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ABSTRACT

Introduction: The ongoing COVID-19 pandemic has wreaked havoc
across the globe. Health systems are grappling with an unprecedented
pressure, as the highly virulent SARS-CoV-2 strain is spreading unhinged,
under a yet to be understood selection pressure. To understand the
underlying causes, and the rapidly evolving disease epidemiology, we
need to look closely and comprehend the evolutionary dynamics of
the Human Coronaviruses or the HCoV.

Methods: The research about this narrative review was conducted using
digital platforms like PubMed/Medline, Semantic Scholar, medXiriv,
Google Scholars, NIH, EMBL repository, John Hopkins CSSE COVID-19
Data, ResearchGate, and all the mentioned published work, peer-
reviewed research articles, and data, have been accessed using the same.

Results: The global rise in COVID-19 incidence and the declining trend
witnessed in CFR clearly indicates rapid adaptability of the virus across
a widespread population encompassing varied genetic make-up, race,
diversity, and others. The last two decades have witnessed two HCoV
related epidemics viz. the highly pathogenic Severe Acute Respiratory
Syndrome Coronavirus or SARS-CoV and MERS-CoV. While both instances
reflect the suspected role of bats as the common reservoir host, the
differing intermediate hosts and subsequent spill over to humans is
alarming.

Conclusions: Through this review, we hypothesise that large-scale
pandemics such as this, with alarming instances of differential case
incidence patterns in widely varied climatic and geographical conditions
put forth the rapid genetic adaptability of coronaviruses. This raises
further concerns of a prospective “amplifying-host” in man keeping in
mind the widely prevalent asymptomatic silent carriers of COVID-19
currently present across the globe.

Keywords: Amplifying Host, COVID-19, SARS-CoV-2, Selection
Pressure, Zoonotic Diseases
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Introduction

The human coronaviruses (HCoVs) are positive-sense,
non-segmented, single-stranded RNA viruses, with seven
different strains including the most recent Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). Since
their first identification in the mid-1960s, they have been
best known as the causative agent of common cold and flu.
It is, however, perplexing as to how exactly these human
coronaviruses of animal origin, went from causing mild upper
respiratory tract infections as in HCoV-229E, HCoV-0OC43,
HCoV-NL63 and HCoV-HKU1, to progressively severe disease
epidemiology as in the first SARS-CoV and Middle East
Respiratory Syndrome Coronavirus (MERS-CoV) outbreaks
of 2002 and 2012, respectively.»? Both SARS-CoV and MERS-
CoV, and the HCoV-NL63 as well as HCoV-229E have most
likely originated in bats, while HCoV-OC43 and HCoV-HKU1
have their suspected origin in rodents.?

In fact, 80% of the viruses that are known to affect humans
propagate within natural reservoir hosts such as pigs, cattle,
poultry animals, bats, birds, and arthropods. When, in
some cases, through the process of zoonosis, these viruses
spillover to human hosts, the result can be described as
exactly what we are facing now: an outbreak.*®

In the process of viruses adapting to the human population,
mutations in the viral genome, re-assortment as well as
genetic recombination events between the virus and host,
could be the critical factors.®”

It is significant to note that a majority of alpha-coronaviruses
and beta-coronaviruses were identified in bats, and many
coronaviruses phylogenetically related to SARS-CoV and
MERS-CoV were also discovered in diverse bat species.®®
This clearly points out the probable sequential mutation
events and recombination of bat coronaviruses, which
further changed during the spillover to intermediate hosts,
and finally acquired the ability to infect human hosts. The
question now is that with a largely asymptomatic host range
within a single species, is it possible to have undetected
“mutation mist” of a yet to emerge, silent reservoir host?
To be precise, is it possible, that the current widespread
infection within the human species, with a huge bulk of
asymptomatic cases, might serve as a perfect working ground
for even more species-specific interaction at the genomic
or epigenomic level? Answering this question would need
extensive evaluation on how the evolution of coronaviruses
from a strictly zoonotic origin gradually blurred the species
barrier to a quickly progressing intra-specific viral-host
range. This review looks into the evolutionary significance
of the coronavirus and the subsequent epidemiological
challenges faced by public health systems due to its rapid
global emergence.
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Methods

