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Abstract 

The outbreaks and resurgence: The disease which reportedly began in the Chinese city 
Wuhan in November-December 2019, soon spread to various parts of the world, and was named 
and declared a pandemic disease by WHO. While the European countries were recovering from 
the epidemic, the disease took hold in the USA, the South American countries, Arabian countries, 
and South Asian countries, predominantly aff ecting Brazil, Peru, Iran, and India. Presently, many 
European countries are witnessing a resurgence and recurrent outbreaks of COVID-19.

Spread and evolving new insights: Whereas there is workplace-related infection rise as 
people are returning to their offi  ces, in other places the outbreaks are related to the people 
crowding and meeting care-freely and trying to resort back to their earlier way of life. The 
reopening of the educational facilities across the continents may make matters worse.

Impact on health and healthcare: Most cases of COVID-19 infections go unnoticed and 
are followed by self-recovery. But what may appear good from the clinical perspective, appears 
to complicate epidemiological eff orts to contain the outbreak. With the evolving information about 
the disease, there seem to be certain possible outcomes such as control and containment, or 
the persistence of the disease as global endemic accompanied with outbreaks and resurgent 
episodes. 

Gnetic factors linked to disease severity: With the COVID-19 pandemic, not all infected 
patients develop a severe respiratory illness. Further, there is a large variation in disease 
severity, which may be due to the genetic factors underlying the variable response to the virus. It 
is becoming clear that apart from the advanced age and pre-existing conditions, certain genetic 
constituent factors render some patients more vulnerable to the more severe forms of the 
diseases.

Integration of virus into human genome: A signifi cant part of the human genome is 
derived from viruses especially the RNA viruses. In fact, about 8 percent of the human genome 
is made up of endogenous retroviruses (ERVs), which are viral gene sequences that have 
become a permanent part of the human lineage after they infected our ancient ancestors. With 
this background, a novel concept emerging that if COVID-19 persists for several generations, its 
genetic material is projected to be integrated or assimilated into human genome. The involved 
mechanisms are conceptualized through the transposons or transposable elements of the 
SARS-CoV-2.

The COVID-19 resurgence and recurrent outbreaks 

The disease which reportedly began in Chinese city Wuhan 
in November-December 2019 manifesting as respiratory 
illness with upper respiratory symptoms and pneumonia-like 
illness, soon spread to various parts of the world, and was 

named and declared a pandemic disease by the World Health 
Organization.  The disease soon spread to certain European 
countries. While these countries were recovering from the 
epidemic, the disease took hold in UK and USA, and the South 
American countries, Arabian countries, and South Asian 
countries, predominantly affecting Brazil, Peru, Iran, and India. 
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 Presently, most of the European countries are witnessing 
recurrent outbreaks and a resurgence of COVID-19, whereas 
the epidemic is not yet over in other countries. This calls for 
a need for balanced views about the preventive measures, 
renewed vigilance and new control strategies including the 
enforced lockdown measures speciϐically targeting clusters of 
outbreaks, which play a major role in the disease spread. 

The rising number of cases in European countries, though, 
currently are not comparable to the peaks earlier during 
April- May 2020, is a matter of great concern. The inference 
from data from diagnostic testing appears to suggest that 
these countries might have relaxed the lockdown measures 
too early and too much [1]. In general, the people’s willingness 
to stay alert and stick to new rules about social distancing 
and mask wearing appears to have vanished too, rather than 
becoming part of their behaviour pattern, leading to evolving 
new areas of fresh resurgence and outbreaks. 

Evolving new insights into COVID-19 viral spread

1. Whereas there is workplace-related infection rise 
as people are returning to their ofϐices, in other places the 
outbreaks are related to the younger people crowding, 
meeting and partying care-freely and other people trying to 
resort back to their earlier ways of life. Because most of the 
new outbreaks involve the cases in younger age groups, fewer 
of them die. But it is only a matter of time before the elderly 
people are affected leading to higher mortality. Further, 
reopening the educational facilities across the continents may 
make matters worse.

2. The airborne transmission: The transmissibility of 
SARS-CoV-2 is high. The infected individuals release droplets 
and aerosols containing SARS-CoV-2 by coughing or sneezing. 
The virus-laden aerosols and droplets can lead to short-range 
airborne transmission (~ 6 ft). The transmission may occur 
through fomites also but appears to play a minor role. 

