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Abstract: Background: RNA viruses evolve very fast, with a mutation rate of 10
3
 to 10

5
 base sub-

stitution per nucleotides per copy. The mutation is a survival strategy for the viruses, which leads

them to survive in the new host. Fitness is defined as the replication capacity of the virus in an ex-

perimental setup. Generally, the large population passage of the virus leads to fitness gain, but the

world data of the coronavirus infection and death shows the flattened curve with time. It is contra-

dictory to the principle of fitness gain due to large population passage. The coronavirus is losing its

potency but remains infectious as it is passaging into millions that leads to a decline in the death of

COVID patients and high recovery rates. Fitness loss of coronaviruses attributed to a high level of

mutation in the RNA genome as well as host immune response. The current outbreak of SARS

CoV-2 is surfaced in December 2019 in Hubei province of China and considered as bats/pangolin

origin, spreading 235 countries of the world, infecting nearly 31,664,104 people, and claimed near-

ly 972,221 lives as of September 24, 2020 (Death rate approximately 3%). This coronavirus has

passaged into 31,664,104 people from the beginning of this pandemic until September 24, 2020.

Now the virus is losing potency rather than being monotonous and continuous in producing virus-

related complications. The population is still getting infected at the same rate, but the severity of

the disease is reduced due to the potency of the virus diminished due to the passage effect as well

as fitness loss of the virus due to high mutation rates. The death rate is reduced to 3% as compared

to 6% in June 2020, when this paper was first submitted.

Objective: The purpose of the study is to prove the fact that the coronavirus loses its potency with

time but, they remain infective. It becomes more infectious due to mutation of the gene but loses

the capacity to kill the host.

Methods: Since the WHO announces the COVID-19 outbreak is an emergency of international con-

cern, every country in the world is taking many measures to mitigate the viral load to their popula-

tion. Simultaneously, the WHO, CDC USA, CDC Europe, and much other organization is updating

the COVID cases and death online daily as reported by the respective country. With the help of the

COVID-19 outbreak data published by the European CDC and ourworldindata.org, we correlate

the total cases of coronavirus and total death in the top ten affected countries in the world. We also

link  the  trends  of  total  cases  vs.  total  death  and  total  new  cases  vs.  total  new  death  related  to

COVID-19 in Germany, Spain, the United Kingdom, Italy, and New Zealand from January 30,

2020, until September 24, 2020. The reason to select these countries for the study is that these coun-

tries updating the COVID cases and deaths regularly and said to achieve the peak of COVID relat-

ed infections and recovering from the pandemic.

Results: We have tried to correlate the high mutation rate of the virus that leads to losing its poten-

cy to severe infection and death in the human. Viral extinction through high mutation could be con-

sidered as the new anti-viral strategies.

Conclusion: Coronavirus is losing its potency to causing death to the human. The new infection is

still being reported from every corner of the world, but the death rate is significantly decreasing.

Keywords: SARS Coronavirus-2, COVID-19, mutation, fitness loss, flattened curve, coronaviridae family.
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1. INTRODUCTION
Since the beginning of the 21st century, three major out-

breaks of coronavirus have trembled the world. All of these
three  outbreaksare  zoonotic  in  nature  in  which  the  virus
crossed the species barrier and infected humans (un-natural
host), causing novel pneumonia (Acute to severe Respirato-
ry  Distress).  The  world  noticed  the  first  outbreak  in  2003
with severe acute respiratory syndrome coronavirus (SARS-
CoV),  which  was  bat  origin,  emerged  in  Guangdong
province, China, and spread across five continents, infecting
approximately  9000  people  and  claimed  774  lives  (death
rate 9.6%). The second outbreak was detected in 2012 with
Middle  East  Respiratory  Syndrome  coronavirus  (MERS-
CoV), which was of camel origin. This pandemic first sur-
faced in the Arabian Peninsula spread around 27 countries in
the  world  and  infected  approximately  2500  person  and
claimed almost 858 lives (death rate 34%) [1, 2]. The third
and  current  outbreak  is  surfaced  in  December  2019  with
SARS  CoV-2  and  considered  as  bats/pangolin  origin,
emerged in Hubei province of China, spreading almost all
the countries of the word infecting almost 6,272,098 people
and claimed almost 379,044 lives as of June 3, 2020 (Death
rate  approximately  6%),  whereas  on  September  24,  2020,
31,664,104 people are infected and 972,221 people are died
(Death rate approximately 3%).

The novel coronavirus COVID-19, which induces novel
pneumonia in the human is now renamed as SARS CoV-2,
which is also known as HCoV-19 [3, 4]. The Coronavirus is
an enveloped, pleomorphic virus ranging from 80-120 nm in
diameter.  It  possesses  a  5’  capped  single-strand  posi-
tive-sense RNA genome of 26.2 to 31.7 kb in length.  The
virus belongs to the Coronaviridae family, which is divided
into three genera (I, II, and III i.e. alpha, beta, and gamma
coronavirus, respectively). Group I and III include viruses,
whichare  mostly  animal  pathogen.  Group  II  also  includes
viruses  thatare  veterinary  relevant,  but  OC43,  HKU1,
SARS-CoV,  and  COVID-19  are  human  pathogen  and  can
get entry to humans through the cellular receptor called An-
giotensin-Converting Enzyme 2 (ACE2) (Table 1). The bind-
ing of the viruses to the host cell receptor and fusion with
the cell membrane is considered as the first step of viral in-
fection. The lungs epithelial cells are the primary target of
the virus. Research on SARS-CoV suggests that the transmis-
sion of the virus occurs by binding virus spike proteins to a
cellular receptor, which is identified as Angiotensin-Convert-
ing Enzyme 2 (ACE2) receptor. ACE2 is a type 1 integral
membrane protein, profusely found in the lung alveoli. It is
a mono carboxypeptidase, which hydrolyses angiotensin II
[5].  The genomic sequence of  receptor-binding domain of
COVID-19  spike  (type  I  glycoprotein)  resembles  that  of
SARS-CoV [6].

