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Abstract
The outbreak of the infectious and rapidly expanding coronavirus disease 19 (COVID-19) caused by the SARS-CoV-2 virus has led
to a devastating eﬀect on public health and the global economy. The daily country-wise updates from the World Health Organization
on the number of infected cases and death rates show diverse statistics. In this study, the mutation rate of six proteins of SARS-CoV-2
over the last four months (April – July 2020) was correlated with the death rate utilizing 7200 genome sequences from various countries.
From our ﬁndings, we suggest a signiﬁcant correlation between the mutation rates of NSP6 and Surface glycoprotein with the death rate.
Additionally, a cumulative mutation rate of these two proteins with the death rate of three major cluster countries enabled us to hypothesize
that mutations of these 2 proteins would grow consistently while the death rate would drop below 0.5% by end of 2020 in cluster I
countries. Hence, we propose that with the current mutation rate trend, the COVID-19 death rate would signiﬁcantly weaken by the end
of this year. In addition, decrease in death rate and infectivity is also depends on the prevention measures and therapeutics approaches
adopted in diﬀerent regions.
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INTRODUCTION
The COVID-19 pandemic caused by Severe Acute Respiratory
Syndrome Virus (SARS-CoV-2) is a beta-coronavirus containing
29,903 nucleotides-long single-stranded RNA genome. After the first
report at Wuhan, China, in December 2019, the disease was spread
over 230 countries within a couple of months. It was believed that,
like other beta-coronaviruses, SARS-CoV-2 is a human zoonotic
pathogen sharing almost 96% similarity with BatCoV RaTG13 which
was found in horseshoe bats [1]. Over the last couple of decades,
viral zoonotic infection [2] caused by avian influenza, chikungunya
virus, nipa virus, hantaviruses, SARS-CoV-1, MERS (middle east
respiratory syndrome), etc have significantly impacted human health
and economy. It is to be believed that zoonosis viruses evolve through
mutations in the viral genome, altering the structure of surface
proteins thereby leading to a change in host specificity.
In the past century, diseases which were acquired from animals
wreaked havoc, e.g. ‘Spanish flu’ and ‘Hong Kong flu’ causing 5060 million deaths all over the world. In current times, urbanization,
increased global travel, changes in land use, and changes in the
environment [3,4] has led to the likelihood and spread of infectious
diseases. From the past, it can be determined that pandemics like
influenza in 1918, 1957, and 1968 years slowly subsided either via
acquiring heard-immunity or by loss of infectivity of the virions,
by accumulating a cluster of mutations after several months of
replications in the population [5]. Viruses have smaller genome size
and therefore, are prone to accumulate mutations at a much higher
rate when compared to other organisms with larger genome sizes. It
has been shown that spontaneous mutation rate varies among viruses
compared to DNA viruses, single-stranded RNA viruses (ssRNA)
mutate faster. The mutation rates of ssRNA viruses are influenced by
polymerase fidelity, proofreading, secondary structure, replication
mechanisms, sequence, and access to post-replicative repair systems
[6].
Comparative analysis based on more than 7000 genomes of
SARS-CoV-2 indicated that the virus has a very high mutation rate for
various structural genes [7]. An accurate estimation of the mutation
rate of the viral genome is often considered complex [8]. The viral
genome mutations are represented as substitutions per nucleotide per
cell infection (s/n/c), and the rate of mutation ranges from 10−8 – 10−6
s/n/c for DNA viruses whereas the mutation rate for RNA viruses
ranges from 10−6 – 10−4 s/n/c. Therefore, it could be argued that after
several rounds of multiplication across a wide range of population
zoonotic RNA viruses, such as SARS-CoV-2 may accumulate a wide
range of mutations. Optimistically, we could believe that some of
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those mutations could result in loss of infectivity. In this study, we
have calculated the mutation rate of specific proteins of SARS-CoV-2
over the last four months (April-July 2020) and correlated with the
death rate caused by COVID-19 across various countries. We were
able to show a significant correlation between the mutation rates
of a couple of proteins with the death rate. We have also proposed
that with the calculated rate of mutation, the COVID-19 pandemic
may be significantly weakened by the end of this year. However, the
factors such as epidemic management strategies to curb community
spread and discovery of novel drugs and treatment protocol could
significantly impact this prediction.