Much depends on the size of the aerosols (< 10-μm 
diameter) and droplets (> 10 μm diameter) which can promote 
infection through direct inhalation and deposition on surfaces 
and subsequent hand-to-mouth/nose/eye transfer (Figure 1).
The suspended airborne droplets appear to persist in the 
air for several minutes. Whereas the smaller aerosols can 
persist for longer durations (several minutes to hours). The 

characteristics of aerosols are dynamic, due to evaporative 
loss of water depending on ventilation, and ambient humidity 
and temperature levels. With decreasing size, their ability 
to disperse in air is enhanced, leading to their transmission 
extending beyond 6 ft from the point of release. 

3. The aerosol size fractions may inϐluence the deposition 
proϐile of SARS-CoV-2 in the lung [2] Thus, whereas the larger 
aerosols (> 4 μm) are predominantly deposited in the upper 
and central airways (i.e., nasopharynx, tracheobronchial) and 
are subject to muco-ciliary clearance, the smaller aerosols 
(< 4 μm) get deposited deeper in the alveoli, having epithelial 
cells rich in ACE2, with enhanced transmission efϐiciency.

4. The emphasis on hand hygiene has been diluted, as it 
is becoming clear that contaminated surfaces may not play 
a large role. Similarly, the emphasis on banning outdoor 
activities is losing focus, as it is becoming established that 
the outdoor activities like jogging, outdoor hospitality, non-
essential shopping, and public transportation are ϐine as long 
as people keep social distancing and wear face masks. Rather, 
the focus is on indoor activities which is the main culprit for 
the virus transmission.

5. The emphasis should now be on targeting outbreak 
clusters and super-spreading events. The studies indicate 
that 10% of patients cause 80% of all the infections, whereas 
most patients to the tune of 90% do not infect further [3]. The 
backward contact tracing is more useful than the forward 
tracing. Further, ϐinding clusters help epidemiologists in 
understanding about the outbreaks. With more stress on 
the long-term care facilities and workplaces, the speciϐically 
targeted measures can help in preventing outbreaks, rather 
than general lockdown measures. These targeted versions 
include encouraging people to work from home and avoiding 
crowded places and banning meetings and gatherings.

6. Using the preventive measures and resources rationally, 
most of the countries are better prepared than before in the 
changed scenario. We are aware of the disease epidemiology, 
the virus transmission kinetics, and equipped with resources 
like PPE kits and masks. Further, the rational behaviour has 
emerged in place of irrational fears about the disease. The 
governmental organizations have developed machinery for 
contact tracing, surveillance and gathering data. 

The impact of the disease on health and healthcare system

While mo st of COVID-19 infections go unnoticed and are 
followed by self-recovery. But what may appear good from 
the clinical perspective, vastly complicates epidemiological 
efforts to contain the disease outbreaks. With the evolving 
information about the COVID-19 so far, there appear to be 
following three possible outcomes. 

Scenario 1: Control and Containment: The disease will 
persist with regional outbreaks and low endemicity. There 

Figure 1: Transmission kinetics for SARS-CoV-2: Droplets and Aerosol Concepts.
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will persist to occur periodic resurgence. The asymptomatic 
transmissions will continue to occur with occasional outbreaks 
and development of epicentres, requiring timely measures to 
curtail further spread.

Scenario 2: Persistence as global endemic: The overall 
mortality among known 2019-nCoV cases is about 2%. It 
appears that about 20% of infected people suffer severe 
disease [4]. Between these two groups are a multitude 
of people with milder forms of the disease, diagnosed or 
undiagnosed, who may or may not seek medical care. Many 
may have no symptoms at all. Thus, the diagnosed cases of 
the disease form the visible part of the largely hidden iceberg 
(Figure 2).

Scenario 3: If the disease goes on to persist and afϐlict 
the human populations over several generations, there are 
anticipated prospects of assimilation of hCoV-19 into Human 
Genome.

Genetic factors in clinical manifestations of COVID-19

With the COVID-19 pandemic, not all infected patients 
develop a severe respiratory illness; the reason for which 
is not apparent. Further, it appears that there is a large 
variation in disease severity, one component of which may 
be due to the genetic variability in the response to the virus 
[5]. The individual response to SARS-CoV-2 exposure and 
the vulnerability of individuals to the infection, and the 
clinical spectrum of COVID-19 are greatly variable (Figure 3).
It is becoming clear that apart from the advanced age and 
pre-existing conditions, such as diabetes, cardiovascular, 
pulmonary, and renal diseases, certain genetic constituent 
factors render some patients more vulnerable to the more 
severe forms of the diseases, as is apparent from the rate of 
hospitalization of younger and apparently healthy individuals.