The research was conducted using digital platforms like
PubMed/Medline, Semantic Scholar, medXiriv, Wiley
Online Library, Google Scholars, NIH, EMBL repository,
John Hopkins CSSE COVID-19 Data, ResearchGate, and all
the mentioned published work, peer-reviewed research
articles, data, have been accessed using the same. Both
peer-reviewed and non-peer-reviewed publications have
been searched and used, with the medium of language
used being English. All the mentioned databases include a
wide variety of disciplines allied to coronaviruses, zoonotic
diseases, spillover theories, host ranges, viral evolution
and adaptability, mutations, bats, and ecological balance.

Initially, the search was conducted using PubMed with
Medical Subject Headings (MeSH) terms such as, ‘human
coronaviruses,” ‘SARS-CoV,” ‘coronavirus evolution,’
‘zoonosis,” ‘impact of climate change on zoonotic disease
spread,” ‘mutation in coronaviruses,” ‘RNA viruses,” by
different combinations. After this step, relevant keywords
searchable in the article titles and/ or abstracts were added
to expand the search domain. For all other databases, the
same approach was followed. Additionally, through Google
Scholar, other relevant articles were reviewed with respect
to the topic.

The data for case incidences and deaths for calculation of
Case Fatality rate were collected from the John Hopkins
CSSE COVID-19 Data (accessed on30 Apr 2021).

The findings, observations, hypothesis, and comments made
in this review regarding the mentioned topic are based
on published work as listed under the reference section.

Result

A Brief Analysis of Ongoing COVID-19 Pandemic
Data from 01 Mar 2020 to 30 April 2021

The COVID-19 pandemic data in Figures 1 and 2 indicate an
increasing number of cases and a declining trend in Case
Fatality Rate (CFR) from 01 March 2020 to 30 Apr 2021,
the date of last access. This could be attributed to the fact
that testing across the world is taking place at a faster pace
bringing down the CFR with increased cumulative case
incidence, thereby indicating the rapid adaptability of the
virus across a widespread population encompassing varied
genetic make-up, race, diversity, and others.

In the following sections, the rapid turn of this COVID-19
outbreak into a pandemic with an unprecedented
epidemiological challenge will be evaluated along with
all the associated aspects of the SARS-CoV-2 virus, in the
light of evolution and the events that might have led to the
crossing of species barrier from a zoonotic origin.
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Figure |1.Global Daily New Confirmed COVID -19 Cases per million People from 01
March 2020 to 30 April 2021'°
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Figure 2.Global Case Fatality Rate of COVID-19 Pandemic from 01 March 2020 to 30 April 2021 "
* The Case Fatality Rate (CFR) is the ratio between confirmed deaths and confirmed cases

The Epidemiological Face of Recent Coronavirus

The current strain of coronavirus causing the global
pandemic of COVID-19, SARS-CoV-2, is a member of a family
of viruses that cause lower respiratory tract infections,
pneumonia, fever, breathing difficulty, as well as lung
infection.'>” Although present in a wide variety of animal
reservoir hosts, instances of crossing the species barrier
to humans, is rare. The outbreak began with Wuhan as
the epicentre, in December 2019, when patients with
lower respiratory tract infections and an unknown form
of pneumonia started getting admitted to hospitals.'® The
patient zero and the initial cluster of COVID-19 have been
linked to the wet markets of Hubei province where the
first instances of spillover of the zoonotic origin virus are

suspected to have taken place.'®2° But how this strain
garnered such potency in a new host range is a matter of
deep concern. To evaluate the current epidemiological
challenge, we need to analyse the spillover event and its
probable underlying roots in the light of evolution as well
as the history of previous outbreaks in the last two decades.

Coronavirus and Evolving Adaptability

Molecular analysis of several families of viruses responsible
for dengue, Zika, COVID, Human Papilloma virus (HPV)
infection, Human Immunodeficiency Virus (HIV) and others
have shed some light on the nature of specificity and
preciseness that is involved in the viral replication process
among different host species. For a successful replication
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event to happen within a potential host cell, a multitude
of protein-protein interactions must be in place.???

