S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Informatics in Medicine Unlocked 22 (2021) 100486

Contents lists available at ScienceDirect

im

INFORMATICS

Informatics in Medicine Unlocked

IN'MEDICINE-

FI. SEVIER

journal homepage: http://www.elsevier.com/locate/imu

t.)

Check for

Decoding information on COVID-19: Ontological approach towards design |
possible therapeutics

Swaminathan K. Jayachandran® , Muthuswamy Anusuyadevi™
Musthafa Mohamed Essa““:", M. Walid Qoronfleh *

2 Drug Discovery and Molecular Cardiology Lab, Department of Bioinformatics, School of Life Sciences, Bharathidasan University, Tiruchirappalli, 620204, India
® Molecular Gerontology Lab, Department of Biochemistry, School of Life Sciences, Bharathidasan University, Tiruchirappalli, 620204, India

¢ Department of Food Science and Nutrition, CAMS, Sultan Qaboos University, Muscat, Oman

d Ageing and Dementia Research Group, Sultan Qaboos University, Muscat, Oman

€ Research & Policy Department, World Innovation Summit for Health (WISH), Qatar Foundation, P.O. Box 5825, Doha, Qatar

ARTICLE INFO ABSTRACT

Keywords: To date, no effective preventive or curative medical interventions exist against COVID-19, caused by Severe
Covid-19 Acute Respiratory Syndrome corona virus 2 (SARS CoV-2). The available interventions are only supportive and
Mortality rate palliative in nature. Popular among the emerging explanations for the mortality from COVID-19 is “cytokine
\?Zcuc)ilsgy storm”, attributed to the body’s aggressive immune response to this novel pathogen. In less than a year the
Drug repurposing disease has spread to almost all countries, though the mortality rates have varied significantly from country to
Antiviral country based on factors such as the demographical mix of the population, prevalence of comorbidities, as well as
Therapy prior exposure to viruses from the corona family. This review examines the current literature on mortality rates
Decoding across the globe, explores the possible reasons, thereby decoding variations. COVID-19 researchers have noted

unique characteristics in the structural and host-pathogen interaction and identified several possible target
proteins and sites that could exhibit control over the entry of SARS CoV-2 into the host, which this paper reviews
in detail. Identification of new targets, both in the virus and the host, may accelerate the search for effective
vaccines and curative drugs against COVID-19. Further, the ontological approach of this review is likely to
provide insights for researchers to anticipate and be ready for future mutant viruses that may emerge in future.

1. Introduction

COVID-19, a highly contagious respiratory illness caused by Severe
Acute Respiratory Syndrome Corona virus 2 (SARS CoV-2), is believed to
have spread from animals to humans at the local meat and sea food
market at Wuhan, the capital city of Hubei province, China [1]. At first
the disease was assumed to be incapable of spreading between humans.
Though initial outbreak in December 2019 was reported only in Wuhan,
soon cases were found in other parts of China among people not directly
associated with Wuhan meat and seafood market, thus confirming that
intra-human transmission was taking place. On January 30, 2020, World

Health Organization (WHO) declared COVID-19 as global emergency
[2], and on March 11, 2020, upgraded it to a pandemic [3]. By mid
August 2020, 20.6 million confirmed cases and 749,000 deaths were
reported globally [4]. As of mid-November 2020 these numbers have
raised to 53.2 million confirmed cases and 1.3 million deaths, across 220
countries.

The rapidly accumulating research information related to COVID-19
from different parts of the world has created a huge glut of data some of
which are not readily relatable. An ontological approach is expected to
facilitate overall understanding of the biological process, furthering the
likelihood of targeted drug development. Ontology can be defined as a
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set of concepts and categories in a subject area or domain that shows
their properties and the relations between them. Generating molecular
and genetic ontology involves analyzing proteins and genes in associa-
tion with similar other molecules that may have control over various
signaling pathways and developing common concepts. When the same
ontological concepts describe two different species such as host and
pathogen, it may provide fresh ways to understand the mutual interac-
tion between their genes and proteins. Biological terminologies led by
individual proteins and DNA’s were programmed as huge data in com-
puters with a facility to retrieve based on the user’s command. The
ontologies are terminologies or biological verbs collected from various
research publications in the relevant area of research, and hence the
retrieved information has high reliability for the ontological research
application.