MATERIALS AND METHODS
Genes and amino acid sequences
For the current study, four structural and two nonstructural
proteins of the SARS-CoV-2 were selected. The full-length protein
sequences of the six SARS-CoV-2 proteins were retrieved from the
NCBI GenBank and the downloaded data were arranged monthwise for each of the proteins. A total of 41,304 SARS-CoV-2 protein
sequences isolated from 49 different countries, deposited in the NCBI
as of 31st July 2020 were utilized. Table 1 lists the number of protein
sequences of the SARS-CoV-2 virus used in the current study.
Calculation of mutation rate
By comparing the protein sequences of six SARS-CoV-2
structural and nonstructural proteins base pair differences were
identified. Briefly, Multiple Sequence Alignment (MSA) of each
of the amino acid sequences of SARS-CoV-2 proteins with their
respective reference sequences of SARS-CoV-2_Wuhan (accession
numbers
YP_009725302,
YP_009724396,
YP_009724390,
YP_009724393, YP_009724397, and YP_009724392) was performed
using CLUSTALW with default parameters. The multiple sequence
Table 1: Total number of SARS-Cov2 genomes sequenced from March-July
2020 which were used as a resource for the studies.
Country names

Total number of
sequences

March

Australia, China, India, USA + 36 countries

3357

April

Australia, Bangladesh, China, India, USA +12
countries

2181

May

Australia, Bangladesh, China, India, USA + 6
countries

635

June

Australia, Bangladesh, China, India, USA + 3
countries

668

July

Australia, Bangladesh, USA

43

Month
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alignment helped in constructing an aligned view of query sequences
based on an evolutionary relationship. Using the recorded variations
corresponding to the reference amino acid residues a mutation profile
was generated. Hence, an elaborative month-wise mutation profile
for all the six proteins of SARS-CoV-2 was created. The mutation rate
was calculated using the formulae mentioned below.
Mutation Rate = (Number of unique mutations / Number of
SARS-Cov2 sequences) X 1000
Calculation of death rate
To analyze the death rate month-wise data for total cases and
deaths over the period from March to July 2020 was derived from
a web platform [9]. The month-wise death rate was calculated by
simply dividing the number of deaths in a month by the number of
cases reported for the month. The complete calculated death rate is
presented in table 2.

Table 2: Covid-19 cases and deaths rate tabulated for the months March-July
2020.
Cumulative data of 49 countries of
Months (2020)

Number of
cases

Number of
Deaths

Death Rate/ 1000
cases

March

687327

34604

50.35

April

1490791

99428

66.69

May

2507683

173926

69.36

June

3434107

149320

43.48

July

4746206

155342

32.73

Death Rate = (Number of deaths/ Number of COVID-19 cases
reported). X 1000.
Statistical analysis
A correlation coefficient between the mutation rate and the
global death rate for the six proteins was calculated using Pearson’s
correlation method. Also, regression statistical analysis was performed
on selected proteins using the ANNOVA test.

