that
permits the RBD to emerge on top of the N-glycan coverage. The glycans protect the
RBD region that does not directly act with ACE2 by “up” and “down” conforma-
tions. Ultimately, this analysis shows that the RBM is often accessible once RBD
is “up”, whereas it’s terribly well camouflaged when “down”. This implies that the
glycan shield of this vital domain is effectively paired with its “down-to-up” con-
formational amendment, allowing the RBM to transiently emerge from the glycan
shield and bind to ACE?2 receptors [16, 19, 20].

Protein glycosylation plays a crucial role in the infective agent pathological pro-
cess, as incontestable by the characteristically thick N-glycan coating of the infec-
tive agent fusion proteins. Within the HIV-1 envelope spike (Env), as an example,
the protein-accessible expanse is nearly entirely coated in N-glycans. These are thus
densely packed that they account for quite half the protein’s mass. The N-glycans
present on the surface of viral envelope glycoproteins show terribly diverse type
of biological roles. Infective agent entry through membrane fusion is initiated by
envelope glycoproteins through molecular recognition events involving cell surface
receptors, which are usually mediated by specific N-glycan epitopes. Furthermore,
an extremely dense coating of nonimmunogenic or frail immunogenic advanced
carbohydrates on otherwise perilously exposed infective agent proteins constitutes
a perfect camouflage (or shield) to evade the immune system. To the current study,
the HIV-1 Env glycan defends, which is essentially structured by oligomannose
(Man5-9) N-glycans, has been shown to be quite effective in allowing the virus to
thwart the system [16, 17, 19].

4. Therapeutic approach of glycomedicine

Developments within the field of glycobiology have enabled the development
of arange of glycan-based medical specialties. As an example, envelope conjugated
protein gp120 is expressed on the surface of HIV-1, and its variable glycosylation
facilitates viral escape from immune detection. Adding new glycan-dependent
epitopes to the recombinant gp120 used for vaccination inflated the ability of
broadly speaking neutralizing being antibodies to recognize HIV-1, suggesting that
this approach is used to optimize vaccination protocols and antigens. Moreover,
HIV-1 envelope glycoproteins not solely differentiate HIV-1 clad however can even
be wont to estimate the efficacy of vaccine regimens on the premise of protein bind-
ing to a panel of gp120 glycan-dependent epitopes 240. As printed antecedently,
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glycosylation plays an important role in regulating purposeful immune responses
through complex receptor-glycan motif interactions. This site is currently being
exploited in Ig therapies [20].

4.1 Role of lectins in COVID 19 and activation of complement pathway

Lectins, are glycan-binding proteins (GBPs) that are present in plants and lots of
alternative species, are known to act with various glycan molecules either attached
or released to a peptide backbone. This distinctive property has been explored
within the development of analytics for glycan determination. Many relevant
platforms are according to which lectin-based microarray has incontestable a utility
in capturing glycan profiles of therapeutic compound glycoprotein [21].

As antecedently mentioned, the S-protein of SARS-CoV-2 encompasses a crucial
role in infectious agent adhesion by binding to hACE2. Therefore, the disruption
of this interaction is taken into account as a gorgeous target for antiviral medi-
cal care. Some non-mammalian-derived lectins (from plants and bacteria) are
pointed as various antiviral agents against swallowed viruses thanks to their ability
to acknowledge the glycans present within the structural proteins and to impair
the initial steps of the infectious agent pathological process. Given the recent
emergence of SARS-CoV-2, solely the glycoprotein isolated from Indian bean [FIt3
receptor-interacting glycoprotein (FRIL)] has been according up to now as an
antiviral against this virus. FRIL may be a glucose/mannose glycoprotein conjointly
called DLL-I. This protein molecule utterly inhibited the cytopathic result of
SARS-CoV-2 (strain hCoV-19/Taiwan/NTU04/2020) toward Vero cells at higher
concentrations [17, 21].

According to a study, evaluation of the in vitro antiviral activity of thirty three
plant lectins toward coronaviruses (SARS-CoV and feline infectious redness virus).
Mannose-binding agglutinins showed the best anti-SARS-CoV effects. Among
the studied lectins, the upper selective indexes (SIs) were found for those isolated
from alliaceous plant (APA; SI > 222.2), black mulberry (Morniga M II; SI > 62.5),
and helleborine (EHA; SI > 55.5). Nettle (UDA) and common tobacco agglutinins
(NICTABA), each specific for GIcNAc, conjointly showed promising activity.
NICTABA and FTO have conjointly shown restrictive activity against different
swallowed viruses as well as respiratory disease A/B, breakbone fever virus kind a
pair of (DENV-2), herpes simplex virus varieties one and a pair of (HSV-1 and HSV-
2) and human immunological disorder viruses (HIV-1/2). Other plant lectins are
shown to exhibit restrictive action toward different coronaviruses. Some mannose-
binding lectins: concanavalin A (Con A), amaryllis hybrid antibody (HHA),
Galanthus nivalis antibody (GNA or GNL) one in every of these studies highlighted
the importance of glycosylation within the sensibility of 2 kinds of coronaviruses
(mouse liver disease virus and feline infectious redness virus) (Figure 2) [17, 21].