Recent data from genomic analysis suggests that in the
current pandemic, extensive levels of transmission of the
SARS-CoV-2 across divergent populations globally have led to
a large section of identified genetic diversity and subsequent
clades in action.?® While several regions of the SARS-CoV-2
strain have been shown to retain conserved sequences,
others have accumulated significant diversification.?
Homoplastic events due to recurrent mutations specifically
those leading to non-synonymous changes in the amino
acid sequences and concurrently the proteins involved,
hint at the still-adapting virus to its new host range:
humans. It is known that one of the hallmarks of SARS-
CoV replication-transcription activities is the expression of
genomic RNA in the open-reading frame 1a (ORF1a) and
ORF1b, which code for the necessary protein factors. Three
sites identified in Orflab in the regions that encode Nsp6,
Nsp11, Nsp13, including one in the Spike protein have been
found to be regions of recurrent mutation events. These
further highlight the underlying evolutionary trends that
set the coronavirus towards a higher level of human-host
adaptation.®

Role of S Proteins in Viral Adaptability

The Spike or S protein is an important structural component
of coronavirus. It is intrinsically involved in the binding of the
virus to the host receptor as well as processing of the viral
entry complex. For several mammalian and avian variants
of the coronavirus, the S protein is cleaved into S1 and 52.%6
While the S1isinvolved in the attachment process, S2 plays
a role in fusion.?® The high divergence rich S1 contains a
receptor-binding domain (RBD) and the more conserved S2
subunit contains two heptad repeat (HR) domains. These
two domains, especially the RBD, have a critical role in
adaptability towards human angiotensin-converting enzyme
2 (ACE2).%” Studies have shown that a base alteration that
changes residue 479 to asparagine and 487 to threonine, is
a positively selected site-directed mutagenesis that aids in
RBD-ACE2interactions.?”® However, this is just one instance
of sequence change events that are capable of tinkering
with the nuances of changing viral adaptability.?>33

Adaptability Constraints

A fine balance between optimum utilisation of beneficial
host protein reservoir and “host-immune-action” escape
must be maintained for successful host selection and
subsequent survival. It should be noted at this point that
the evolutionary selection process for viruses with a greater
ability to adapt rapidly to new hosts also favours the co-
selection of those deemed more effective at intraspecies
transmission in the new host.>**” This rapid adaptability
constraint comprises two main factors: i) the ability of the
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virus to interact with the host surface protein associated
with its concerned niche, and ii) the scope of transmission
among the new host species.?%*

Overcoming Constraints and Role of Viral Dynamics

For the first factor mentioned above, similarity of the primary
sequence at the interface of the virus-host interactome
plays the most vital role. This can be illustrated well through
the SARS-COV-2 interaction dynamics, recently identified
in humans. The human angiotensin-converting enzyme 2
(ACE2), is a protein that is found on the outer cell membranes
of lungs, arteries, heart, kidney, and intestines.3%4° Sequence
homology data has revealed that this ACE2 protein serves as
a functional receptor for the spike glycoprotein of the human
coronavirus HCoV-NL63, SARS-CoV, and SARS-CoV-2.4041 As
already mentioned, animal reservoirs in nature harbour
many viral strains.15 However, most of them do not pose
a threat to human population due to the species barrier
ensured by the non-equivalent nature of interfaces of virus
interaction among different species. Moreover, the evolving
nature of host cell receptor proteins also acts as a potential
block to rampant host-switching events.>4244

But alarmingly, some bat CoVs have acquired an evolved
spike protein (S protein) variant that can interact with the
human ACE2. In fact, spike protein variants, capable of
ACE2 compatibility have also been found in the randomly
sampled bat population.*® Apart from S protein which is
definitely an important determinant of viral tropism and host
spectrum ranges, other viral protein-encoding genes like
ORF8, can undergo mutations within new hosts and increase
the range of receptor-recognition domains.***° This could
be attributed to high viral plasticity at the genomic level.