RESULTS AND DISCUSSIONS
Selection of proteins for the study
The viral RNA once inside the host cell encodes for both structural
and nonstructural proteins. The structural proteins play an important
role in host recognition and infection, whereas several non-structural
proteins aid the process of replication and assembly of the virion to
enhance infection efficiency. In the present study, four structural
and two non-structural proteins were selected from 7195 genomes
sequenced across different geographical regions and analyzed for
mutational changes for over the last four months (March-June 2020).
NSP6: The Non-Structural Protein 6 (NSP6) is a putative
transmembrane protein translated from the largest gene (ORF1ab
polyprotein) of SARS-CoV-2, which is predicted to act as membrane
anchor during assembly of the viral replication complexes [9]. The
290 amino acid residues long sequence of NSP6 protein, produced
by both pp1a (polyproteins short) and pp1ab (polyproteins long) was
downloaded from NCBI (YP_009725302). The mutation rate of NSP6
protein was observed to be 11.6 in March followed with a gradual dip
in May (4.75) and then rise in June (14.97). This was one of the two
proteins where we noticed a higher mutation rate of 46.5 in July when
compared to the previous month. The number of unique mutations
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identified for the last 4 months was as follows April (23), May (3),
June (10), and July (2). Previous reports have stated a significant role
of L37F missense mutations in viral infection [10], in our analysis
frequency of L37F mutation across all months was observed to be
higher.
ORF8 protein (ORF8): The non-structural protein 8 (121
amino acid residues) is known to have a possible role in host-virus
interactions (UniProtKB-P0DTC8; NCBI-YP_009724396). This
protein showed variation in mutation rate ranging from 6.25 in
March to 9.49 in May. The two prominent mutations on position 24
with a change from serine to leucine and position 84 leucine to serine
were noticed across all months in ORF8 protein.
Surface glycoprotein (S): The longest of the four proteins, S protein
(1273 amino acids; UniProtKB-P0DTC2; NCBI-YP_009724390)
is involved in initiating the infection by interacting with the host’s
Angiotensin-Converting Enzyme 2 (ACE2) receptor and therefore
playing an important role in rapid human to human transmission
[11]. It was noted from the line graph that S protein showed a gradual
increase in the rate of mutation from 38.72 in March to 50.39 in June.
This was the second protein wherein we observed that the July month
mutation rate was higher (68.86) than the previous month. Unique
mutations encountered in S protein were 85 in April, 32 in May, 46
in June, and 6 in July. The mutation frequency of D614G was highest
across all months.
Membrane glycoprotein (M): The M protein (222 aa; UniProtKB P0DTC5; NCBI-YP_009724393) is a component of the viral envelope
which plays a central role in virus morphogenesis and assembly via its
interactions with other viral proteins. In figure 1, M protein had the
highest mutation rate (9.03) in June.
Nucleocapsid phosphoprotein or Nucleoprotein (N): The N
protein (419 aa; UniProtKB-P0DTC9; NCBI-YP_009724397) holds
a fundamental role during virion assembly through its interactions
with the viral genome and M protein, in enhancing the efficiency
of sub-genomic viral RNA transcription as well as viral replication.
For N protein the mutation rate in May was 31.57 which gradually
decreased to 26.77 in June. In total, 212 mutations were identified
in N protein, with 53 in April, 17 in May, and 20 in June with S194L
mutation occurring dominantly across all months.
Envelope small membrane protein (E): The E protein (UniProtKBP0DTC4; NCBI-YP_009724392) similar to M protein plays a vital
role in virus morphogenesis and assembly. It also acts as a viroporin
and self-assembles inside host membranes forming pentameric
protein-lipid pores that allow ion transport. The mutation rate in the
E protein was highest in June (5.98) and least in May (1.5)
3.2. The total number of unique mutations identified in all six
SARS-CoV-2 proteins is represented using a mosaic plot. Figure 2,
represents the unique mutations per kb of the genome in different
months. The highest number of mutations was observed in S and N
proteins. These 2 proteins being the longest out of the six proteins,
could be one of the possible reasons for accumulating more mutations,
however in order to normalize the mutation rate we have expressed
the mutation as per KB of genome.
SARS-CoV-2 genome data collection
The amino acid sequences for the six viral proteins were retrieved
from the NCBI (www.ncbi.nlm.nih.gov) and were segregated as per
their genome sequencing date (March-July 2020). Table 1 lists the
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Figure 1: Analysis of the amino acid sequences of structural (A) and non-structural proteins (B) of SARS-CoV-2 is plotted in diﬀerent months showing increase in
mutation rate of the viral proteins from March – Jun 2020.

