International Journal on Life Science & Bioengineering Vol: 6 (2), 2019, 1-9.

Int. J. Lif. Sci. Bioengg.

COVID-19: AN ENIGMA WHICH HAS ENGULFED THE WORLD
Abhishek Nandy*
Patent Agent, New Delhi, 110019, India.

*abhisheknandy83@gmail.com

ABSTRACT

Chinese health authorities in late December 2019 reported an outbreak of pneumonia of
unknown origin in Wuhan, Hubei Province. Following the outbreak of pneumonia of
unknown origin, the genome of a novel coronavirus was released (http://viro-
logical.org/t/novel-2019-coronavirus-genome/319; Wuhan-Hu-1, GenBank accession No.
MN908947) and was made publicly available to the scientific community. This novel
coronavirus was provisionally named 2019-nCoV which was later on calledSARS-CoV-2.
Since its discovery, the virus has spread globally, leading to fatalities in more than 1 lakh and
more than 19 lakhs being infected, leading to a massive impact on the world’s health systems
and economies. In this review, the current knowledge about the epidemiology, phylogenetic,
molecular diagnostics and drug strategies against COVID 19 has been summarized.

Keywords:
COVID-19; Pandemic; Phylogenetic; Real-time polymerase chain reaction; SARS-CoV-2
INTRODUCTION

Towards the end of December 2019, there was an outbreak of pneumonia of unknown origin
in the city of Wuhan, Hubei Province, China which was epidemiologically traced to the
Huanan Seafood Wholesale Market. Following the inoculation of the broncho-alveolar lavage
fluid obtained from the suspected patients into the human airway epithelial cells, Vero E6 and
Huh7 cell lines led to the isolation of a novel coronavirus, SARS-CoV-2, previously named
2019-nCov [1].

Coronaviruses are positive single-stranded RNA viruses surrounded by an envelope and they
belong to the family Coronaviridae. The Coronaviridae family is divided into four genera:
Alpha-, Beta-, Gamma-, and Delta coronavirus out of which seven human coronaviruses
(HCoVs) have been identified, falling within the Alpha- and Betacoronavirus genera. The
Alphacoronavirus genus includes HCoVNL63 and HCoV-229E, while the Betacoronavirus
genus comprises HCoV-0OC43, HCoV-HKU1, SARS-CoV (severe acute respiratory
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syndrome coronavirus), MERSCo V (Middle East respiratory syndrome-related coronavirus),
and the novel SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) [2—7]. The
alphacoronaviruses HCoV-NL63 and HCoV-229E and the betacoronaviruses HCoV-OC43
and HCoV-HKUL1 are the ones not only responsible for the occurrence of common colds, but
also of severe lower respiratory tract infections, especially in the elderly and children [8].

The SARS-CoV-2 like the SARS COV implicated in the 2003 SARS outbreak is a member
of the subgenus Sarbecovirus (Betacoronavirus genus lineage B) [9, 10]. Its RNA sequence is
approximately 30,000 bases in length. However, the unique feature of SARS-CoV-2 is the
presence of a polybasic cleavage site, a characteristic known to increase pathogenicity and
transmissibility in other viruses [11, 12, and 13].

On the 11" of February 2020, the International Committee on Taxonomy of Viruses (ICTV)
announced that as per the existing rules that compute hierarchical relationships among
coronaviruses on the basis of five conserved sequences of nucleic acids, the differences
between the SARS COV and SARS COV 2 were insufficient to make them separate viral
species. Therefore, they identified SARS COV 2 as astrain of Severe acute respiratory
syndrome-related coronavirus[14].0n 11 March 2020, the COVID 19 caused by the SARS
COV 2 was declared as a Pandemic by the World Health Organization [15].

STRUCTURAL BIOLOGY

Each SARS-CoV-2 virion is approximately 50-200 nanometres in diameter [16] having four
structural proteins, known as the S (spike), E (envelope), M (membrane) and N (nucleo-
capsid) proteins,where the N protein holds the RNA genome, and the S, E, and M proteins
together create the viral envelope [17]. The spike protein, whose structure has been
determined using cryogenic electron microscopy [18, 19], is the protein responsible for
allowing the virus to attach to and fuse with the membrane of a host cell [17],.