Hence,  this  finding strongly indicates  that  the  entry of
the  COVID-19  to  the  lungs  epithelial  cells  host  occurs
through the ACE2 receptor. On the other hand, the genomic
sequence of  COVID19 is  50% similar  to  MERS-CoV and

more  than  80% similar  to  SARS-CoV [7,  8],  both  viruses
originated from bats. Likewise, the open reading frame on
gene 8 also signifies the COVID-19 virus of bats origin [9].
The Phylogenetic analysis indicates that the COVID-19 be-
longs  to  the  group  II  (beta  coronavirus)  genus,  which  in-
cludes SARS-CoV, and can infect humans, bats, and wild an-
imals [10, 11]. The viral entry to the host is commenced by
the interaction of spike protein and the host’s lung epithelial
cell. The mechanism of pathogenesis needs to be established
for COVID-19/ SARS CoV-2. It  can be divided into three
phases (i) Replication of virus (ii) Hyperactivity of immune
system  (iii)  Destruction  of  pulmonary  alveoli  [12].  The
spike proteins facilitate the receptor (ACE2) binding as well
as fusion with the cell membrane. The spike protein of coron-
avirus is a class I fusion protein that is assembled in trimers
on the virion surface, which give them a “crown” like ap-
pearance [13], hence named as “corona”. The SARS CoV-2
target  is  Peripheral  Blood  Mononuclear  Cells  (PBMCs),
where they replicate themselves inside [14]. The Peripheral
Blood Mononuclear Cells (PBMCs) are a group of immune
cells that play a key role in providing immunity to the host.
The PBMCs originate from Hematopoietic Stem Cells (HSC-
s) in the bone marrow. The average cell fraction present in
the PBMCs is listed in Table 2. SARS CoV-2 infection leads
to  lymphopenia,  specifically  a  decrease  in  T  cells  and  B
cells.  Evasions  of  the  immune  system  and  lack  of  IFN  α,
IFN β, IFN γ responses leads to increase viral load in the pa-
tient  during  the  initial  ten  days.  Exaggerated  immune  re-
sponse,  no  significant  upregulation  of  MHC  class  I,  and
apoptosis of uninfected lymphocytes are the contributors of
acute lymphopenia, severe respiratory distress, and death. Al-
though  B  cell  and  T  cell  do  not  bear  ACE2 receptor  they
still get infected and die due to direct virus contact [15].

Mutation is a survival strategy for the viruses.The coron-
avirus has mutated over time. The virus does mutate to sur-
vive in the community, and they are interested only in their
survival.Becoming more infective is one of the ways to sur-
vive  and  achieve  high  viral  fitness  but  not  necessary  to
achieve potency to kill the host. According to Dr. Bassetti,
San Martino hospital, Italy, the virus was an aggressive tiger
in March and April and now become a wild cat, who can in-
fect but not kill.  Now the patient with 80 years and above
age also sitting on the bed and breathing without a ventilator
support system, whereas they were dying in 3 days upon gett-
ing infected in March and April [16]. The data shows that
the fitness of the coronavirus to infect increased with time,
as more number of infection is being reported, whereas the
fitness to kill is decreased with time as the data shows, the re-
covery rate of the patients is more than 90%. The world has
152  recorded  32,730,945  coronavirus  cases  and  991,224
deaths since the pandemic 153 until September 28, 2020.

The  purpose  of  the  study  is  to  prove  the  fact  that  the
coronavirus loses its potency with time 155 but, they remain
infective or become more infectious due to mutation of the
gene but loses 156 the capacity to kill the host.
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Table 1. Coronavirus family, hosts, diseases, and receptors.

Group Virus Host Receptor Disease References
I – Alpha coron-

avirus
NL-63 Human ACE2 Respiratory Infection [17]

229E Human Human APN Respiratory Infection [18]

TGEV, PRCoV Pig Porcine APN Respiratory and enteric infection [19]

FeCoV, FIPV Cat Feline APN Respiratory, enteric, and neurologic infec-

tion, and hepatitis

[19]

II – Beta coron-
avirus

OC43 Human Neu5,9Ac2containing moiety Respiratory infection and possibly enteric in-

fection

[20]

HKU1 Human Neu5,9Ac2containing moiety Respiratory infection [19]

SARSCoV Human ACE2 Severe acute respiratory syndrome [5, 6]

COVID

– 19 /

SARS

CoV-2

Human ACE 2 Respiratory;
Acute Respiratory Distress

Syndrome, Pneumonia,

Rhinorrhoea,

Sore throat

Systemic
High WBC count

Increase ESR

Increase Inflammatory cytokines – IL2, IL7,

IL10,TNFa

Fever, Cough, Fatigue, Hemoptysis,

Cardiac injury, Hypoxemia,

Dyspnoea Diarrhoea

[5, 6]

BCoV Cow Neu5,9Ac2containing moiety Enteric infection [21]

III – Gamma coron-
avirus

IBV Chicken Not

Determined

Respiratory infection, hepatitis [22]

Turkey corona virus Turkey Not

Determined

Respiratory and enteric infection [22]

Table 2. Correlation Analysis of COVID cases in Germany; A. Correlation analysis of initial 28 days starting when the 1st death re-
ported B. Correlation analysis of overall data since WHO declared the outbreak as an emergency condition for international con-
cerns.