Mutation analysis
Protein sequences of SARS-CoV-2_Wuhan (accessions:
YP_009725302, YP_009724396, YP_009724390, YP_009724393,
YP_009724397, and YP_009724392) were used as reference in this
study. All these genomes were sequenced in China in December
2019/ January 2020. Mutations in the six SARS-CoV-2 structural
and nonstructural proteins were scored manually from multiple
sequence alignment. A mutation profile that records all the variations
corresponding to the reference amino acid residues was prepared
for each of the proteins and tabulated for all months. An elaborative
month-wise tabulation of mutation profile for all proteins NSP6, S,
N, E, M, and ORF8 shows a consistent increase over the last three
months (Figure 1).
COVID-19 cases and death rate
Month-wise data for total COVID-19 cases (infection) and
deaths over the period from March to July 2020 were collected from
a web platform [12]. The death rate per 1000 cases was derived and
tabulated in table 2. It was observed that the death rate was at its peak
during May and showed a downward trend in June and July. This
motivated us to compare the mutation rate with the death rate to
draw our initial hypothesis that the death rate and mutation rate are
inversely proportional.
Comparative analysis of COVID-19 cases and death rate
A comparative analysis of the global death rate and cumulative
mutation rates of all six proteins used in the study indicated that the
death rate is inversely proportional to the mutation rate. The slope
for the death rate (1.29) and cumulative mutation rate (0.79) was
derived from the data of April, May, and June. The slope value is
used to calculate the mutation rate and death rate, and the projected
comparison is presented in figure 3. The data analysis clearly
illustrated that by November 2020 the cumulative mutation rate of
the six protein will be close to 500/ kb of the genome which will lower
the global death rate to 1.1%.
Regression analysis was done to score the impact of mutation of
each gene on the death rate (Table 3). Among the six proteins used
in the study, a significant positive relationship between the death
rate (global) and mutation rate was noted in the case of NSP6 and
S proteins [r (5) = 0.081-0.83 p < 0.1]. The p-value for ORF8 and
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% unique mutaƟon per kb

number of protein sequences of the SARS-CoV-2 virus used in the
current study.

Figure 2: Month-wise unique mutations of six proteins of SARS-CoV-2 showing
the highest amount of mutations in S and N gene per 1000 bp of genome.

M proteins are marginally higher (p > 0.13) than the p-value of
NSP6 and S (Table 3). As the p-value of NSP6 and S proteins were
comparatively lower than other proteins (M, N, E, and ORF8), the
cumulative mutation rate of these two proteins was calculated with
the death rate of three major clusters Cluster I (genomes sequenced
from India and Bangladesh), Cluster II (genomes sequenced from
United States) and Cluster III (genomes sequenced from Australia
and New Zealand).
Analysis of the mutation rate and death rate was performed for
these three clusters which is represented in figure 4. The cumulative
mutation rate of NSP6 and S proteins is highest in cluster I, followed
by cluster II and cluster III. Over the last three months, a sharp
decline in death rate is also observed for cluster I and cluster III
(Figure 4). Independent analysis of the calculated death rate of these
three clusters indicated that by the end of 2020 the death rate of
cluster I will decline below 0.5%, whereas the death rate of cluster III
will be below 1%, and the death rate of cluster II will be around 1.5%
(Figure 5). Therefore, it could be predicted from the analysis that in
the cluster I countries (India and Bangladesh) the virion of SARSCoV-2 will accumulate more mutations for NSP6 and S proteins
and the death rate will be significantly reduced to >0.5% by the end
of 2020. As the rate of mutations of these two proteins is slower in
cluster II country (USA) the calculated death rate of COVID-19 will
be 1-1.5% by the end of 2020. It could be predicted that high mutation
of NSP6 and S will result (a) defective virion assembly, (b) which may
inhibit subsequent infection, (c) negatively impact the geometric
progression of viral titer, and (d) lower death rate. Lower viral titer
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will provide a competitive advantage to the host immune system to
fight the infection efficiently.