...... Nucleocapsid protein

RNA
' ——» Spike protein (S)

Membrane glycoprotein (M)

Lipid bilayer

Figure 1: Structure of respiratory syndrome causing human coronavirus.


https://en.wikipedia.org/wiki/International_Committee_on_Taxonomy_of_Viruses
https://en.wikipedia.org/wiki/Conserved_sequence
https://en.wikipedia.org/wiki/Nucleic_acid
https://en.wikipedia.org/wiki/Viral_species
https://en.wikipedia.org/wiki/Viral_species
https://en.wikipedia.org/wiki/Strain_(biology)
https://en.wikipedia.org/wiki/Severe_acute_respiratory_syndrome-related_coronavirus
https://en.wikipedia.org/wiki/Severe_acute_respiratory_syndrome-related_coronavirus

Protein modelling experiments on the spike protein of the virus suggest that SARS-CoV-2
has sufficient affinity to the receptor of the angiotensin converting enzyme 2 (ACE2) on
human cells to use them as a mechanism of cell entry [19]. Moreover, it has now been shown
that SARS-CoV-2 has a higher affinity to human ACE2 than the original SARS virus strain
[18, 20].

Initially the priming of the spike protein by the transmembrane protease, serine 2
(TMPRSS2) is essential for entry of SARS-CoV-2 [21]. When the SARS-CoV-2 virion
attaches to a target cell, the cell's protease TMPRSS2 cleaves open the spike protein of the
virus, exposing a fusion peptide. The virion then releases RNA into the cell, hijacking the cell
to produce copies of the virus that are disseminated to infect more cells [21].
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Figure 2: The life cycle of SARS-CoV-2 in host cell begins when the S protein binds to the
cellular receptor ACE2. After receptor binding, the conformation change in the S protein
facilitates viral envelope fusion with the cell membrane through the endosomal pathway
following which the SARS-CoV-2 releases RNA into the host cell. Genome RNA is then
translated into viral replicase poly-proteins ppla and lab, which are then cleaved into small
products by viral proteinases. The polymerase produces a series of sub-genomic mRNAs by
discontinuous transcription and finally translated into relevant viral proteins. Viral proteins
and genome RNA are subsequently assembled into virions in the ER and Golgi and then
transported via vesicles and released out of the cell. ACE2, angiotensin-converting enzyme 2,
ER, endoplasmic reticulum; ERGIC, ER-Golgi intermediate compartment [22].
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SARS-COV-2 EPIDEMIOLOGY

Patients infected with SARS-CoV-2 can present a wide range of symptoms ranging from
mild to severe in which fever, cough, and shortness of breath are the most common
symptoms reported in 83, 82, and 31% of patients respectively [23]. However, multiple
mottling and ground-glass opacity are observed on chest X-ray on those patients who develop
pneumonia [23]. Patients that develop acute respiratory distress syndrome may worsen
rapidly and die of multiple organ failure [23].

Gastrointestinal symptoms such as vomiting, diarrhoea, and abdominal pain have also been
reported in about 2-10% of the patients with COVID-19 [23, 24]. Diarrhoea and nausea
preceded the development of fever and respiratory symptoms in about 10% of patients [23].
Human to human transmission via droplets is the main route of transmission within a
susceptible population. Another route of possible viral transmission is the oral-faecal route.
SARS-CoV-2 was detected in stool of patients with COVID-19 pneumonia, as well as in
respiratory samples [25]. Thus, it is plausible that SARS-CoV-2 can be transmitted via the
oral-faecal route as well as via fomites.

MOLECULAR DIAGNOSIS OF SARS-COV-2

Confirmation of cases with suspected SARS-CoV-2 infection is performed by detection of
unique viral sequences with nucleic acid amplification tests such as quantitative reverse real-
time PCR (QRT-PCR) for which three assays have been developed. The first-line assay
targets the E gene encoding for the envelope protein, which is common to the Sarbecovirus
subgenus, while the second specific assay targets the RdRp gene encoding for RNA-
dependent RNA polymerase. This assay contains two probes: one probe, which reacts with
the SARS-CoV and SARS-CoV-2 RdRp gene, and a second probe (RdRP_SARSr-P2) which
is specific to SARS-CoV-2. Finally, the third additional confirmatory assay targets the
nucleocapsid (N) gene. However, this last assay has not been further validated because it is
slightly less sensitive [26]. This protocol has been adopted in more than 30 European
laboratories [27]. Recently, a novel rRTPCR assay targeting a different region of the
RdRp/Hel gene of SARS-CoV-2 has been developed that showed a higher sensitivity and
specificity than the RdRp-P2 assay [28].