A B
- Total Cases Total Death New Cases New Death - Total Cases Total Death New Cases New Death

Total cases 1.000 - - - Total cases 1.000 - - -

Total death 0.954 1.000 - - Total death 0.083 1.000 - -

New
cases

0.752 0.579 1.000 - New
cases

0.975 -0.084 1.000 -

New
death

0.944 0.915 0.742 1.000 New
death

0.066 0.597 -0.051 1.000

1.1.  Host  Receptor  Adaptation and Evolution of  SARS
CoV

Coronavirus,  Ebola,  Nipah are transmitted by the bats,
lead  to  the  outbreak  several  times  in  the  recent  past  [23].
The bats and snakes are considered as the natural reservoirs
of these viruses [24]. The virus outbreaks are attributed to
the  viral  species  jump  from  reservoir  animals  to  humans.
The Influenza type A virus has jumped many times in the
past  from  their  reservoir  host;  birds  and  pigs,  to  humans
[25]. The human Immunodeficiency virus is also acknowl-
edged being jumping from primates to humans [26]. Similar-
ly, the coronavirus SARS CoV-1 and SARS CoV-2 transmis-
sion were also attributed to be an inter-species jump from

bat to human in the year 2003 and 2019 [27-30]. The SARS
CoV-2 belongs to the beta coronavirus family, which is con-
sidered to be transmitted to a human directly from the bats
or  via  an  intermediate  host  such  as;  minks  and  pangolins
[31,  32].  Earlier  studies  suggest  that  ancestor  SARS CoV
was not capable of binding ACE2 [33], but later it acquires
the capability of binding to ACE2 due to the plasticity of the
spike  glycoproteins.  The  surface  spike  protein  undergoes
rapid evolution during epidemic or pandemic situations [34].
Surface glycoprotein recombination and adaptation are con-
sidered as the reason for interspecies transmission from the
reservoir to the human. The spike protein of coronavirus and
host’s receptor (ACE2) interaction is considered as the im-
portant elements for regulating interspecies transmission and
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tissue  tropism  [35].  Studies  also  suggest  that  the  SARS
spike  proteins  can  recognize  the  ACE2  receptors  of  bat,
civet, mouse, and raccoon dog for docking and entry leads
to interspecies transmission [36-38].  Hence,  these animals
can also be the carrier of the virus. The spike protein of the
coronavirus is incredibly plastic; it can accommodate the ad-
dition or deletion of 681 nucleotides without losing its dock-
ing  and  entry  capabilities  to  the  ACE2  receptor  of  lung
epithelial  cells  [39-41].

1.2. Adaptation in Serial Passages and Fitness of Viruses
The viruses  are  completely  depending on  the  host  cell

machinery such as surface proteins, translation factors, ribo-
somes, and Golgy apparatus for their replication and distribu-
tion of their progeny. Together with the immune resistance
of the host, the high rate of mutation also affects the fitness
of the virus to replicate and remain infectious. The coron-
avirus is  an RNA virus and studies suggest  that  the virus-
containing RNA genome evolves very fast,  because of the

high  mutation  rate  of  10
3
 to  10

5
 base  substitution  per  nu-

cleotides per copy [42]. Consequently, the virus population
becomes the collection of closely related virus species with
a non-identical genome called quasispecies [43]. The term
quasispecies  was  first  introduced  by  Eigen,  Schuster  and
their team in 1979 [44]. The quasispecies refers to an RNA

virus  that  has  the  mutation  rate  of  10
5
 in  their  genome,

hence, the clones and their progeny of the virus population
consist of different but related genomes. Therefore, quasispe-
cies  is  the  RNA  virus,  which  is  the  mixture  of  mutated
clones and their progeny. The mutation makes them adapt-
able to survive with increased fitness [45]. The diversity in
the  RNA  genome  of  RNA  viruses  allows  rapid  evolution
and  resistance  to  host  immune  system as  well  as  antiviral
drugs [46]. Holland and Martinez suggested that the fitness
of  the  RNA  viruses  change  and  adapt  very  rapidly  to  the
new host [47, 48]. The quasispecies of virus evolves due to
continuous mutation whose fitness depends on the environ-
ment they are replicating [49]. The decreased potency of the
virus is attributed to the changing virus population as well as
the  immunity  of  the  host.  Upon  50  rounds  of  plaque  to-
plaque passage of  an RNA virus FMDV (Foot  and Mouth
Disease Virus) in a repeated genetic bottleneck leads to fit-
ness decrease [50]. The authors observed FMDV loses its ca-
pacity to produce infectious viral progeny as well as a de-
crease in fitness of the virus through repeated the bottleneck,
which  leads  to  FMDV clones’  extinction.  Viral  extinction
through high mutation could be considered as the new an-
ti-viral strategies.