CONCLUSION
There have been pandemic outbreaks in the past which affected
larger populations of the world such as the century-old Influenza
pandemic or 1780s smallpox or other outbreaks from cholera in the
1830s to HIV-AIDS in the 1980s. But, on a positive note, there are
lessons to be learned from the past. First, the naming of the virus is
important. For instance, naming coronavirus initially as ‘Chinese flu’
gave the wrong indication of the limited spread of this disease to China
and thereby delayed the response to the pandemic threat. Second,
social distancing is presently the only available preventive measure for
this disease, lately, people have started behaving responsibly because
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We propose that a similar strategy of correlating country-wise
mutation and death rates could be estimated in a big-data platform
and AI models could be developed to eradicate COVID-19 pandemic
in a much precise manner. In the model, integration of efficient
treatment, epidemic management, and vaccination strategies could
also be added to the mutation rate of structural and non-structural
proteins (viz., NSP6 and S proteins). Country-wise mapping of
unique mutations in structural genes and docking studies could open
windows on host-pathogen interactions, infectivity, and mortality.
This data could be used for developing personalized treatment
strategies. The ongoing trials in vaccine development across the
globe and progressive treatment methodologies would certainly
contribute in the next quarter of the year to significantly weaken
this pandemic. In this scenario along with the frontline workers and
researchers, people could also contribute by social distancing, using
a face mask, and following hygiene guidelines to help break the chain
and reduce the burden on the healthcare system. Sequencing Monte
Carlo sampling method was used to study the structural changes
due to ongoing mutations of SARS-CoV-2 for developing efficient
management of the epidemic [13].

JUL, 2021

AUG, 2021

JUN, 2021

APR, 2021

MAY, 2021

FEB, 2021

MAR, 2021

JAN, 2021

NOV, 2020

DEC, 2020

SEP, 2020

OCT, 2020

JUL, 2020

AUG, 2020

JUN, 2020

APR, 2020

0

Time (months)
Figure 3: Cumulative mutation rate of the six proteins of the SARS-CoV-2
and death rate of COVID-19 were plotted for April-June 2020 (actual data).
Calculated mutation rate and death rate derived from slope were also plotted
for Aug 2020-Aug 2021.
Table 3: Regression analysis of mutation rate of structural and non-structural
proteins and global death rate was scored using ANNOVA.
Regression Statistics calculated with death rate vs mutation rates
NSP6

ORF8

S

M

E

N

Multiple R

0.83

0.87

0.81

0.87

0.77

0.83

R Square

0.69

0.76

0.62

0.76

0.59

0.69

Standard Error

10.04

7.61

10.09

7.59

9.80

8.62

Observations

5

4

5

4

4

4

P-value

0.083

0.131

0.099

0.130

0.229

0.172
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The viral genome has undergone a series of mutational changes
over the period since its parent genome has been released. Among
the structural and non-structural proteins, NSP6 and S showed a high
degree of correlation with the death rate. Cumulative mutation rates
of these two proteins showed a high degree of correlation with the
death rate in three focused clusters (I, II, III). All these studies have
helped us to propose that, the mutation rate of NSP6 and S proteins
are lower in cluster II country (USA) than in cluster I and cluster III
countries. Therefore, we propose that the death rate of the COVID-19
pandemic in cluster II country (USA) will weaken later than cluster
I and III countries (India, Bangladesh, Australia, and New Zealand).
Implementation of strict measures to reduce infection rate, public
awareness, advanced treatment strategies, novel drugs, and mass
vaccination could be some of the factors which can influence this
prediction.
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of awareness and knowledge hence we can see a slight downward
trend in death rate. Third, one should learn that global cooperation
and knowledge sharing can help in times of outbreaks. Immunization
is the best solution one can have for such deadly infections and we
are already on the track of developing it sooner. At last, one should
believe that “this shall too pass” because we are in the era of owning
advanced public health systems, scientific tools, and medical supplies,
far superior to what we had in past.
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Figure 4: Cumulative mutation rate of the NSP6 and S proteins of SARS-CoV-2 and death rate of COVID-19 cases were plotted for three clusters (Cluster I, Cluster
II and Cluster III).
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