The host genetic factors have been linked to the variable 
clinical manifestations of the disease [6]. The clinical 
manifestations of COVID-19 patients have further been 
grouped based on (1) need for hospitalization, (2) need for 
oxygen supplementation, (3) progression to respiratory 
failure, or (4) mortality. From the clinical perspective, 
knowledge of host genetic factors could lead to improved 
care for patients with COVID-19. A model to understand 

human genomic variants linked to COVID-19 outcomes can 
be conceived as a continuum from ultrarare to common. 
Further, the genomic factors can be linked to variability in 
the protective immune response and have implications for 
vaccination strategies or could be used to optimally select 
patients for novel therapeutic treatments and trials. 

The Genetic factors and Pathways related to COVID-19 
involve -

The ACE2 gene encoding the ACE2 surface receptor 
associated with SARS-CoV-2 virus. The speciϐic variants 
in the genes and pathways leads to difference in inter-
individual COVID-19 susceptibility and response. The genetic 
polymorphisms in the ACE2 gene, which encodes the ACE2 
receptors and allelic variants of the ACE2 may inϐluence the 
virus binding subsequent to invasion of the cells. 

Genes and pathways related to COVID-19 also include 
other viral receptor genes like related to TMPRSS2. The 
polymorphisms of cellular proteases, which facilitate the entry 
of SARS-CoV-2 into the cell, along with furin and TMPRSS2 - 
have been shown to exist. The TMPRSS2 variants and resulting 
expression may also inϐluence COVID-19 severity, as well. 

The course of the disease is also inϐluenced by the 
inϐlammatory and immune response pathways such as IL-6 
pathway, and genes involved in hypercoagulability and acute 
respiratory distress syndrome. 

Other genes of interest include genes associated with 
ABO blood group [7]. A possible association between the 
genetic variability in histocompatibility complex (MHC) class 
I genes (human leukocyte antigen - HLA A, B, and C) and the 
susceptibility to SARS-CoV-2 and severity of COVID-19 has 
recently been suggested [8]. In Particular, the HLA-B*46:01 
gene product is predicted to exhibit the lowest binding 
capacity to SARS-CoV-2 peptides and the individuals with 
this allele are more susceptible to COVID-19—due to reduced 
capacity for viral antigen presentation to immune cells. On the 
other hand, the HLA-B*15:03-encoded protein has the high 
capacity to present the conserved SARS-CoV-2 peptides that 
are shared among common human coronaviruses, leading the 
patients possessing this HLA genotype to more likely develop 
immunity. Figure 2: The COVID-19: Epidemiological Iceberg.

Figure 3: The clinical spectrum of COVID-19
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Future prospects of COVID-19

Human genome and ERVs: A signiϐicant part of the 
human genome is derived from viruses [9]. In fact, the human 
genome is littered with various dormant viral genes [10]. 
About 8% of the human genome is made up of endogenous 
retroviruses (ERVs), which are viral gene sequences that have 
become permanently integrated parts of the human genome 
after infecting the human population groups during ancient 
times. The expression of these endogenous retroviruses has 
been implicated in diseases like autoimmune disorders and 
breast cancer. But they are also useful for human survival. For 
example, they play an important role as an interface between 
a pregnant mother and the fetus by regulating placental 
development and function. 

Transposable elements or transposons: Viruses are 
ancient and vital simplest genetic constructions. They tend to 
be made of a protective shell, a protein called a polymerase, 
responsible for replicating the viral genome, and a sequence 
of nucleotides — either RNA or DNA — that encodes for the 
viral proteins. A virus may exist in purely genetic form, lacking 
a deϐined body. A stimulus disturbing its dormancy, lets it 
rebuild the physical body from a purely genetic form. The 
physical body bestows means and necessary tools to replicate. 
The disembodied viruses are called transposable elements, 
or transposons, which are mobile genetic elements also 
called jumping genes, and can move in and out of genomes. 
Transposons  are present in all life forms. They are often 
the main components of the moderately repetitive DNA. In 
human beings more than 50% genome is composed of mobile 
elem ents (MEs) or Transposons [11]. 

Due to their past incremental accumulation and ongoing 
DNA transposition, MEs serve as a signiϐicant source for both 
inter- and intra-species genetic and phenotypic diversity in 
the primate and human evolution. The transposons can copy 
and paste themselves throughout genomes (Figure 4). Some 
endogenous retroviruses (ERVs) are themselves transposons. 
As documented, nearly 8% of the human genome is made 
up of ERVs and nearly 50% of the human genome is made of 
transposons. The viruses through transposons are thought to 

play a major role in genetic change and inϐluence the processes 
of evolution and speciation. 

The proteins interacting with viruses: Over the course of 
the last several million years of evolution, the ancient human-
beings likely to have been plagued by a multitude of viral 
epidemics. In this context, the host genomes offer an indirect 
way to detect the ancient epidemics [12]. These pathogens 
have shaped the host genomes by driving large numbers of 
adaptations involving various genes. A past epidemic can 
be detected through the enrichment in signals of adaptation 
at the host proteins th at interact with viruses, called virus 
interacting proteins or VIPs [13]. 

By using the enrichment in signals of adaptation at about 
4,500 host loci that interact with speciϐic types of viruses, 
there has been documented that RNA viruses have driven 
large number of adaptive events across diverse human 
populations. Various types of viruses appear to have exerted 
different selective pressures during human evolution through 
the host VIPs. Further, the interactions with viruses account 
for approximately 30% of protein adaptations in the human 
genome, which have driven human evolution through various 
viral epidemics in past. Further, the analysis of VIPs suggests 
that the certain speciϐic viruses may have indeed driven more 
epidemics than others in recent evolution. 

The novel zoonotic RNA viruses: The RNA viruses are 
potentially the most important group involved in zoonotic 
disease transmission. They have higher probabilities to 
infect new host species because of their exceptionally shorter 
generation times and faster evolutionary rates. As documented 
and highlighted, the RNA viruses are the most common class 
of pathogens responsible for new human diseases, with a 
rate of 2 to 3 novel viruses being discovered each year [14]. 
RNA viruses show remarkable capabilities to adapt to new 
environments and confront the different selective pressures 
they encounter including the host’s immune system and 
defense mechanisms. 

The recent emergence of interspecies-transmitted RNA 
viruses, such as Chikungunya (CHIKV) and Zika (ZIKV) viruses, 
represent new global pandemics. Other zoonotic, highly 
communicable RNA viruses during recent years include Lassa 
fever, Ebolavirus, severe acute respiratory syndrome (SARS), 
Middle East respiratory syndrome (MERS), and Inϐluenza A 
virus (IAV) [15]. 

The proofreading proteins in CoVs: The peculiar rate 
of adaptive evolution of the RNA viruses arises from their 
exceptionally high mutation and substitution rates, with the 
RNA viruses showing greater substitution rates than DNA 
viruses. Further, most RNA viruses lack the proofreading 
ability of RNA Polymerase and Reverse transcriptase. A fallout 
of this is that in long run they lose infectivity as the number 
of non-viable viruses outnumber those viable ones. Whereas Figure 4: Transposons – the drivers of evolution.
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in the case of replicative DNA polymerases of DNA viruses 
and cellular organisms, an exonuclease corrects the possible 
nucleotide misincorporations during the genome replication. 

The coronaviruses (CoVs), like the DNA viruses, have 
the potential proofreading functions as the nsp14 protein 
acts as a 3′-5′ exoribonuclease on both single-stranded and 
double-stranded RNA during the viral replication cycle [16]. 
Through this proof-reading function, the CoVs appear to have 
overcome the limitation, which in most RNA viruses, during 
process of replication, lead to the non-viable virions rapidly 
outnumbering the viable ones, leading to a loss of ϐitness and/
or viral extinction. In addition, the CoVs, like other RNA viruses 
can resort to RNA viral evolution through recombination 
(synthesis of chimeric RNA molecules from two different 
progeny genomes) and reassortment (the packaging within 
a single virion of genomic segments from different progeny 
viruses) [17].

Conclusion
Projected sars-CoV-2 integration into human genome 

Various salient features in structure and physiology of the 
SARS-CoV-2 make it a highly pathogenic RNA virus, which is 
likely to persist as infecting agent and can potentially afϐlict 
the human populations for innumerable years if not for many 
generations. With this background, an emerging novel concept 
holds that if COVID-19 persists for several generations, its 
genetic material is projected to be integrated or assimilated 
into human genome. The involved mechanisms have been 
conceptualised through the transposons or transposable 
elements of the SARS-CoV-2.
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