VACCINES FOR SARS-COV-2

Though there is currently no available vaccine against COVID-19,few vaccines in the
pipeline are there effective against SARS-CoV-2. Some of the vaccine candidates under
various phases of development are; the mMRNA based vaccine prepared by the US National
Institute of Allergy and Infectious Diseases against SARS-CoV-2 [29], INO-4800- DNA
based vaccine [30]. An inactivated virus vaccine is being developed by the Chinese Centre

for Disease Control and Prevention (CDC) [31, 32]. Stermirna Therapeutics is working on
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anmRNA based vaccine[33]. GeoVax-BravoVax is working to develop a Modified Vaccina
Ankara (MVA) based vaccine [34] and Clover Biopharmaceuticals is developing a
recombinant 2019-nCoV S protein subunit-trimer based vaccine [35].

POTENTIAL THERAPEUTIC STRATEGIES AGAINST COVID-19

Currently, there is no drug candidate approved for the treatment of COVID 19. Initially,
interferons-a nebulization, broad-spectrum antibiotics, and anti-viral drugs were used to
reduce the viral load [36, 37, 38], however, only remdesivir has shown promising impact
against the virus [39]. Remdesivir only and in combination with chloroquine or interferon
beta significantly blocked the SARS CoV- 2 replication and patients were declared as
clinically recovered [38, 40]. Recently, doctors in Shanghai isolated the blood plasma from
clinically recovered patients of COVID-19 and injected it in the infected patients who
showed positive results with rapid recovery [41].

CONCLUSION AND PERSPECTIVE

The novel coronavirus that originated from the Hunan seafood market at Wuhan, China
where bats andother wildlife animalswere being sold, has now rapidly spread up to 109
countries with 19,29,633 infected cases being diagnosed, 1,19,785 having died but also
4,53,018 getting recovered from COVID 19 till date. Though a zoonotic source of origin of
SARS COV 2 has not been determined yet as per phylogenetic analysis,SARS-CoV is closer
to SARS-like bat CoVs.

Till date, no promising clinical treatments or prevention strategies have been developed
against COVID 19. However, various broad-spectrum antivirals previously used against
influenza, SARS and MERS coronaviruses are now been evaluated either alone or in
combinations to treat COVID-19 patients, mice models, and clinical isolates. The need of the
hour is to develop rapid and accurate diagnostic methods, revamp the medical facilities
around the world and to develop therapeutics against COVID 109.

COMPETING INTERESTS

The authors declare no competing interests.

ACKNOWLEDGEMENTS

The authors would like to thank the Management of Institute of Applied Medicines and
Research, Ghaziabad, UP, India for giving permission to publish this article.

REFERENCES



1. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J. China Novel Coronavirus Investigating
and Research Team. A Novel Coronavirus from Patients with Pneumonia in China, 2019. N
Engl J Med. 2020; 382(8): 727-33.

2. Almeida JD, Tyrrell DA. The morphology of three previously uncharacterized human
respiratory viruses that grow in organ culture. J Gen Virol. 1967; 1(2): 175-8.

3. Kapikian AZ, James HD Jr, Kelly SJ, Dees JH, Turner HC, Mclintosh K, et al. Isolation
from man of “avian infectious bronchitis viruslike” viruses (coronaviruses) similar to 229E
virus, with some epidemiological observations. J Infect Dis. 1969; 119(3): 282—90.

4. Peiris JS, Guan Y, Yuen KY. Severe acute respiratory syndrome. Nat Med. 2004 Dec;
10(12 Suppl):S88-97.

5. van der Hoek L, Pyrc K, Jebbink MF, Vermeulen- Oost W, Berkhout RJ, Wolthers KC, et
al. Identification of a new human coronavirus. Nat Med. 2004; 10(4): 368-73.