Accordingly, this review takes an ontological approach and sum-
marizes the results of coordinated work of interdisciplinary experts who
did not neglect any angle of the drug development. This allows
maximum possible predictions for development of targeted drugs with
no or minimal adverse effects. The ontology provides common termi-
nology that furthers communications between experts in different spe-
cialties engaged in the same quest, such as pharmacology, vaccine
designing, personalized medicine preparation, and new target identifi-
cation. As individual departments tend to prefer specialists in their own
discipline, institutions may need to appoint a team leader with inter-
disciplinary expertise and ontological skills. Being able to identify spe-
cific gene or set of genes, which are activated or suppressed during the
disease condition helps in targeted development of the new drug. The
traditional manual approach makes it tedious to identify a single gene or
gene set in a large group of genes, whereas gene ontology can more
quickly identify the most likely genes and their products which make the
drug development process more reliable, faster and cheaper. Hence,
gene ontology and different branches of biomedical ontology accelerates
development of new drugs, new drug targets, as well as vaccine devel-
opment. Various gene ontology consortia provide a platform that facil-
itates development of an integrated and controlled vocabulary of genes
and gene products. Some of them-such as Gene Ontology (GO), Infec-
tious Disease Ontology (IDO), and Vaccine Ontology (VO)-provide open
source ontological databases to facilitate global cooperation. This paper
discusses the utility of such databases in detail.

2. Historical Overview of COVID-19

The corona virus family contains four sub classifications: alpha, beta,
gamma, and delta, long-known to infect non-human mammals and
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reptiles. The first infection on humans from a mutant zoonotic corona
virus was the 2003 outbreak of Severe Acute Respiratory Syndrome
(SARS). Since then, at least two more instances of previously non-
pathogenic corona viruses infecting humans were reported, namely,
Middle East Respiratory Syndrome (MERS) virus and SARS CoV-2 that
causes COVID-19. Epidemiologists warn of the risk of more pandemics
from mutated corona viruses in the future. In this context, the globally
coordinated efforts of scientists to deeply understand and restrain this
family of viruses from harming humans should be given top priority.

SARS CoV-2 has undergone minimal genomic modification/muta-
tion from the SARS CoV-1, which was responsible for killing 774 people
in the 2003 outbreak [5]. So far, three strains of corona viruses are
believed to infect humans and potentially cause severe symptoms:
MERS-CoV, SARS CoV-1, and SARS CoV-2. MERS virus is another species
coming under the same genus that spread in Middle Eastern countries
after its outbreak in 2012 and killed an estimated 858 people by 2019
[6]. Although these viruses come under the same family with similarities
in the molecular aspects, mode of spread, and similar clinical conditions
among humans, the exhibited behavior of each is different from each
other.

This may be due to factors like rate of reproduction, zoonotic
behavior, and type of clinical manifestation in the host. The reproduc-
tion rate of MERS is represented as RO = 1, while for SARS CoV-1 it is
between 1.7 and 1.9 and for SARS CoV-2 it is 2.5 making the latter
reproduce faster than the other two [7]. Despite the lower reproduction
rate, MERS CoV infections have higher fatality percentage (FP) since
2012, a total of 2,494 confirmed cases resulted in 858 deaths (FP:
34.4%). The lower reproduction rate of MERS may have provided longer
time window for the healthcare systems to control the spread. Right
from the receptor entry into the host cell and the use of antigenic pep-
tides against host cells, MERS-CoV behaves differently from the other
two corona viruses. SARS CoV-1 infection was detected in a total of 8,
089 people between 2002 and 2004, killing 774, representing an FP of
9.5% [9]. On the other hand, the SARS CoV-2 infection with its much
faster reproduction rate, renders COVID-19 spread much faster [8]
causing 20.6 million confirmed cases of COVID-19, while causing far
lower FP 3.9% at 749,000 deaths.

3. Therapeutic Management of COVID-19

As of today, there is no specific treatment for COVID-19, and clinical
management of the COVID-19 patients is through non-targeted therapies
meant for management of the symptoms and preventing secondary
bacterial infections, palliatives. As the infection spreads, there are also

Table 1
Types vaccines as listed by WHO and its mode of action.
S. Type of Vaccine Mode of Action Reference
No
1 RNA Immunogenic region or the antigen of the microorganism’s mRNA sequence will be loaded in the vector vaccine, directly verbek R et al.
triggering antibody production in the host system 2019
2 DNA Immunogenic region or the antigen of the microorganism’s DNA sequence is loaded in the vector vaccine, directly triggering ~ DNAvaccines
antibody production in the host system -WHO
3 Live attenuated virus A lab-weakened form of the pathogenic virusis used to induct immunity in the host system Badgett MR et al.
2002
4 Inactivated virus Particles of killed viruses grown in a controlled environment at the laboratory are introduced into the host. The viral antigens ~ Petrovsky N et al.
present in the particles stimulate the host immune system. 2004
5 Non-replicating viral The viral vectors used for the introduction of the antigenic region to the host cannot replicate inside the host cell. This calls for =~ Marjorie RG 2007
vector booster doses to keep immunity active.
6 Replicating viral As these viral vector scan replicate inside the host system, booster doses are not required. Marjorie RG 2007
vector
7 Virus-like particles Artificially synthesized viral-like particles are introduced into the host system. This precludes the risk of causing virulence in ~ Zeltins A et al.
the host system. 2013
8 Protein subunit A protein subunit vaccine is prepared from a specific immunogenic protein part of the pathogen, which may directly induce Francis MJ 2018

immunity in the host system

Source: WHO 2020.https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines
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expectations of achieving herd immunity.