Non-plant-derived agglutinins also are pointed as promising agents
against coronaviruses, e.g. the mannose-binding-lectins cyanovirin-N (from
Cyanobacterium protoctiste) ellipsosporum and griffithsin (GRFT) (from red
marine alga Griffithsia sp.) However, solely GRFT has been evaluated against
SARS-CoV and MERS-CoV. This protein molecule binds to multiple sites of
SARS-CoV and MERS-Cov glycoproteins with high affinity and inhibits infec-
tious agent entry. In addition, this glycoprotein conjointly reduced the mortality
and therefore the severity of fatal pneumonic infection iatrogenic by SARS-CoV
in mice. This result is related to the decrease of pro-inflammatory cytokines in
infected respiratory organ tissue [17-19, 21].

The mitogenicity and pro-inflammatory properties of lectins raise many que-
ries relating to their worth to treat clinical conditions with severe inflammatory
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Figure 2.
Crystal structure of different mannose specific lectins (structures adapted from RCSB PDB).

elements, as seen in COVID-19. The broad-spectrum activity of those agents and
therefore the techniques utilized in their style ought to be thought of within the
hunt for anti-infective compounds toward SARS-CoV-2. These compounds ought
to enhance the response iatrogenic by the immunogen, whereas keeping the equi-
librium between body substance and cellular immune responses. Noteworthy to say
that even the right induction of Thl-biased response, which is very important for
defense against infectious agents, still remains a limitation for a few adjuvants.

Lectins are well-known to push the proliferation of lymphocytes and modulate
the discharge of effectors molecules (cytokines and gas oxide) by immune cells.
For example, many lectins are potent inducers of IL-12 and IFN-y production
that are key cytokines in the establishment of the Th1 axis. Some lectins may
also bind to toll-like receptors and/or increase their expression levels, which can
conjointly modulate the discharge of pro-inflammatory cytokines and increase
the receptor’s ability to acknowledge the pathogens. In fact, the improvement of
Th1-based response is very important for protecting immunity against viruses and
different intracellular pathogens thanks to the activation of cytotoxic cells (natural
killer cells and TCD8 lymphocytes) and production of neutralizing antibodies
concerned in immunologic memory. During this sense, the immunomodulatory
properties of lectins build them attractive candidates for vaccine adjuvant. Some
studies involving glycoprotein as an adjuvant for respiratory disease vaccines need
special mention [21].

Innate immunity plays an essential role against numerous pathogens, in that,
physical barriers complement components, coagulation cascade, antigen-presenting
cells, and immunoglobulins synergistically regulate opsonisation, inflammation,
and phagocytosis. Although the innate system might not determine each antigen
getting into the host, it will acknowledge numerous microorganisms mainly based
on pathogen-associated molecular patterns (PAMPs) present on the cell surface.
The notable examples of PAMPs are bacterial peptidoglycan, lipopolysaccharides,
mannans, lipoteichoic acids, bacterial DNA, double-stranded ribonucleic acid,
glucans, and infective agent surface macromolecule. Duly, the complement system
could be a wing of an innate immune response having varied biological effects
against a good vary of bacteria, fungal, and infective agent infections [22].

The complement cascade consists of soluble factors and cell surface recep-
tors which will sensitize and counteract against both invading and self-antigens.
The complement system bridges the innate and accommodative reaction through
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humoral immunity, and by modulating T- and B-cell functions. Complement
pathways, which, once activated, lead to consecutive protein reactions, breakdown
of complement components C3 and C5, and end in by-products formation (C3a and
C5a). These anaphylatoxins elicit an excessiveness of physiochemical responses that
successively activate phagocytic cells, and release cytokines, chemokines, reac-

tive element species (ROS), adhesion molecules, and inflammation at the site of
infection. Immunoglobulin and cytokines are essential parts of antiviral immunity.
In fact, there are 3 main phases of complement activation - (1) foreign molecule
recognition, (2) convertase enzyme formation which will cleave C3 and C5, and (3)
fabrication of MAC for cell lysis. The alternative, classical, and mannose-binding
lectin (MBL) pathways are activation cascades of assorted host-pathogen interac-
tion conditions, joining at the juncture C3, from wherever the central complement
cascade proceeds. Among the 3 pathways of complement activation, the MBL
pathway is primary in infective agent infections to induce a pro-inflammatory
response. Detail Investigations involving the complement system activation by the
lectin pathway in COVID-19 and diseases are in need of the hour [22, 23].

5. Conclusion

Glycosylation could be a common modification of proteins and lipids that
involves non-template dynamic and complex processes. Glycans have multiple cru-
cial roles in cellular responses to environmental stimuli likewise as cellular growth
and differentiation; specific changes in glycan composition are directly joined
to several diseases. Technological advances are commencing to overcome many
of the challenges display by the complexities of glycoconjugates, improving our
understanding of the physiological and pathological processes that are regulated by
glycans.

The application of lectins to unravel differing types of issues involved in viral
infections like COVID-19 depends upon the presence of glycoproteins within the
viral envelope. Within the therapeutic space, the lectins can be thought-about lead-
ing molecules for the event of the latest antiviral approaches because of their ability
to inhibit microorganism entry within the host cell. The advances in glycoprotein
style methods are necessary to spice up the clinical application of those agents
thought-about for the treatment of SARS-CoV-2 and alternative microorganism
infections. The immunomodulatory action of some lectins may also be exploited to
boost the effectiveness of immunization schemes for microorganism infections.

On the opposite hand, lectin-carbohydrates interactions will be accustomed
style devices for diagnosing targeting microorganism glycoproteins or host glyco-
proteins alterations throughout microorganism infections. This kind of apparatuses
hold the promise of producing sensitive, quick, and cost-effective identification of
infected people and are of important would like throughout the pandemic things, as
obligatory for COVID-19.
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