Usually, for the vast majority of viruses found in nature,
overcoming the constraints of adapting a perfect mutational
mist that aids in successful and enhancing receptor-mediated
host interactions is a rare chance factor.*® But, in these rare
occasions, in some viruses like in the case of SARS-CoV, fewer
mutational combinations might be potent enough to create
alive-on-arrival viral variants that can begin replicating upon
encountering a human host.

The working bench of such positively selected mutation
events might be the animal reservoir or an intermediate
host species or even “silent-carrier-populations” nurturing
the circulating viral load.*® However, in the evolutionary
perspective, it is essential to keep an open mind that
these mutational combinations must have arisen without
the advantage of being specifically targeted for selection
within the human body. This is because selection can only
occur after replication in humans has begun and also, most
importantly, evolution is the operational tool that favours
selection of an easily spreading strain.>**?

This brings to focus the second factor mentioned in the
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context of virus adaptivity i.e. the scope of transmission
within new host species. Mutation prone RNA-viruses
have higher chances of evolutionarily significant adaptive
selection, thus setting the stage for cross-species
transmission.>*>* But this brings us to an important question,
the virus as evident from current data, is still undergoing
mutations and though the positive selection of those
that increase their survival benefits are favourable, high
levels of random mutation events are detrimental for their
adaptation in the long run in the context of evolution. It
could be hypothesised at this point that a larger selection
pressure is at play. Reservoir hosts such as bats have been
threatened due to a largely disturbed ecological balance by
anthropogenic activities which in turn have set into motion
an unprecedented selection pressure favouring random
mutations and subsequent host-switching events.>®

The Human Coronavirus Spillover Event

The emergence of SARS-CoV in the human population is
a classic example of an RNA virus utilising its molecular
capabilities to alter its host range.” The bat-related
coronaviruses show great genetic diversity®® and are also
one of the oldest known coronaviruses isolated from
other animal species. The SARS-CoV is suspected to have
originated through recombination events within the bat
SARS-related coronaviruses.* It is further hypothesised that
the recombinant virus-infected civets and humans and then
adapted to these hosts before causing the SARS epidemic.
MERS-CoV likely spilled over from bats to dromedary camels
at least three decades ago and since then has been prevalent
in dromedary camels.*® HCoV-229E and HCoV-NL63 usually
cause mild infections in immunocompetent humans®®*° and
their progenitors have recently been isolated in African
bats. While the camelids are likely the intermediate hosts
of HCoV-229E, HCoV-0C43, and HKU1, all being mainly
harmless in humans, have most likely originated in rodents.!

Preliminary studies of phylogenetic history suggest that
there could be an involvement of ancient recombination
events that occurred between bat SARS-like-CoV and the
ancestor of SARS-CoV, which propelled the bat SARS-
like-CoV adaption amongst civets and humans.%¢! The
current SARS-CoV-2 strain bears a 96% similarity to a bat
coronavirus strain Bat-CoV-RaTG13, although there is a
lack of direct evidence to suggest bats as the origin of
spillover to humans.®> Moreover, sequence similarity within
the S protein has also been found between SARS-CoV-2
and that of Bat-CoV-ZXC21 and Bat-CoV-ZC45.5% But as
with SARS-CoV and MERS-CoV, it is hypothesised that in
the current outbreak, an intermediate host is at play. As
for what exactly this intermediate host is, there is still not
enough data to assert that. However, some studies have
shown that the S protein in SARS-CoV-2 bears similarity to
a pangolin-CoV, although the sequence similarity is closer

to bats.* This further shows how the CoV has mutated into
highly adaptable strains in not one but multiple hosts across
different species. The exact sequence of the spillover event
that led to this pandemic is still debatable, but these data
do shed some light and give some tangible hints about the
multispecies-involving complex route of this virus.

Discussion

Rapid globalisation, rampant encroachment of forest areas,
exploitation of wildlife, and rising temperature levels due to
global warming, have changed the ecological homeostasis
of Earth, drastically.5* Viruses have been an intrinsic
part of nature since billions of years, and many animals
including mammals have served as their reservoir hosts.
With appropriate blocks of species barrier and selective
protein-based interactome differences among the species,
the chances of random spillover events were negligibly
low. However, disturbances, in the natural homeostasis
(due to factors mentioned above), has blurred the lines
of host-range expansion among the viruses. Human-to-
human transmission of viruses with high host plasticity
is dangerously facilitated by increased contact between
taxonomically diverse animal hosts, through events
such as domestication, wildlife kept in similar confined
circumstances or those sold in wet markets.>%

From 2002 to 2020, the incidences of SARS, MERS, and Avian
flu epidemics have increased dramatically. As demonstrated
in earlier outbreaks, as well as in the current COVID-19
pandemic, the adaptivity of these zoonotic viruses is
surpassing not only species barrier, but also vastly different
geographical, climatic, and other endogenous factors
involved in viral tropism.®57

The above data clearly suggests that a larger driving
force is at play when it comes to SARS-CoV-2. It can be
hypothesised that this Coronavirus was impacted with
a threat of shrinking host range in the animal reservoir.
The exact reason behind this, although debatable, could
be extreme selection pressure faced at the interface of
a dwindling number of most critical of its reservoir host,
changing climatic factors propagating negative selection
within recognised hosts or other unprecedented challenges
developing over a course of the last two decades.®®

Moreover, as mentioned earlier, evolutionary forces at play
impact viruses towards increased spread that is equivalent
to a higher survival value of a species. Based on this logic,
it can be surmised that when a viral population co-evolving
within a reservoir host suddenly reaches a bottleneck, the
chances of spillover events theoretically increase.

Mutations in the viral genome, genetic re-assortment
as well as recombination events between the virus and
host, could be critical factors.5®” In SARS-CoVs, mutations
leading to positive selection of favourable changes have
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happened at unfathomably faster rates compared to
evolutionary time scales required for natural selection to
act on a change, although this could be attributed to the
fact that RNA viruses have a higher degree of mutation
rates.”*’? Introduction to new host encompassing suspected
intermediate or amplifying hosts or yet to be identified
“mixing pots” could have played a role in this context.?’
The species barrier jump to a new host and subsequent
human to human transmissions of SARS-CoV-2 is notable.
The disease has progressed aggressively yet with wide-
ranging differences in manifestations in a global distribution.
This led to the concept of virus “mutation mist”, which
involves a wide spectrum of mutated virus strains; those
are yet to be selected in nature for spreading and infection.
This “mutation mist” could be the result of the virus-host
interaction. Different reported clades of SARS-CoV-2 for
COVID-19 may be the result of positive selection of the
strains from the virus “mutation mist”.

This hypothesis may further be supported by the fact that
the disease has progressed aggressively yet with wide
ranging differences in manifestations in a global distribution.
Itis already clear that although the species barrier jump to
new host and subsequent human to human transmissions
at this scale is new but the dynamic nature of human
coronaviruses has been evident for long.

Human population has reached 7 billion at an alarmingly fast
rate and this has led to increased interspecies interaction,
owing to interferences. Adding to this burden, the increased
global interaction at an intraspecific level that is within
humans has led to the emergence of humans as a plausible
candidate for a new generation of emerging zoonotic
viruses, rapidly adapting to survive.”®

Moreover, with a large proportion of both symptomatic
and asymptomatic population, it has been difficult to
predict the exact pattern of this dynamic virus in COVID-19
prognosis.” These novel strains like SARS-COV-2, thus
arising, might be remaining asymptomatic in the new
host population i.e. humans, for a certain period, after
which clinical manifestations start developing in susceptible
and immune-compromised individuals. Moreover,
emerging data also suggests how viral interaction can
alter the epigenetic landscape of the host and bring about
subsequent changes in the immune response. Taking all
these players into consideration, the modern face of viral
infection in the human host is immensely complex.”#° This
further necessitates intricate surveillance of these mutation-
recombination based evolution trends, occurring at an
unimaginably fast rate and thus changing the preconceived
time scales of evolution within these viral families. The
presence of a wide range of asymptomatic population
further complicates the situation. The concept of “mutation
mist” or largely undetected silent mutation events, fine-
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tuning positive selection events in a newly acquired host
range becomes a possibility in this regard. Now, that SARS-
CoV-2is en route to becoming endemic amongst the human
population in future, chances of favourable recombination
events contributing to better survivability of virus in new
hosts is high.

The bat population, which has been one of the most
important reservoir hosts of coronaviruses, has been
threatened in recent years by anthropogenic activities that
have imbalanced the ecological homeostasis significantly,
over the two decades. The virus might be on the verge of
a bottleneck event that has forced it towards these host
range shifts further enhanced by positive selection. This in
consequence can propagate undetected mutational events
in a large population and can bring about couple of waves
during the pandemic of the same or mutated strain within
the same host range that is intraspecifically.

With no species barrier in place, the molecular tinkering of
an endemic viral species can give rise to more complicated
strains, thereby further challenging an already bleak
health system trying to understand the epidemiology of
this contagious virus. The occurrence of this pandemic
raises possibilities of more such outbreaks in the future
due to causes encompassing epidemiological, ecological,
environmental, socio-political factors etc. which is aptly
depicted in Figure 3.

Special emphasis to understand the viral-host interaction,
surveillance of viral-adaptability related changes at genomic
level, and species-wide comparisons, including sampling
of both symptomatic and asymptomatic population, can
be crucial in developing effective long-lasting vaccines to
eradicate the chances of future pandemics of such scale.

The world is interconnected more than ever and the human
population is increasing in staggering numbers. Globalisation
together with population explosion has taken a huge toll
on the delicate ecological balance existing for millions of
years. Rampant destruction of forests and other natural
resources have threatened the existence of a wide variety
of wildlife and has brought many to the brink of extinction.
Moreover, an increased population density of humans has
led to more interference and interaction with wildlife. This
has exposed humans to strictly zoonotic infections and has
also given rise to novel variations of pathogens capable of
human to human transmission.

In nature, the ultimate evolutionary force is survival and
propagation. With this point of view, the current pandemic
can be evaluated in the light of viral evolution. Bats that
serve as the main animal reservoir of the coronaviridae
family have been threatened for quite some time due
to the increasing man-animal conflict. Such conflicts
have increased the chances of spillover events to an
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unprecedented level. This raises further concerns of a
prospective “amplifying-host” in man.® It is quite possible
that the large asymptomatic population widely observable

in the current pandemic, has a bigger role to play in the
evolutionary course of the SARS-CoV-2.
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Conclusion

As hypothesised in this article, a mutation mist among silent
carriers prior to wide scale human to human transmission
or viable virulent strains capable of it, might have been
prevalent. Although, in evolutionary terms, the adaptability
shown by the novel coronavirus has been extremely rapid,
yet it cannot be ruled out that chance mutation and spike
protein-ACE2 interactions have been occurring in the
background. It is a matter of concern as to how exactly the
species barrier has been breached and more importantly
at what point in time. This also highlights the fact that
such events are not exclusive and have been increasing in
frequency over the past two decades as a combined effect
of global population rise, changing climate and weather
patterns, ecological imbalance and other contributing factors
of rapid change. Another interesting thing to note is that the
pandemic’s global scale reflects the viral adaptability to a
vast range of climate and geographical barriers. Moreover,
its varied diagnostic characteristic from people to people,
and differential modes of manifestation both in terms of
symptoms and severity, underlies a possible relation of the
SARS-CoV-2 adaptability to genetic as well as epigenetic
makeup of the host. The argument gains favour that man is
probably emerging as a new prospective amplifying host for
the coronavirus. Further analysis and research are necessary
to understand more about its virulence pattern, selection
pressure, and also the question of rapid mutability in the
face of existential threats arising in reservoir hosts due to
anthropogenic causes.

It should ultimately be remembered that the existence
of humans is highly interconnected to all other species
inhabiting this ecological system, at a macro or micro level.
Although the effect might not be direct, yet the slightest
of changes in this balance will offset the entire system and
increase the vulnerability of our species to threats otherwise
masked by delicate barriers and niche segregation.

Conflict of Interest: None
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