2. STUDY DESIGN
We refer to the COVID data provided by the CDC Eu-

rope  published  by  ourworldindata.org  [51]  online  until
September 24, 2020. The graph is plotted for the total no of
cases vs. total death and new cases vs. new death in the top
ten affected countries in the world (Fig. 1). Furthermore, the
individual  graph  is  also  plotted  for  the  individual  country
such  as;  Germany,  Spain,  United  Kingdom,  Italy,  and
Turkey for the same parameters. These countries are said to

achieve the  peak of  the  COVID-19 infection.  Fig.  (2)  and
Table 2 represent the COVID-19 data analysis for Germany.
Fig. (3) and Table 3 explain the trends in total no of cases
vs. total death and new cases vs. new death for Spain. Simi-
larly,  Fig.  (4)  and Table  4  represent  the  United  Kingdom,
Fig. (5) and Table 5 for Italy, and Fig. (6) and Table 6 repre-
sent Turkey for COVID-19 related infection and deaths. Fur-
thermore, we calculated the correlation analysis of the avail-
able data using Microsoft Excel by Spearman’s Rank Corre-
lation method. This method is a non-parametric method of
correlation estimation. It is used to determine the correlation
between the ranks of different variables. The degree of corre-
lation is presented as +1, -1, and 0 for Perfect Positive, Per-
fect Negative, and Uncorrelated, respectively. When the val-
ue lies between 0.50 and 0.75, the degree of correlation is
high, and when it lies between 0.25 and 0.50, the degree of
231 correlation is low.

3. RESULTS AND DISCUSSION
The trend of total no of cases vs. total death and new cas-

es vs. new death in the top ten affected countries shows the
flattened curve (Fig. 1). The COVID cases and related death
is increasing exponentially until April 2020, later it shows
the steady growth in infection and deaths. The infection is
not equal to death. The rate of death is decreasing compared
to COVID infection since April 2020. The COVID data of
Germany start showing the decreasing trends in new coron-
avirus infection and deaths since May 3, 2020, when for the
first time, only 793 new cases are reported in one day, with
74 deaths (Fig. 2). Later these trends are decreasing continu-
ously. The correlation analysis table also supports this data,
where we can observe that the correlation value of total new
cases and total new death in the initial 28 days are 0.75 and
0.57, whereas, the overall correlation value until September
24, 2020, shows the total new cases 0.97 and total new death
value  of  -0.08  (Table  2).  Observing  the  data  from  Spain,
(Fig. 3), the new cases and new death start decreasing since
May 9, 2020, when 743 new cases and 227 deaths are report-
ed in one day for the first time pandemic begins. Later this
trend is  continuously decreasing until  today and the Govt.
planning to lift the lockdown sanction in stepwise manners.
The correlation analysis table also supports this data, where
we can observe that the correlation value of total new cases
and total new death in the initial 28 days are 0.86 and 0.75,
whereas,  the  overall  correlation  values  are  0.88  and  0.22
Table 3. The COVID data of the United Kingdom start show-
ing the decreasing trends in new coronavirus infections and
deaths since June 2, 2020, when for the first time, only 1570
new cases are reported in one day with 556 deaths (Fig. 4).
Now, these trends are constantly decreasing, and lockdown
is being relaxed. The correlation analysis table also supports
this data, where we can observe that the correlation value of
total new cases and total new death in the initial 28 days are
0.98  and  0.95,  whereas,  the  overall  correlation  values  are
0.98 and 0.19 (Table 4). Observing the data from Italy, (Fig.
5), the new cases and new death start decreasing since May
14, 2020, when 888 new cases and 195 deaths are reported
in  one  day  for  the  first  time  pandemic  begins.  Later  this
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trend is  continuously decreasing until  today and the Govt.
planning to lift the lockdown sanction in stepwise manners.
The correlation analysis table also supports this data, where
we can observe that the correlation value of total new cases
and total new death in the initial 28 days are 0.98 and 0.96,
whereas,  the  overall  correlation  values  are  0.99  and  -0.09

(Table 5). Last but not least, the COVID data of Turkey start
showing the decreasing trends in new coronavirus infection
and deaths since May 21, 2020, when for the first time, only
972 new cases are reported in one day with 23 deaths (Fig.
6).  Now,  these  trends  are  constantly  decreasing  and  lock-
down is being relaxed.

Table 3. Correlation Analysis of COVID cases in Spain; A. Correlation analysis of initial 28 days starting when the 1st death report-
ed B. Correlation analysis of overall data since WHO declared the outbreak as an emergency condition for international concerns.

A B
- Total Cases Total Death New Cases New Death - Total Cases Total Death New Cases New Death

Total cases 1.000 - - - Total cases 1.000 - - -

Total death 0.981 1.000 - - Total death 0.469 1.000 - -

New cases 0.862 0.756 1.000 - New cases 0.880 0.227 1.000 -

New death 0.983 0.943 0.890 1.000 New death -0.048 0.282 -0.060 1.000

Table 4. Correlation Analysis of COVID cases in the United Kingdom; A. Correlation analysis of initial 28 days starting when the 1st
death reported B. Correlation analysis of overall data since WHO declared the outbreak as an emergency condition for international
concerns.