6. Woo PC, Lau SK, Chu CM, Chan KH, Tsoi HW, Huang Y. Characterization and complete
genome sequence of a novel coronavirus, coronavirus HKU1, from patients with pneumonia.
J Virol. 2005; 79(2): 884-95.

7. Zaki AM, van Boheemen S, Bestebroer TM, Osterhaus AD, Fouchier RA. Isolation of a
novel coronavirus from a man with pneumonia in Saudi Arabia. N Engl J Med. 2012;
367(19): 1814-20.

8. Wevers BA, van der Hoek L. Recently discovered human coronaviruses. Clin Lab Med.
2009; 29(4): 715-24.

9. "Phylogeny of SARS-like betacoronaviruses”. Nextstrain. 2020.

10. Wong AC, Li X, Lau SK, Woo PC. Global Epidemiology of Bat Coronaviruses. Viruses.
2019. 11 (2): 174.

11. Andersen KG, Rambaut A, Lipkin WI, Holmes EC, Garry RF. Correspondence: The
proximal origin of SARS-CoV-2. Nature Medicine. 2020: 1-3.

12. Walls AC, Park YJ, Tortorici MA, Wall A, McGuire AT, Veesler D. Structure, function
and antigenicity of the SARS-CoV-2 spike glycoprotein.  Cell.  2020.
doi:10.1016/j.cell.2020.02.058.

13. Coutard B, Valle C, de Lamballerie X, Canard B, Seidah NG, Decroly E.The spike
glycoprotein of the new coronavirus 2019-nCoV contains a furin-like cleavage site absent in
Cov of the same clade. Antiviral Research. 2020; 176: 104742
doi:10.1016/j.antiviral.2020.104742.

14. Gorbalenya AE, Baker SC, Baric RS, de Groot RJ, Drosten C, Gulyaeva AA.The species
Severe acute respiratory syndrome-related coronavirus: classifying 2019-nCoV and naming it
SARS-CoV-2. Nature Microbiology. 2020; 5 (4): 536-544.



15. WHO Director-General's opening remarks at the media briefing on COVID-19 — 11
March 2020. 2020; World Health Organization.

16. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, Epidemiological and clinical
characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: a
descriptive study. The Lancet. 2020; 395 (10223): 507-513.

17.Wu C, Liu Y, Yang Y, Zhang P, Zhong W, Wang Y. Analysis of therapeutic targets for
SARS-CoV-2 and discovery of potential drugs by computational methods. Acta
Pharmaceutica Sinica B. 2020. doi:10.1016/j.apsb.2020.02.008.

18. Wrapp D, Wang N, Corbett KS, Goldsmith JA, Hsieh CL, Abiona O.Cryo-EM structure
of the 2019-nCoV spike in the prefusion conformation™. Science. 2020; 367 (6483): 1260—
1263.

19. Xu X, Chen P, Wang J, Feng J, Zhou H, Li X, . Evolution of the novel coronavirus from
the ongoing Wuhan outbreak and modeling of its spike protein for risk of human
transmission. Science China Life Sciences. 2020; 63 (3): 457-460.

20. Novel coronavirus structure reveals targets for vaccines and treatments. National
Institutes of Health (NIH). 2 March 2020.

21. Anatomy of a Killer: Understanding SARS-CoV-2 and the drugs that might lessen its
power. The Economist. 12 March 2020.

22. Shereen MA, Khan S, Kazmi A, Bashir N, Siddique R. COVID-19 infection: Origin,
transmission, and characteristics of human coronaviruses. J Adv Res. 2020; 24:91-98.

23. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J. Clinical characteristics of 138 hospitalized
patients with 2019 novel coronavirus-infected pneumonia in Wuhan, China. JAMA. 2020;
323(11): 1061.

24. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y. Epidemiological and clinical
characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: a
descriptive study. Lancet. 2020; 395(10223): 507-13.

25. Holshue ML, DeBolt C, Lindquist S, Lofy KH, Wiesman J, Bruce H. Washington State
2019-nCoV Case Investigation Team. First Case of 2019 Novel Coronavirus in the United
States. N Engl J Med. 2020; 382(10): 929 36.