The proposed therapies can be broadly classified into three cate-
gories:(1) vaccines and new drugs [2], repurposing of existing antiviral
drugs, and [3] non-antiviral drugs and accessory therapeutic manage-
ment strategies.

4. Strategies of Vaccine Development

Esteban et al. in 2020 has extensively discussed vaccine development
against COVID-19 [10], and the current review focuses on different as-
pects of designing vaccine using systems biology approach. Table 1
features the types of vaccines and vaccine platforms as per the WHO
recommendation, except live attenuated and inactivated vaccine plat-
forms, that are not amenable to ontology use among the listed eight. The
excluded two categories use either whole virus or viral parts, hence
there is no opportunity for vaccine design. All other remaining six
platforms that are able to utilize the ontological approach are discussed
here, particularly the methodology towards creating protein subunit
vaccines, the most successful approach to date. Gussow et al. (2020)
systems biology work revealed several antigenic portions of pathogenic
and non-pathogenic corona viruses of all categories, as well as the
possibility of currently non-pathogenic corona viruses gaining patho-
genicity in the future. Gussow’s extensive findings reveal that the
enhancement of nuclear localization signals by nucleo-capsid protein
and insertion on receptor binding motif (RBM) present in spike protein
could render a corona virus potentially pathogenic. Consequently it
might be surmised that the development of a protein subunit vaccine
against RBM may provide immunity against COVID-19 [11]. In addition,
common antigenic regions of current human corona viruses (SARS
CoV-1, SARS CoV-2, and MERS) may remain unaltered in the sequence
for a long period. Therefore, designing a protein subunit vaccine, tar-
geting genetically conserved antigenic regions common to various spe-
cies of corona virus is likely to yield preventive benefits that remain
effective for several years.

A vaccine can be developed in a relatively short period, whereas
understanding and mitigating its adverse effects and making it fit for
human trials is a complex, challenging and time-consuming process.
Until a decade ago, clinical trials used to be the only viable mode of
evaluating the adverse effects of a vaccine. Currently different onto-
logical processes make it easier to anticipate the impediments associated
with vaccine production and its associated adverse effects.

Vaccine Ontology (VO) [12], part of the Vaccine Investigation and
Online Network (VIOLIN) [13], provides several ontologically valuable
pieces of information. The new technologies introduced by the VO and
similar ontological databases help narrow down the likelihood and na-
ture of adverse-effect-causing antigens. The latter could then be sub-
jected to animal studies to evolve techniques to mitigate their adverse
effects, and if successful, the vaccine could be considered for limited
clinical trials. Many research groups use VO to improve the selection of
effective and constructive antigen/antigens for the organism of interest
and to predict its beneficial and adverse effects in their host systems. Hur
et al. (2017) used VO and Interaction Network Ontology (INO) for
selecting and narrowing down specific genes that can be utilized for
vaccine development [14]. In another study performed by Xie et al.
(2016), ontologically identified the adverse events (AE’s) associated
with the tuberculosis vaccine BCG as a treatment for bladder cancer.
They reported many novel findings that include the genes associated
with AE in the immune system, skin, and respiratory system while using
against TB, whereas, they found genes associated with urinary compli-
cations in treating bladder cancer [15].

5. Failure of Antiviral and Non-Antiviral Drugs
Based on the emerging literature on COVID-19 pandemic and pre-

vious knowledge about the SARS and MERS outbreaks, scientists are
working to modify the existing anti-viral drugs to treat COVID-19.
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Lopinavir and Ritonavir were used for previous corona outbreaks and
HIV treatment as well. These drugs are designed to inhibit
chymotrypsin-like cysteine protease known as the 3C-like protease
which is also found in the COVID-19 virus. Lopinavir tends to show
significant activity as a protease inhibitor in vitro whereas Ritonavir is
co-introduced to increase the half-life of Lopinavir [16]. Despite several
studies, Lopinavir/Ritonavir combination has failed to show beneficial
effects against the COVID-19 virus, and is no longer recommended [17,
18]. Another antiviral drug, Remdesvir, is now preferred for its
comparatively beneficial effect to COVID-19 patients [19,20]. Remdes-
vir is a nucleotide analog, which is believed to prevent viral reproduc-
tion [21]. Even though this drug is claimed to be the best in the market,
till now there is no published evidence against any drugs with clinical
evaluation proof. Another antiviral candidate under investigation is
Favilavir (Favipiravir), selectively designed to inhibit the
RNA-dependent RNA polymerase (RdRp) in RNA viruses ([22]). Both of
these drugs work on the same principle, but the problem is that these
drugs are also capable of introducing a mutation in the viral genome that
could make the virus even more dangerous. Even though these drugs are
produced to inhibit viral reproduction, their beneficial effects are highly
limited, and the adverse effects seem to be high that makes the drug fail
in consecutive clinical trials [23]. After the COVID-19 outbreak, several
research teams worked to modify existing antiviral drugs to deal with
the new threat. Riva et al. 2020 has extensively analyzed more than 12,
000 FDA approved small drug-like molecules, out of which they found
100 molecules to inhibit the viral replication, which included 21 known
antiviral drugs. Besides, they identified selected compounds namely
MDL-28170, ONO 5334, and Apilimod in possessing antiviral activity in
iPSC-derived pneumocyte-like cells and primary human lung model
[24]. While the above work was performed extensively in the combi-
nation of in silico and in vitro models, others employed purely in silico
works to identify potent inhibitors of viral replication [25].

Several non-anti-viral drugs are used currently in the treatment of
COVID-19 symptoms. Among them, Chloroquine (CQ) and Hydroxy
Chloroquine (HCQ) are the most prominent. Originally used as anti-
malarial drugs, these were also used to treat chemoprophylaxis, rheu-
matoid arthritis, and some blood disorders, and more recently, to treat
HIV. SARS CoV2 uses endosomes in the host cell for its survival and
Golgi apparatus for its reproduction. Both intracellular organelles are
active only in the acidic environment. CQ and HCQ, being weak bases,
makes the vesicles less acidic, hence makes the viral survival tougher
[26]. Also, these drugs potentially inhibit the IL-6 mediated inflamma-
tory pathway, thereby help prevent the cytokine storm inside the host
system. The problems associated with CQ and HCQ are their strong
adverse effects such as nausea, vision impairment, digestive disorders,
and most importantly prolongation of QT interval, which could lead to
cardiac arrest [27,28]. Despite the risks, CQ/HCQ is often used currently
as a drug of choice to treat COVID-19. CQ/HCQ was officially approved
by the FDA as an emergency alternative at the end of February 2020,
which was revoked later, but the drug is still permitted in some other
countries such as Brazil.

Tocilizumab is another anti-inflammatory drug, used for the treat-
ment of rheumatoid arthritis. It is a monoclonal antibody that specif-
ically inhibits the IL-6 signaling thereby reducing the severity of the
COVID-19 [29]. The non-antiviral drugs discussed above are used as
anti-inflammatory drugs to minimize secondary complications such as
cytokine storm, rather than acting against the viruses. The mechanism of
antiviral drugs discussed here was specified by the manufacturers,
however, the inability of these drugs to stop viral replication indicates a
need for more detailed studies related to host-pathogen interaction.
Such in-depth understanding is vital to identify more vulnerability in the
pathogen and develop drugs that target those.

Apart from pharmacological management, convalescent plasma
therapy (CPT) is also used to treat COVID-19 patients. CPT provides a
pool of antibodies against the virus and provides passive-artificial im-
munity. Even though CPT is believed to be effective in COVID-19
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Fig. 1. Gene ontology database derived interaction of COVID-19’s M protein with host genes. ATP1B1 and ANA6 are highlighted.

patients in the initial stages, it does not appear to have significant
benefits in the acute stages of the disease [30]. Additionally, COVID-19
patients in the ICU affected by hypoxia and sepsis are recommended
mechanical ventilation to maintain the oxygen levels [31,32]. Overall,
the view about the pharmacological aspects of COVID-19 depicts the
need for a better understanding of the patho-physiology of this virus.
Mass analysis of huge data with a different type of experts, including
pharmacologists, virologists, molecular biologists, biochemists, immu-
nologists, and bioinformaticians, and to employ them together under
one umbrella for the identification of a variety of targets for SARS CoV-2
on the host and the virus itself. To facilitate such an integrated approach,
a few systems biology platforms are currently available to analyze high
volume data. Their outputs facilitate better understanding of various
aspects of the host-pathogen interaction. A few key features of these
system-based approaches are discussed below.

5.1. Ontology-based approach for COVID-19

Gene Ontology (GO) is a widely used online database and consortium
used to attribute genes and gene products of different species in biology,
which programs a large amount of experimentally proven and published
data, after the alignment under the specific vocabulary of terms [33]. It
is programmed to collect and organize the huge database on the com-
binations of gene-gene/gene-protein or protein-protein between
different species.

Numerous studies have benefited from the database accessible at the
GO website https://geneontology.org using it to retrieve the information
about host-pathogen interactions, and using the same to identify the
most likely type of proteins that form pathogen interactions with the
host at different levels [34-36]. The GO database was used in an
important research by Gordon et al. (2020) after the COVID-19
outbreak. The researchers cloned and expressed 26 SARS CoV-2 pro-
teins and identified its interactions with human proteins, and exten-
sively used GO to gather the information on proteins interacting with the
host cells, and used protein-protein interaction network analysis to
discover a total of 332 high-confidence protein-protein interactions.
They also reported that compound PB28 could serve as an antiviral drug
that may work as an inhibitor of mRNA translation and a predicted

regulator of sigma-1 and sigma-2 receptors [37].

Despite significant successes, a few wet-lab biologists appear to be
under valuing such outputs as the oretical predictions by computer and
not factual. The reality is that these computers are programmed to
quickly compute multiple permutations and combinations from vast
databases as per the command given by the attributes from the previous
literature. Human mind also tests various permutations and combina-
tions but so slowly that results that well-programmed data analysis can
output in an hour may take six months for a small team. This will also
cause waste of valuable man hours spent in largely routine work. In
addition, gene ontology.org offers several additional tools to narrow
down useable data from the varied information from diverse specialties.
Along with molecular ontological tools, the site provides immuno-
ontology platforms for immunologists to study the dynamics between
the host’s immune system against different types of pathogens and other
variables [38]. The website also gives a separate link that provides basic
understanding of the SARS CoV-2 interaction with human genes and
proteins [39], namely, 1) the functions of human proteins exploitable by
the virus to gain entry into human cell and 2) after viral entry, the
functions of vulnerable human proteins within a cell.

Gene Ontology (GO) constitutes three major components: 1) mo-
lecular function, 2) biological process and 3) cellular component. The
interactions of the given pathogen with the host will be displayed under
three categories and the subcategories by highlighting “strongly reactive
“in dark blue, “moderately reactive” in mild blue, and not highlighting
“non-reactive”. More such user-friendly options are built into the
software.

A preliminary analysis of host pathogen interaction by GO was per-
formed by selecting a membrane protein (M protein) of SARS CoV-2 and
proteins from the host. The virus’s M protein interacted with 30 host
proteins showing high reactivity with sodium/potassium-transporting
ATPase subunit beta-1 (ATP1B1), and moderate reactivity with
Anoctamin-6 (ANO6) gene (Fig. 1). Interestingly, both these protein
products of these genes are highly involved in lung disorders. ATP1B1
gene codes for the beta chain of Na*/K" and H" /K" ATPases and also
codes the subfamily of Na* /Kt -ATPases. Na*/K"-ATPase is an integral
membrane protein responsible for establishing and maintaining the
electrochemical gradients of Na and K ions across the plasma membrane
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Table 2
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Lower COVID-19 infections in previously MERS infected countries in the Middle East.

Name of the Country MERS pandemic

COVID-19% fatality till date 29th July

Confirmed cases Number of deaths

Saudi Arabia 1030 453
United Arab Emirates 77 10
Jordan 19 6
Oman 6 3
Qatar 13 5
Kuwait 3 2

2020
% fatality Confirmed cases Number of deaths % fatality
44% 270,831 2,789 1.03%
13% 59,546 347 0.58%
32% 1,182 11 0.93%
50% 77,904 402 0.52%
39% 109,880 167 0.15%
66% 65,149 442 0.68%

[40]. Another study reported that digoxin, a cardiacglycoside, is effec-
tive in preventing the entry of the Chikungunya virus by blocking
Na™/K' and H'/K'-ATPases pump after screening several clinically
significant compounds through high-throughput screening [41]. More-
over, Li et al. (2019) reported that ATP1B1 is essential for normal lung
function and the down regulation could lead to lung fibrosis [42]. These
two studies revealed a strong link between ATP1B1 and viral entry into
the host cell which has led us to suggest that this protein might be
valuable in developing a drug against COVID-19.

Another human host protein, ANOG6, has been found (via GO) to be
moderately reactive with viral M protein. ANO6 is involved in the C1~
transport in the lung and intestinal tissues. A recent study reported that
ANOEG is essential for the expression and normal functioning of the CFTR
genes and normal lung function. Decreased or no expression of ANOG6 is
reported to be associated with abnormal lung functions [43]. Thus,
simple analyses using GO can give rise to many such interpretations.
With increased collaboration between experts from various fields in GO
platform, all 29 proteins might be speedily identified and analyzed for
COVID-19’s interaction with host proteins. That may well open a po-
tential expressway for identifying more drug targets and positive ther-
apeutics trategies, anticipating future viral mutations, and being ready
to combat them. Dyer et al. (2008) have demonstrated a huge dataset
analysis with protein-protein interaction (PPI) network pertaining to
more than 190 pathogens. They reported that most of the PPI’s (likely
98.3% of 10,477 host-pathogen PPI's) are viral associated. In their
elaborate study, they revealed several GO processes and functions which
may be helpful in the development of new targets to fight against
pathogens [44].

In an earlier study, Karadeniz et al. (2015) revealed by their own GO
modeling, many host-pathogen interacting genes for Brucella. They used
several literature mining protocols and kernel-based methods to extract
the host-pathogen gene interactions [45].

The above mass data analysis experiments demonstrate the high
likelihood of researchers developing comprehensive understanding of
pathogens’ entry modes, survival strategies, reproduction, mutation
potentials and vulnerabilities. Further, by refining the selection process
by modifying and narrowing down variables, it is possible to open up a
new dimension of biological research in the field of not merely COVID-
19 virus, but the entire corona virus family. Hence, during this pandemic
emergency, it is recommended that the scientists utilize the combination
of modern approaches (such as host-pathogen interactions by GO pro-
cess) to identify new drug targets, (i) high throughput virtual screening
for the selection of best ligand to interact with drug target and (ii)
molecular dynamic simulation studies to analyze the stability of the drug
and the target protein. These procedures could possibly help researchers
to accelerate their research against the COVID-19 pandemic to save
millions of affected.

5.2. Lower Mortality among COVID-19 patients in previously MERS-
affected countries

Studies of the COVID-19 infection in the Middle Eastern region yield
some interesting patterns. Several of these countries were previously

MERS affected. As per WHO, MERS was first reported in Saudi Arabia in
June 2012, later it began spreading to more than 27 countries across the
globe. but largely concentrated in the Middle Eastern region. The disease
spread over 12 countries in the Eastern Mediterranean (EMR) region, of
which 8 countries were listed with a significant number of diseases
spread [46]. Surprisingly these 8 countries except Iran, has significantly
lower fatality rates towards COVID-19 infection compared to all other
countries. Table 2 depicts the percentage fatality of MERS infected
countries listed in the MERS fact sheet released by WHO and their cur-
rent situation in the COVID-19 (as of1 gth August 2020). Intruding on to
the possible reason for the lower fatality for COVID-19 infection among
MERS infected countries, it is known that MERS shares 50% of the
genome with COVID-19. The shared regions are more antigenic and
capable of developing host-pathogen interaction. Because of its strong
antigenic nature, the population with mild exposure to MERS virus via
air, aerosols, touch, or by any other mode even with a less pathogenic
dose may provide a natural immunity among them. And therefore if
people from those listed seven Middle East Countries, with a history of
previous spread for MERS, might have gained immunity not only against
its own, also possibly would expect to provide immunity against
COVID-19 because of its sharing genomic nature. The current scenario
depicted the same phenomenon as described above among MERS
infected population, while it is not possible to see a similar picture
among other groups of the population from other countries and the data
sets were collected from the official website of WHO (Table 2). Further,
even regions of the SARS CoV-1 infected population do not seem to have
good immunity against COVID-19. Hence, it is possible to consider that
the antigenic region of MERS CoV could be important for the develop-
ment of subunit vaccines, which may help to fight not only against MERS
and also against COVID-19 as well.

6. Comorbidity and Global COVID-19 Death Rates

COVID-19 infection is appears to be rarely fatal to younger in-
dividuals with healthy immune systems. Societies where COVID-19
mortality rates are high tend to have older residents with comorbid-
ities [47]. Persons with pre-existing conditions such as diabetes, asthma,
high blood pressure and obesity have higher risk of mortality from
COVID-19. As on date, statistics that establish the extent and nature of
comorbidity risk associated with COVID-19 are not available. Never-
theless, the relationship is evident when comparing the COVID-19
deaths of country or region with its usual leading causes of deaths.
Fig. 1 is the graphical representation of different diseases/reasons
leading to the cause of death among the listed top ten COVID-19 affected
countries. It is essential to know the disease pathology at this moment to
correlate the COVID-19 deaths with other conditions.

Against of SARS CoV-1 and MERS viruses the host system’s innate
and adaptive immune response includes large-scale production of type I
Interferons (IFN). Meanwhile against SARS CoV-2, a major defense
consists of production of cytokine pools in the host system. The host cells
are reported to produce a large amount of pro-inflammatory cytokines
including IL-2, 11-7, IL-10, G-CSF, IP-10, MCP-1, MIP-1A, and TNF-«
against SARS CoV-2. Sometimes this can escalate into a dangerous



S.K. Jayachandran et al.

Number of deaths by canse. United States, 2017

0000 AOD0D BO0000 BO0.D00

Dt sgiansies o -Geath e DCEY

Foe o
U 20000 40000 SO0 B000G XN 140000
S0 | HVE Gl Borten et Cistase OB DR T BT 05Y

IS0 7ES

O 20,000 40 00 &2,000 840,000 2E0y0a0 2 800

Soanre BME Cladl Bonderar ISaus

Nummber of deaths by canse, Spain, 2017

Ftrivonal i

TS e P b

00 30000

Durionicin Duti ang'rasss o deat

Number of deaths by canse, Iran, 2007

- Number of deaths by cause, Peru, zog7

120,000 140000

Ourmeriéie Dats argares-of-degk » COTY

E Glokal Burde-ratTiseae

Informatics in Medicine Unlocked 22 (2021) 100486

Number of deaths by canse, Brazil, 2017

500000

e B Do Bredes e Dinemse

Number of deaths by cause. Baly, 2017

T16347

S0.000 100,000 150,005

Sourres (HWE Giokal Bardh

Cuniork

Number of deaths by canse. France, 2o

ol
0 20,0600 w000 100.00G 140,000 1B00
Sowrrn HAE Gkl Barvhen of D arfetdaliteeryom-c-dute

Rumber of deaths by canse, i, 2017

] SO0 1nifon 1S5mifion. Zmilon 25mikon

CuriwidnCos g3 Saxk » OCBY

2113

|

Il

0 S000 10000 15000 0000 25000

OwWordnDationg metes-ot-desth o COHY

Fig. 2. Top 10 countries with the number of high death ratesfrom COVID-19 infection and the comorbidity details of the same. Source https://ourworldindata.org/.
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cytokine storm. Research shows that cytokine storm may lead to pul-
monary inflammation, extensive lung damage, and acute respiratory
distress syndrome (ARDS) [48]. Respiratory failure due to ARDS is
believed to the main reason for COVID-19 related mortalities. Diseases
like cardiovascular diseases (CVD), cancer, dementia, respiratory dis-
orders, and lower respiratory infections are associated with the leading
cause of death in these top 10 countries having high COVID-19 infection
rates. A clear understanding of the comorbidity-induced aggravation of
the disease should explain the higher COVID-19 death rates in these
countries. Since some of these diseases are capable of elevating the in-
flammatory cytokine levels in the patient’s body, susceptibility to
cytokine storm increases, which further leads to the development of
ARDS [49].

Wealthy countries such as the United States and European Union
score high on all the above-mentioned disease conditions as depicted by
their complete screening dataset of their citizens for the given condition.
Several developing countries may also offer similar scenarios. However
data from these countries are often incomplete and sometimes non-
existent. In countries like India, reliable information on co-morbid
states of the population infected by COVID-19 may be not available.
Currently, there is growing understanding of the importance of the

Table 3
Age-associated increase in COVID-19 death rate among different countries.

comorbidity conditions for the prognosis of patients with COVID-19. The
developing world need to give great importance to generating compre-
hensive health datasets on their population which can be used to iden-
tify, target, and generate personalized treatment plans for the most
vulnerable.

7. Ontological Approach to Comorbidity

As there are no specific databases or ontological approaches avail-
able to predict the comorbidity of any particular disease, research ini-
tiatives that predict comorbidity have been initiated. Ko et al. (2016)
instigated the identification of comorbidity associated genes and path-
ways after collecting the information from four different disease data-
bases, namely, OMIM (Online Mendelian Inheritance in Man), HPO
(Human Phenotype Ontology), GAD (Genetic Association Database),
and DO (Disease Ontology). From their experiments, they identified
important genes and pathways commonly involved in different diseases
including diabetes mellitus, ankylosing spondylitis, and other inflam-
matory spondylopathies. They reported that 40% enriched the sharing
of GO terms for interleukin-10 receptor binding, regulation of immune
response, and response to insulin for the above-mentioned diseases [50].

S. Name of the Confirmed COVID-19 Confirmed Population all age groups Population aged Percentage aged b/w Percentage aged b/w

No  Country Cases COVID-19 (000°s) b/w 50-100+ 65-100+
Deaths 50-100+ (000’s)

1 United States 4,426,281 1,51,374 331,002 1,17,838 35.60% 16.63%

2 Brazil 2,484,649 88,634 212,559 54,278 25.54% 9.59%

3 United Kingdom 300,692 45,878 67,887 25,743 37.92% 18.65%

4 Italy 246,488 35,123 60,463 27,610 45.66% 23.30%

5 Mexico 402,697 44,876 128,934 27,249 21.13% 7.62%

6 France 183,804 30,223 65,274 26,155 40.07% 20.75%

7 Spain 280,610 28,436 46,753 19,324 41.33% 19.98%

8 India 1,531,669 34,193 13,80,004 2,67,742 19.40% 6.57%

9 Iran 296,273 16,147 83,994 16,942 20.17% 6.57%

10 Peru 395,005 18,612 32,971 7,437 22.56% 8.72%



https://ourworldindata.org/

S.K. Jayachandran et al.