A B
- Total Cases Total Death New Cases New Death - Total Cases Total Death New Cases New Death

Total cases 1.000 - - - Total cases 1.000 - - -

Total death 0.989 1.000 - - Total death 0.208 1.000 - -

New
cases

0.980 0.955 1.000 - New
cases

0.989 0.197 1.000 -

New
death

0.980 0.983 0.974 1.000 New
death

-0.088 0.832 -0.048 1.000

Fig. (1). COVID cases and death for top ten affected countries. The graph is plotted for the total no of cases, total no of death, total no of
new cases, and total no of new death with respect to time. (A higher resolution / colour version of this figure is available in the electronic
copy of the article).
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Fig. (2). COVID-19 cases vs. death trend analysis and correlation analysis for Germany (Data from 30-01-2020 to 24-09-2020). (A higher re-
solution / colour version of this figure is available in the electronic copy of the article).

Fig. (3). COVID-19 cases vs. death trend analysis and correlation analysis for Spain (Data from 30-01-2020 to 24-09-2020). (A higher resolu-
tion / colour version of this figure is available in the electronic copy of the article).

Table 5. Correlation Analysis of COVID cases in Italy; A. Correlation analysis of initial 28 days starting when the 1st death reported
B. Correlation analysis of overall data since WHO declared the outbreak as an emergency condition for international concerns.

A B
- Total Cases Total Death New Cases New Death - Total Cases Total Death New Cases New Death

Total cases 1.000 - - - Total cases 1.000 - - -

Total death 0.996 1.000 - - Total death -0.032 1.000 - -

New
cases

0.983 0.969 1.000 - New
cases

0.995 -0.095 1.000 -

New
death

0.980 0.978 0.955 1.000 New
death

-0.083 0.914 -0.124 1.000



High Mutation Rate Leads to Fitness Loss for COVID-19 e310821191321 Coronaviruses, 2021, Vol. 2, No. 11

7

Fig. (4). COVID-19 cases vs. death trend analysis and correlation analysis for United Kingdom (Data from 30-01-2020 to 24-09-2020). (A
higher resolution / colour version of this figure is available in the electronic copy of the article).

Fig. (5). COVID-19 cases vs. death trend analysis and correlation analysis for Italy (Data from 30-01-2020 to 24-09-2020). (A higher resolu-
tion / colour version of this figure is available in the electronic copy of the article).

Table 6. Correlation Analysis of COVID cases in Turkey; A. Correlation analysis of initial 28 days starting when the 1st death report-
ed B. Correlation analysis of overall data since WHO declared the outbreak as an emergency condition for international concerns.

A B
- Total Cases Total Death New Cases New Death - Total Cases Total Death New Cases New Death

Total cases 1.000 - - - Total cases 1.000 - - -

Total death 0.999 1.000 - - Total death -0.285 1.000 - -

New
cases

0.917 0.904 1.000 - New
cases

0.993 -0.323 1.000 -

New
death

0.938 0.931 0.947 1.000 New
death

-0.237 0.891 -0.266 1.000
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Fig. (6). COVID-19 cases vs. death trend analysis and correlation analysis for Turkey (Data from 30-01-2020 to 24-09-2020). (A higher reso-
lution / colour version of this figure is available in the electronic copy of the article).

The  correlation  analysis  table  also  supports  this  data,
where we can observe that the correlation value of total new
cases and total new death in the initial 28 days are 0.91 and
0.90,  whereas,  the  overall  correlation  values  are  0.99  and
-0.32 (Table 6).

The  degree  of  correlation  of  new  cases  and  deaths  is
high in the initial 28 days whereas, the overall correlation is
low or negative for all the countries. It is pertinent to men-
tion that the 28 days is counted from the day, the first death
is reported in that particular country. Those data are consid-
ered  as  the  baseline  for  comparing  the  overall  data  of  the
coronavirus infection and deaths.  Hence,  we can conclude
that the coronavirus is losing its potency to causing death to
the human. The new infection is still being reported from ev-
ery corner of the world, butthe death rate is significantly de-
creasing. The rate of a new infection is also reduced in many
countries  of  the  world  including  China.  As  we  know,  to
have no specific treatment or vaccine for the SARS CoV-2,
but  the  infected  patients  are  getting  recovered  with  littler
death compared to the beginning of the pandemic. We have
tried  to  correlate  the  high  mutation  rate  of  the  virus  that
leads to losing its potency to severe infection and death in
the human. Viral extinction through high mutation could be
considered as the new anti-viral strategies.

CONCLUSION
It can be predicted that the mutation and evolution of the

RNA  viruses  will  continue  and  some  “new”  human  RNA
viruses like SARS CoV-3 or MERS CoV-1 will emerge and
the older disease like COVID-19 will disappear or become
less significant. The new RNA virus disease will continue to
emerge at the uncertain interval and the virus will not be real-
ly “new” but rather mutated and evolved from their ancestor
one, which will have a high capacity to infect and survive in
the new host. Because the large fraction of the genome can

be substituted, expanded, contracted, recombined, and rear-
ranged, the direction of the RNA genome evolution of RNA
viruses is unpredictable. This usually favors the evolution of
RNA  viruses,  which  leads  to  species  jump  and  an  unpre-
dictable “NEW” outbreak.

ETHICS APPROVAL AND CONSENT TO PARTICI-
PATE

Not applicable.

HUMAN AND ANIMAL RIGHTS
No animals/humans were used for studies that are the ba-

sis of this research.

CONSENT FOR PUBLICATION
Not applicable.

AVAILABILITY OF DATA AND MATERIALS
Not applicable.

FUNDING
None.

CONFLICT OF INTEREST
The authors declare no conflict of interest, financial or

otherwise.

ACKNOWLEDGEMENTS
Declared none.