26. Corman VM, Landt O, Kaiser M, Molenkamp R, Meijer A, Chu DK. Detection of 2019
novel coronavirus (2019-nCoV) by real-time RT-PCR. Euro Surveill. 2020; 25(3): 2000045.



27. Reusken CBEM, Broberg EK, Haagmans B, Meijer A, Corman VM, Papa A. Laboratory
readiness and response for novel coronavirus (2019-nCoV) in expert laboratories in 30
EU/EEA countries, January 2020. Euro Surveill. 2020; 25(6): 2000082.

28. Chan JF, Yip CC, To KK, Tang TH, Wong SC, Leung KH. Improved molecular
diagnosis of COVID-19 by the novel, highly sensitive and specific COVID-19-RdRp/Hel
real-time reverse transcription-polymerase chain reaction assay validated in vitro and with
clinical specimens. J Clin Microbiol. 2020 [Epub ahead of print].

29. McKay BLP. Drugmakers rush to develop vaccines against china virus the wall street
journal. [Cited 2020 28 Januaryl]; Available from: <https://www.
wsj.com/articles/drugmakers rush-to-develop-vaccines-against-china-virus- 11579813026>.

30. Inovio IP. Inovio selected by cepi to develop vaccine against new coronavirus inovio.
[Cited 2020 29 January]; Available from: <http://ir.inovio.com/newsand- media/news/press-
release-details/2020/Inovio-Selectedby-CEPI-to-Develop-Vaccine-Against-
NewCoronavirus/default.aspx>.

31. J.-H.Z.W. Lee LZ. Chinese scientists race to develop vaccine as coronavirus death toll
jumps: South china morning post. [Cited 2020 29 January]; Available from:
<https://www.scmp.com/news/china/society/article/3047676/numbercoronavirus-cases-
china-doubles-spread-rate-accelerates>.

32. Cheung E. China coronavirus: Hong Kong researchers have already developed vaccine
but need time to test it, expert reveals: South china morning post. [Cited 2020 29 January];
Available from: https://www.scmp.com/news/ hongkong/health-
environment/article/3047956/china-coronavirus-hongkong- researchers-have.

33. Xinhua. China fast-tracks novel coronavirus vaccine development Xinhua. [Cited 202 29
January]; Available from: http://www.xinhuanet.com/english/ 2020-01/28/c_138739378.htm.

34. Geo-Vax. Geovax and bravovax (wuhan, china) to collaborate on development of
coronavirus  vaccine. [Cited 2020 3 March]; Available from:  https://
www.geovax.com/news/geovax-and-bravovax-wuhan-china-to-collaborateondevelopment-
of-coronavirus-vaccine.

35. Clover B. Clover initiates development of recombinant subunit- trimer vaccine for Wuhan
coronavirus (2019-ncov). [Cited 2020 6 March]; Available from:
http://www.cloverbiopharma.com/index.php?m=content&c=index&a=show&
catid=11&id=40.



36. Ng CS, Kasumba DM, Fujita T, Luo H. Spatio-temporal characterization of the antiviral
activity of the XRN1-DCP1/2 aggregation against cytoplasmic RNA viruses to prevent cell
death. Cell Death Differ 2020:1-20.

37. Wang BX, Fish EN. Editors. Global virus outbreaks: Interferons as 1% responders.
Seminars in immunology. Elsevier; 2019.

38. Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, et al. Remdesivir and chloroquine
effectively inhibit the recently emerged novel coronavirus (2019-nCoV) in vitro. Cell Res
2020; 1-3.

39. Agostini ML, Andres EL, Sims AC, Graham RL, Sheahan TP, Lu X, et al. Coronavirus
susceptibility to the antiviral remdesivir (GS-5734) is mediated by the viral polymerase and
the proofreading exoribonuclease. MBio 2018; 9 (2):e00221-e318.

40. Holshue ML, DeBolt C, Lindquist S, Lofy KH, Wiesman J, Bruce H, et al. First case of
2019 novel coronavirus in the United States. N Engl J Med 2020.

41. Derebail VK, Falk RJ. ANCA-associated vasculitis—refining therapy with plasma
exchange and glucocorticoids. Mass Medical Soc 2020.