Immuno Ontology

i

Gene Ontology

Jo

Informatics in Medicine Unlocked 22 (2021) 100486

Comorbidity

!}7;-" —_—

String

anmnIn

”“I“.
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and 4) development of new protein target.

Hence, they strongly recommend that comorbidity, common pathways,
and gene links should be incorporated into treatment plans. Since co-
morbidity is associated with higher death rates (Fig. 2), the same phe-
nomenon can be used to identify common signaling pathways in the case
of COVID-19. Recently technological advancements have facilitated
faster and more accurate identification of co-morbid genes. Zheng et al.
2018 performed the association of co-morbid genes in multiple sclerosis
(MS), psoriasis, and obesity, thereby showing that in addition to genes
and pathways, many drugs also shared common properties to treat these
diseases [51]. Hence, we strongly believe that performing the comor-
bidity analysis for the COVID-19-induced clinical conditions may lead
the researchers to identify some existing drug action-potential against
the current pandemic. The data required for the analysis of comorbidity
can be retrieved from OMIM, HPO, GAD and from DO databases.

7.1. Age and COVID-19

Age is an important parameter for the assessing COVID-19 death risk.
As there are no authenticated reports available to date on age-based
details of COVID-19 deaths, all agencies strongly suggest that the age
is robustly associated with COVID-19 deaths correlating the few existing
reports (Fig. 3). The aging process is known to reduce lung function, by
progressive loss of elasticity of the lung tissue, thus reducing the effi-
ciency of breathing. Above a mean age of 65 years, morbidities such as
diabetes, hypertension, and/or CVD are likely to set in, accelerating any
age-related reduction in respiratory efficiency, make them highly sus-
ceptible for severe COVID-19 infection and high risk of death. Table 3
shows the details of the aged populations in the top 10 countries with
COVID-19 confirmed cases and deaths. Even though the case fatality rate

(CFR) is low in the USA, the proportion of the aged population (>50
years) is high, making them stay at the top of the list. Italy, Spain, France
in particular has more than 40% of the population in the age group of 50
years and above and relies upon the foremost reason for their COVID-19
attack and death.

The population and age-related details of the below table were
collected from the World Bank and the COVID-19 data were compared
manually.

A notable exception is Japan, which, despite 48% of the population
being above 50 years, has very low CFR. The reasons might be specu-
lated variously, perhaps a mix of healthier lifestyle practices, genetic
factors, and higher levels of social discipline making the Japanese more
likely obey instructions for social distancing, mask wearing and main-
taining public hygiene.

Similar to VO and comorbidity databases, there are age-associated
databases which provide information related to aging and related vari-
ables. JeneAge is one of such databases, exclusively dedicated for the
ontological research of age-associated complications [52]. This database
provides information regarding the collection and integration of aging
phenotype data including lifespan information, dietary restrictions, and
chemical compounds [53]. However, this database is still relatively
underused by COVID-19 researchers. Hiihne et al. (2018) used this
database to study the gene network related to the lifespan [54]. The
same strategy can be adopted to study likely age association of genes
that are susceptible to SARS CoV-2 and other corona viruses.

The following schematic representation explains the importance of
the integrated ontological approach to find out effective vaccine and
therapies to tame SARS CoV-2 virus, and eventually the entire corona
virus family.
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8. Conclusion

COVID-19 pandemic has fundamentally disrupted the routine of
human life, whether personal, socio-cultural, economic or political
[55-60]. Research groups around the globe are investing time, effort,
and resources to find a remedy for this unprecedented pandemic.
Relying on the conventional approach to drug discovery or vaccine
development needs to give way to integrated collaborative ones. Here,
the modern ontological approach offers a powerful tool for revealing the
secrets ofthe complex interactions between the genes and proteins of the
pathogen and the host. New insights may lead to paradigm shifting
breakthroughs in the design of novel drugs and vaccines. The published
results and predictions made possible by the new bioinformatics tools is
suggestive of the lower effectiveness of working as a single team or on a
restricted focus towards drug discovery approach or vaccine develop-
ment as explained schematically in Fig. 4.

Wars have produced some of the biggest advances in modern med-
icine. World War II gave us antibiotics. The emerging threat posed by
future mutations in corona viruses is the new war, for which Covid-19 is,
but the practice ground. Unlike how antibiotics vanquished bacteria, the
ongoing war against viruses is far more complex and collaborative. The
past failure of well-established drugs and vaccines against SARS CoV-2
should be studied carefully before getting into new drug development
and shared with the worldwide research community to prevent wasteful
repetitions. Classical methods need to give space to emerging open-
sourced technologies such as gene ontology and other ontologies,
which help evolve target identification tools, and common drug data-
base information may help in the development of effective vaccines and
remedies.
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