REFERENCES

Zumla A, Hui DS, Perlman S. Middle East respiratory syndrome.[1]
Lancet 2015; 386(9997): 995-1007.



High Mutation Rate Leads to Fitness Loss for COVID-19 e310821191321 Coronaviruses, 2021, Vol. 2, No. 11

9

http://dx.doi.org/10.1016/S0140-6736(15)60454-8  PMID:
26049252
Yousefi B, Valizadeh S, Ghaffari H, Vahedi A, Karbalaei M, Esla-[2]
mi M. A global treatment for coronaviruses including COVID-19.
J Cell Physiol 2020; 235(12): 9133-42.
http://dx.doi.org/10.1002/jcp.29785 PMID: 32394467
Gorbalenya  AE,  Baker  SC,  Baric  R,  et  al.  The  species  severe[3]
acute respiratory syndrome-related coronavirus: classifying 2019-
nCoV  and  naming  it  SARS-CoV-2.  Nat  Microbiol  2020;  5:
536-44.
http://dx.doi.org/10.1038/s41564-020-0695-z PMID: 32123347
Jiang S, Shi Z, Shu Y, et al. A distinct name is needed for the new[4]
coronavirus. Lancet 2020; 395(10228): 949.
http://dx.doi.org/10.1016/S0140-6736(20)30419-0  PMID:
32087125
Belouzard S, Millet JK, Licitra BN, Whittaker GR. Mechanisms[5]
of coronavirus cell entry mediated by the viral spike protein. Virus-
es 2012; 4(6): 1011-33.
http://dx.doi.org/10.3390/v4061011 PMID: 22816037
Wan Y, Shang J, Graham R, Baric RS, Li F. Receptor recognition[6]
by the novel coronavirus from Wuhan: an analysis based on de-
cade-long structural studies of SARS coronavirus. J Virol 2020;
94(7): e00127-20.
http://dx.doi.org/10.1128/JVI.00127-20 PMID: 31996437
Ren LL, Wang YM, Wu ZQ, et al. Identification of a novel coron-[7]
avirus causing severe pneumonia in human: a descriptive study.
Chin Med J (Engl) 2020; 133(9): 1015-24.
http://dx.doi.org/10.1097/CM9.0000000000000722
http://dx.doi.org/32004165
Lu R, Zhao X, Li J, et al. Genomic characterisation and epidemiol-[8]
ogy of 2019 novel coronavirus: implications for virus origins and
receptor binding. Lancet 2020; 395(10224): 565-74.
http://dx.doi.org/10.1016/S0140-6736(20)30251-8  PMID:
32007145
Cui J,  Li  F,  Shi  ZL.  Origin and evolution of  pathogenic coron-[9]
aviruses. Nat Rev Microbiol 2019; 17(3): 181-92.
http://dx.doi.org/10.1038/s41579-018-0118-9 PMID: 30531947
Zhu N, Zhang D, Wang W, et al. A novel coronavirus from pa-[10]
tients  with  pneumonia  in  China,  2019.  N  Engl  J  Med  2020;
382(8): 727-33.
http://dx.doi.org/10.1056/NEJMoa2001017 PMID: 31978945
Weiss  SR,  Navas-Martin  S.  Coronavirus  pathogenesis  and  the[11]
emerging  pathogen  severe  acute  respiratory  syndrome  coron-
avirus. Microbiol Mol Biol Rev 2005; 69(4): 635-64.
http://dx.doi.org/10.1128/MMBR.69.4.635-664.2005  PMID:
16339739
Tsui PT, Kwok ML, Yuen H, Lai ST. Severe acute respiratory syn-[12]
drome: clinical outcome and prognostic correlates. Emerg Infect
Dis 2003; 9(9): 1064-9.
http://dx.doi.org/10.3201/eid0909.030362 PMID: 14519241
Bosch  BJ,  van  der  Zee  R,  de  Haan  CA,  Rottier  PJ.  The  coron-[13]
avirus spike protein is a class I virus fusion protein: structural and
functional  characterization  of  the  fusion  core  complex.  J  Virol
2003; 77(16): 8801-11.
http://dx.doi.org/10.1128/JVI.77.16.8801-8811.2003  PMID:
12885899
Li L, Wo J, Shao J, et al. SARS-coronavirus replicates in mononu-[14]
clear cells  of  peripheral  blood (PBMCs) from SARS patients.  J
Clin Virol 2003; 28(3): 239-44.
http://dx.doi.org/10.1016/S1386-6532(03)00195-1  PMID:
14522061
Hamming  I,  Timens  W,  Bulthuis  ML,  Lely  AT,  Navis  G,  van[15]
Goor H. Tissue distribution of ACE2 protein, the functional recep-
tor  for  SARS  coronavirus.  A  first  step  in  understanding  SARS
pathogenesis. J Pathol 2004; 203(2): 631-7.
http://dx.doi.org/10.1002/path.1570 PMID: 15141377
Bassetti  M,  Vena  A,  Giacobbe  DR.  The  novel  Chinese  coron-[16]
avirus (2019-nCoV) infections: Challenges for fighting the storm.
Eur J Clin Invest 2020; 50(3): e13209.
http://dx.doi.org/10.1111/eci.13209 PMID: 32003000
Hofmann H, Pyrc K, van der Hoek L, Geier M, Berkhout B, Pöhl-[17]
mann S. Human coronavirus NL63 employs the severe acute respi-
ratory syndrome coronavirus receptor for cellular entry. Proc Natl

Acad Sci USA 2005; 102(22): 7988-93.
http://dx.doi.org/10.1073/pnas.0409465102 PMID: 15897467
Li W, Moore MJ, Vasilieva N, et al. Angiotensin-converting en-[18]
zyme 2 is a functional receptor for the SARS coronavirus. Nature
2003; 426(6965): 450-4.
http://dx.doi.org/10.1038/nature02145 PMID: 14647384
Yeager CL, Ashmun RA, Williams RK, et al. Human aminopepti-[19]
dase N is a receptor for human coronavirus 229E. Nature 1992;
357(6377): 420-2.
http://dx.doi.org/10.1038/357420a0 PMID: 1350662
Krempl C, Schultze B, Herrler G. Analysis of cellular receptors[20]
for  human  Coronavirus  OC43.  Adv  Exp  Med  Biol  1995;  380:
371-4.
http://dx.doi.org/10.1007/978-1-4615-1899-0_60 PMID: 8830510
Popova R, Zhang X. The spike but not the hemagglutinin/esterase[21]
protein of bovine coronavirus is necessary and sufficient for viral
infection. Virology 2002; 294(1): 222-36.
http://dx.doi.org/10.1006/viro.2001.1307 PMID: 11886280
Casais R, Dove B, Cavanagh D, Britton P. Recombinant avian in-[22]
fectious bronchitis virus expressing a heterologous spike gene de-
monstrates that the spike protein is a determinant of cell tropism. J
Virol 2003; 77(16): 9084-9.
http://dx.doi.org/10.1128/JVI.77.16.9084-9089.2003  PMID:
12885925
Malik  YS,  Sircar  S,  Bhat  S,  et  al.  Emerging  novel  coronavirus[23]
(2019-nCoV)-current scenario, evolutionary perspective based on
genome  analysis  and  recent  developments.  Vet  Q  2020;  40(1):
68-76.
http://dx.doi.org/10.1080/01652176.2020.1727993  PMID:
32036774
Ji W, Wang W, Zhao X, Zai J, Li X. Homologous recombination[24]
within the spike glycoprotein of the newly identified coronavirus
may boost cross-species transmission from snake to human. J Med
Virol 2020; 92: 433-40.
http://dx.doi.org/10.1002/jmv.25682 PMID: 31967321
Herfst S, Schrauwen EJ, Linster M, et al. Airborne transmission[25]
of  influenza  A/H5N1  virus  between  ferrets.  Science  2012;
336(6088):  1534-41.
http://dx.doi.org/10.1126/science.1213362 PMID: 22723413
Gao F, Bailes E, Robertson DL, et al. Origin of HIV-1 in the chim-[26]
panzee  pan  troglodytes  troglodytes.  Nature  1999;  397(6718):
436-41.
http://dx.doi.org/10.1038/17130 PMID: 9989410
Ströher U, DiCaro A, Li Y, et al.  Severe acute respiratory syn-[27]
drome-related coronavirus is inhibited by interferon- α. J Infect
Dis 2004; 189(7): 1164-7.
http://dx.doi.org/10.1086/382597 PMID: 15031783
Ravi V, Haribabu B. nCovid-19 in 2020: From despair to hope.[28]
Coronaviruses 2020; 1(1)
http://dx.doi.org/10.2174/2666796701999200621202839
Song HD, Tu CC, Zhang GW, et al. Cross-host evolution of se-[29]
vere acute respiratory syndrome coronavirus in palm civet and hu-
man. Proc Natl Acad Sci USA 2005; 102(7): 2430-5.
http://dx.doi.org/10.1073/pnas.0409608102 PMID: 15695582
Zheng BJ, Wong KH, Zhou J, et al. SARS-related virus predating[30]
SARS  outbreak,  Hong  Kong.  Emerg  Infect  Dis  2004;  10(2):
176-8.
http://dx.doi.org/10.3201/eid1002.030533 PMID: 15030679
Cheng  ZJ,  Shan  J.  2019  Novel  coronavirus:  where  we  are  and[31]
what we know. Infection 2020; 48(2): 155-63.
http://dx.doi.org/10.1007/s15010-020-01401-y PMID: 32072569
Lam TT, Shum MH, Zhu HC, et al. Identification of 2019-nCoV[32]
related coronaviruses in Malayan pangolins in southern China. Na-
ture 2020; 583(7815): 282-5.
http://dx.doi.org/10.1038/s41586-020-2169-0 PMID: 32218527
Ren W, Qu X, Li W, et al. Difference in receptor usage between[33]
severe  acute  respiratory  syndrome  (SARS)  coronavirus  and
SARS-like  coronavirus  of  bat  origin.  J  Virol  2008;  82(4):
1899-907.
http://dx.doi.org/10.1128/JVI.01085-07 PMID: 18077725
Chinese SARS Molecular Epidemiology Consortium. Molecular[34]
evolution of the SARS coronavirus during the course of the SARS
epidemic in China. Science 2004; 303(5664): 1666-9.



Coronaviruses, 2021, Vol. 2, No. 11 e310821191321 Parvez et al.

10

http://dx.doi.org/10.1126/science.1092002 PMID: 14752165
Bolles M, Donaldson E, Baric R. SARS-CoV and emergent coron-[35]
aviruses:  viral  determinants  of  interspecies  transmission.  Curr
Opin Virol 2011; 1(6): 624-34.
http://dx.doi.org/10.1016/j.coviro.2011.10.012 PMID: 22180768
Hou Y, Peng C, Yu M, et al. Angiotensin-converting enzyme 2[36]
(ACE2) proteins of different bat species confer variable suscepti-
bility to SARS-CoV entry. Arch Virol 2010; 155(10): 1563-9.
http://dx.doi.org/10.1007/s00705-010-0729-6 PMID: 20567988
Xu L, Zhang Y, Liu Y, et al. Angiotensin-converting enzyme 2[37]
(ACE2) from raccoon dog can serve as an efficient receptor for
the  spike  protein  of  severe  acute  respiratory  syndrome  coron-
avirus. J Gen Virol 2009; 90(Pt 11): 2695-703.
http://dx.doi.org/10.1099/vir.0.013490-0 PMID: 19625462
Sheahan T, Rockx B, Donaldson E, Corti D, Baric R. Pathways of[38]
cross-species transmission of synthetically reconstructed zoonotic
severe  acute  respiratory  syndrome  coronavirus.  J  Virol  2008;
82(17): 8721-32.
http://dx.doi.org/10.1128/JVI.00818-08 PMID: 18579604
Vaughn EM, Halbur PG, Paul PS. Three new isolates of porcine[39]
respiratory coronavirus with various pathogenicities and spike (S)
gene deletions. J Clin Microbiol 1994; 32(7): 1809-12.
http://dx.doi.org/10.1128/JCM.32.7.1809-1812.1994  PMID:
7929779
Gallagher TM, Parker SE, Buchmeier MJ. Neutralization-resistant[40]
variants of a neurotropic coronavirus are generated by deletions
within the amino-terminal half of the spike glycoprotein. J Virol
1990; 64(2): 731-41.
http://dx.doi.org/10.1128/JVI.64.2.731-741.1990 PMID: 1688627
Rowe  CL,  Baker  SC,  Nathan  MJ,  Fleming  JO.  Evolution  of[41]
mouse hepatitis virus: detection and characterization of spike dele-
tion  variants  during  persistent  infection.  J  Virol  1997;  71(4):
2959-69.
http://dx.doi.org/10.1128/JVI.71.4.2959-2969.1997  PMID:
9060655
Drake JW, Holland JJ. Mutation rates among RNA viruses. Proc[42]
Natl Acad Sci USA 1999; 96(24): 13910-3.

http://dx.doi.org/10.1073/pnas.96.24.13910 PMID: 10570172
Domingo  E.  Quasispecies  and  RNA  virus  evolution:  principles[43]
and consequences. J Virol 2002; 76(1): 463-5.
http://dx.doi.org/10.1128/JVI.76.1.463–465.2002
Eigen M, Schuster P. The hypercycle: A principle of self-organiza-[44]
tion. Berlin, Heidelberg: Springer 1979.
http://dx.doi.org/10.1007/978-3-642-67247-7
Granoff A. Induction of newcastle disease virus mutants with ni-[45]
trous acid. Virology 1961; 13(4): 402-8.
http://dx.doi.org/10.1016/0042-6822(61)90270-7  PMID:
13707857
Domingo E. RNA virus evolution and the control of viral disease.[46]
Prog Drug Res 1989; 33: 93-133.
http://dx.doi.org/10.1007/978-3-0348-9146-2_5 PMID: 2687948
Holland JJ, de la Torre JC, Clarke DK, Duarte E. Quantitation of[47]
relative  fitness  and  great  adaptability  of  clonal  populations  of
RNA viruses. J Virol 1991; 65(6): 2960-7.
http://dx.doi.org/10.1128/JVI.65.6.2960-2967.1991  PMID:
2033662
Martínez MA, Carrillo C, González-Candelas F, Moya A, Domin-[48]
go E, Sobrino F. Fitness alteration of foot-and-mouth disease virus
mutants: measurement of adaptability of viral quasispecies. J Vi-
rol 1991; 65(7): 3954-7.
http://dx.doi.org/10.1128/JVI.65.7.3954-3957.1991  PMID:
1645804
Holland  J,  Domingo  E.  Origin  and  evolution  of  viruses.  Virus[49]
Genes 1998; 16(1): 13-21.
http://dx.doi.org/10.1023/A:1007989407305 PMID: 9562888
Lázaro E, Escarmís C, Pérez-Mercader J, Manrubia SC, Domingo[50]
E. Resistance of virus to extinction on bottleneck passages: study
of  a  decaying  and  fluctuating  pattern  of  fitness  loss.  Proc  Natl
Acad Sci USA 2003; 100(19): 10830-5.
http://dx.doi.org/10.1073/pnas.1332668100 PMID: 12960384
Roser M, Ritchie H, Ortiz-Ospina E, et al. Coronavirus pandemic[51]
(COVID-19)  –  the  data.  Available  from:https://ourworldinda-
ta.org/coronavirus


	High Mutation Rate Leads to Fitness Loss for Coronavirus Quasispecies
	Abstract: Background
	Objective:
	Methods:
	Results:
	Conclusion:
	Keywords:
	1. INTRODUCTION
	Table 1.
	3. RESULTS AND DISCUSSION
	Table 3.
	Table 4.
	Fig. (1).
	Fig. (3).
	Table 5.
	Fig. (4).
	Fig. (5).
	Table 6.
	Fig. (6).
	CONCLUSION
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES



