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Abstract
Along with intrinsic evolution, adaptation to selective pressure in new environments might have resulted in the circula-
tory SARS-CoV-2 strains in response to the geoenvironmental conditions of a country and the demographic profile of its 
population. With this target, the current study traced the evolutionary route and mutational frequency of 198 Bangladesh-
originated SARS-CoV-2 genomic sequences available in the GISAID platform over a period of 13 weeks as of 14 July 2020. 
The analyses were performed using MEGA X, Swiss Model Repository, Virus Pathogen Resource and Jalview visualiza-
tion. Our analysis identified that majority of the circulating strains strikingly differ from both the reference genome and the 
first sequenced genome from Bangladesh. Mutations in nonspecific proteins (NSP2-3, NSP-12(RdRp), NSP-13(Helicase)), 
S-Spike, ORF3a, and N-Nucleocapsid protein were common in the circulating strains with varying degrees and the most 
unique mutations (UM) were found in NSP3 (UM-18). But no or limited changes were observed in NSP9, NSP11, Envelope 
protein (E) and accessory factors (NSP7a, ORF 6, ORF7b) suggesting the possible conserved functions of those proteins 
in SARS-CoV-2 propagation. However, along with D614G mutation, more than 20 different mutations in the Spike protein 
were detected basically in the S2 domain. Besides, mutations in SR-rich region of N protein and P323L in RDRP were also 
present. However, the mutation accumulation showed a significant association (p = 0.003) with sex and age of the COVID-
19-positive cases. So, identification of these mutational accumulation patterns may greatly facilitate vaccine development 
deciphering the age and the sex-dependent differential susceptibility to COVID-19.
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Abbreviations
COVID-19	� Coronavirus disease 2019
ACE2	� Angiotensin converting enzyme 2
MSA	� Multiple sequence alignment
SARS	� Severe acute respiratory syndrome
SARS-CoV-2	� Severe acute respiratory syndrome corona-

virus 2
SNP	� Single nucleotide polymorphisms

UM	� Unique mutations
WHO	� The World Health Organization
GISAID	� Global Initiative on Sharing All Influenza 

Data

Introduction

In the past two decades, Coronaviruses mainly of the 
β-coronavirus family Coronaviridae and the subfamily Cor-
onavirinae have been a major subject of deeper investiga-
tions due to their emergence, re-emergence and associated 
public health impact [1, 2]. Among the seven coronaviruses 
(229E, OC43, NL63, HKU1, SARS-CoV (Severe Acute 
Respiratory Syndrome Coronavirus), MERS-CoV (Middle 
East respiratory syndrome Coronavirus) and SARS-CoV-2 
responsible for coronavirus disease 2019 (COVID-19)) caus-
ing human infections, the newly emerged single-stranded 

Edited by Simon D. Scott.

 *	 Md. Mizanur Rahaman 
	 razu002@du.ac.bd

1	 Department of Microbiology, University of Dhaka, 
Dhaka 1000, Bangladesh

2	 Department of Biotechnology and Genetic Engineering, 
Noakhali Science and Technology University, Noakhali 3814, 
Bangladesh

http://orcid.org/0000-0001-9159-0437
http://crossmark.crossref.org/dialog/?doi=10.1007/s11262-021-01860-x&domain=pdf


414	 Virus Genes (2021) 57:413–425

1 3

RNA beta-coronavirus SARS-CoV-2 has been wreaking 
havoc around the world since its emergence in mid-Decem-
ber 2019 in the Chinese city of Wuhan [1–3] and was first 
reported from Bangladesh on March 8, 2020. Currently, the 
COVID-19 disease has 1.9% of case fatality rate in Bangla-
desh, which is significantly lower than a lot of countries as 
Mexico, China, Italy, Spain, Canada, etc. [4].

This 29903-kb enveloped virus consists of a 5′‐untranslated 
region (5′‐UTR), spike (S), envelope (E), matrix (M), nucle-
ocapsid (N) gene and 3′‐UTR​4, among which E, M, S and 
N proteins are involved in protecting the genome by forming 
the structure of the virus [5]. On the other hand, among the 
16 nonstructural proteins (NSPs), four NSPs (NSP12, NSP13, 
NSP14, NSP16) are involved in synthesizing and processing 
the viral RNA [5], while the remaining proteins are crucial 
cofactors facilitating the function of viral enzymes [6]. So, 
the current circulating strain might have evolved through the 
ongoing evolutionary process of mutations in these genes since 
its emergence [7]. Errors made by RdRp despite having proof-
reading activity [8] along with a direct response to selective 
pressure on the viral genome and homologous recombination 
may lead to mutational accumulation in the SARS-CoV-2 
genome [9], while according to recent studies on mutation 
analysis, no recombination events were reported [10] and the 
sequence diversity of SARS-CoV-2 so far is very low [11]. On 
the contrary, the receptor-binding domain (RBD) in the S pro-
tein is the most variable genomic part in the beta-coronavirus 
group [12, 13], and some sites of S protein might be subjected 
to positive selection [14]. However, despite these variabili-
ties in the SARS-CoV-2 genome, one key question remains 
as to whether these mutations have any functional impact on 
the pathogenicity of SARS-CoV-2. The previous experiences 
with MERS-CoV and SARS-CoV [15], the close relatives of 
SARS-CoV-2 [12, 13], showed that a single mutation might 
be significant enough to confer resistance to neutralizing anti-
bodies against those viruses. Meanwhile, during the rampant 
spread of SARS-CoV-2 around the world, it has undergone 
multiple antigenic drifts including several mutations compro-
mising the containment and diagnostics strategies along with 
the effectivity of repurposed drugs [16], which suggested that 
the virus will be active and spreading for a year or more before 
vaccines are available [12, 13]. Besides, based on amino acid 
changes of the genomes, 3 major clades (S, G, and V) were 
proposed in many more studies [12, 13, 17]. Another study by 
Tai et al. suggested that amino acid variations in the genome 
are associated with the stability of RBD/ACE2 structure [18]. 
Also, the primer–template mismatches might affect the sta-
bility and the functionality of polymerase [19]. On the other 
hand, a study by Su et al. revealed that the deletion of 382 
nucleotides towards the 3’ end of the viral genome may have 
an impact on the viral phenotype [20]. Thus, these mutational 
analyses justify the potential of mutations in affecting the viral 
infectivity and adaptability to the new environment as well 

as explaining the differential rates of infection and mortal-
ity worldwide conducive to controlling the pandemic. Mean-
while, the data avalanche, especially the complete genome 
sequences in Global Initiative on Sharing All Influenza Data 
(GISAID, https://​www.​gisaid.​org/) has resulted in an unprec-
edented expeditious effort towards understanding the impli-
cations of genome diversity [21, 22] in pathogenicity, drug 
repositioning [12, 13] or developing diagnostic and preventive 
strategies [23]. Concurrently with the global sequence data, 
legionary complete genome sequences have been submitted 
from Bangladesh in GISAID since the first submission on 14 
July, 2020 [24]. So, the current study was designed to inves-
tigate the genomic diversity of SARS-CoV-2 strains isolated 
from the country as well as analyzing the temporal profile of 
the mutational accumulations in the genome. Ultimately, this 
study will give an insight into the circulating strains of the 
country to devise a more effective containment strategy and 
efficient treatment regimen along with adding values to the 
global understanding of SARS-CoV-2 genome evolution and 
molecular basis of its pathogenicity, infectivity and drug/vac-
cine targets.

Materials and methods

Retrieval of SARS‑CoV‑2 genome sequences 
from the database

A total of 226 complete genome sequences of SARS-CoV-2 
isolated from Bangladesh were retrieved from the GISAID 
virus database (https://​www.​gisaid.​org/, last access 14 July 
2020) along with the collection date and the patient his-
tory (Supplementary Material SM1 & Supplementary Table 
ST1). Alignment of the retrieved genome sequences of the 
SARS-CoV-2 strains was executed using online based Virus 
Pathogen Resource (https://​www.​viprb​rc.​org/) database and 
MEGA X tool [25] to remove ambiguous and low-quality 
sequences. Later, the MSA file was opened with Jalview 
visualization software to eliminate the redundancy of the 
studied sequences [26]. Finally, the complete viral genomes 
sequenced from both male and female patients, reported 
from Bangladesh were analyzed using the reference genome 
(NC_045512.2).

Determination of mutational accumulation 
and frequencies

The nucleotide positions with corresponding amino acid 
of each protein were identified using two databases: Swiss 
Model Repository (https://​swiss​model.​expasy.​org/​repos​
itory/) and the GISAID (https://​www.​gisaid.​org/). An initial 
analysis was performed to identify the phylogenetic clus-
ters using an analysis tool named Virus Pathogen Database 
and Analysis Resource (ViPR) and then all the retrieved 

https://www.gisaid.org/
https://www.gisaid.org/
https://www.viprbrc.org/
https://swissmodel.expasy.org/repository/
https://swissmodel.expasy.org/repository/
https://www.gisaid.org/
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sequences from GISAID were provided as input in the 
aforementioned database to collect mutational information 
in comparison with the reference genome (NC_045512). 
Moreover, GISAID was explored for the determination of 
mutational accumulation and frequency (MF) in the circulat-
ing genome for a total of 13 weeks. MF was calculated using 
the following formula:

Ancestral history analysis of SARS‑CoV‑2 sequences

To infer the evolutionary relationships among the examined 
sequences, the sequences were aligned with relevant ref-
erence sequences retrieved from NCBI database using the 
neighbor-joining approach [27]. The Molecular Evolution-
ary Genetics Analysis across Computing Platforms (MEGA 
X) [25] software was used to construct a phylogenetic tree 
applying the neighbor-joining method [28] and evolution-
ary distances were computed using the Kimura–Nei method 
[29]. The percentage of replicate trees in which the associ-
ated taxa clustered together in the bootstrap test (1000 rep-
licates) is shown next to the branches.

Statistical analysis

Statistical analysis was performed using SPSS software for 
Windows, version 20.0 (SPSS Inc., Chicago, IL, USA). The 
association of mutational frequency with age, and sex were 
computed using the χ2 tests. The output from the analysis 
was considered to be significant at p ≤ 0.05.

Results

Genome analysis reveals SARS‑CoV‑2 ancestral 
biology

In our study, initially a total no. of 226 complete SARS-
CoV-2 genome sequences isolated from the Bangladeshi 
patients submitted between 18 April and 14 July, 2020 
were taken into account for further analysis. Interestingly, 
the majority of the collected genomes were clade B and/
or L type (SM1 & ST1). From the initially selected 226 
genomes, redundant sequences were removed using Jalview 
visualization software and sequences containing legionary 
characters (N, R, X, and Y) and sequences without complete 
patient history were excluded from the study. After complet-
ing all of the above screening processes, finally 198 unique 
SARS-CoV-2 genome sequences were selected for further 
mutational analyses and the metadata of all the studied 

MF =

Total number of mutations observed in each week

Total number of genomes obtained in that specific week

198 sequences are summarized in ST1. The phylogenetic 
tree of 198 complete sequences reveals that the circulat-
ing strains in Bangladesh are different from the reference 
sequence (NC_045512 (mark as blue)). The analysis also 
shows that circulating strains’ lineage is divided into sev-
eral sub-lineages. Phylogenetic analysis also segregated the 
closely related strain into cluster A to Z with threshold value 
0.00005. Cluster A contains six sequences which all are col-
lected in June 2020 (EPI_ISL_483627 (12-06-2020), EPI_
ISL_483627 (16-06-2020), EPI_ISL_483635 (17-06-2020), 
EPI_ISL_4836289 (27-06-2020), EPI_ISL_483689 (26-06-
2020), and EPI_ISL_4836214 (14-02-2020). Sequences iso-
lated from April to May, 2020 were grouped into clusters 
B, W, X, Z). However, sequences collected in June rather 
than others months were more distant from the reference 
sequence (Fig. 1). Besides, the majority of the sequences 
were also more distant from the 1st Bangladeshi reported 
sequence (mark as red) (Fig. 1).

Accumulation of SARS‑CoV‑2 mutation

In our analysis, a total number of 13 weeks were considered 
for the calculation mutation accumulation (Supplementary 
Table ST2). Because of the presence of one genome (EPI_
ISL_468077) during the 1st week, it was considered with 
week 2 and declared these 2 weeks as 1st week (W1). For 
the determination of the mutational frequency, the genome 
of SARS-CoV-2 was split into five regions (Fig. 2). Our 
analysis reveals that during the initial 5 weeks, circulating 
viral genomes accumulate fewer mutations with low MF 
except genomic region 2. However, the mutational frequen-
cies augment after 35 days and continued it until week 9. 
Interestingly, after 9 weeks, MF persisted similar or even 
marginally down in 10th and 11th weeks (Fig. 3). After week 
11, all the regions except R4 seems to be increasing sharply 
again. Overall, R5 accumulates the highest MF over the 
time period (13 weeks) followed by R4 and R2 (Fig. 3) and 
regions 2 (R2) and R3 appears to be more conserved. The 
structural proteins such as N and S demonstrate the highest 
mutation rates (p = 0.001) over the time period (13 weeks) 
(Fig. 4). Interestingly, NSP9, NSP11 proteins did not accu-
mulate any mutation over the time period. Unique muta-
tions (UM) were also calculated and summarized in Table 1. 
In the analysis, R1 (p = 0.002) followed by R4 (p = 0.004) 
and R5 (p = 0.003) were observed to have high frequencies 
of unique mutations (Fig. 5) and in comparison with other 
weeks, week 9 to 11 showed the highest UMs frequency. 
Moreover, after the initial 4 weeks, the frequency seems 
to have significantly increased (p = 0.002) drastically. Nota-
bly, the rate of MF had been also observed until week 9 
(p = 0.003) at an uneven rate. After week 11, UM frequency 
drops drastically. Most interestingly, after week 12 unique 
mutation in the region 1 and 5 fell to approximately zero but 
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Fig. 1   Phylogenetic tree of 
the studied whole genome 
sequences of SARS-CoV-2 
Bangladesh outbreak. The 
optimal tree with the sum of 
branch length = 0.01209279 
is shown. The tip of branches 
corresponds to the accession 
numbers with country origi-
nated, sources, released year 
and week of sequences. The 
taxon colored with red, green, 
pink and yellow for denot-
ing April, May, June and July 
month, respectively. Closely 
related genome sequences with 
minimum branch deviation (cut 
of 0.00005) were represented in 
clusters (cluster A to Z). Refer-
ence sequence (NC_045512) 
form Wuhan, China, and 1st 
declared sequences form Bang-
ladesh were marked as blue and 
red, respectively. There were a 
total of 29,011 positions in the 
final dataset. The tree reveals 
the history of the common 
ancestry of all 198 SARS-
CoV-2 genome sequences from 
Bangladesh outbreak. The lines 
of a tree represent evolution-
ary lineages. Sequences were 
grouped by the taxon and shown 
as red, green, pink and yellow 
mark colors for April, May, 
June and July, respectively
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the mutations in the other three regions significantly var-
ied (p = 0.015) (Fig. 2). In terms of proteins, NSP8, NSP9, 
NSP11, 2’-O-ribose methyltransferase, Matrix, ORF7b had 
no unique mutations. Moreover, several mutations were 
found that persisted, (I120F, T412I, L37F, P323L, G204R, 
R203K, and D614G) for more than 6 weeks (Table 1 and 
Fig. 5).

Variability of the spike (S) protein

In our analysis, more than 20 nonsynonymous mutation sites 
were identified in the S protein, in which 13 (S13I, Q14H, 
P26L, H49Y, G75V, T75I, S95F, T95I, V127F, D138H, 
N211Y, Y248H, and S255F) were observed in the N-ter-
minal domain (NTD) (Fig. 6). The fusion peptide region, 
S’ including heptad repeats HR1 and HR2 regions contains 

3 mutated regions (G769V, A783S, T791I), 2 (D936Y, 
S939Y), 1 (K1191N), respectively.

Sex and age‑based mutational accumulation 
analysis

The sex-based UM analysis revealed that men (70) harbored 
more frequency than women (36) (Table 2). Among the 
five segregated regions, R1 (p = 0.018) and R4 (p = 0.002) 
accumulated more mutations in men than the other regions. 
This is also true in case of women, but with a much lower 
frequency (p < 0.05). Protein NSP10, Helicase, 3’ to 5’ exo-
nuclease, ORF6, ORF7a had no mutation in case of women. 
NSP2, NSP3 RdRp, ORF8 and N proteins possessed 2–6 
unique amino acid mutations per protein in the male-orig-
inated virus (Table 1). Moreover, region 3 had the lowest 
unique mutation frequency in viral sequences retrieved from 

Fig. 2   Mapping of SARS-CoV-2 genome regions and proteins. The SARS-CoV-2 genome was divided into five regions and the location of each 
protein in the different regions is schematically presented

Fig. 3   Mutational frequency 
of five genomic segments of 
SARS-CoV-2. Mutational 
frequency was calculated by 
the ratio of the number of 
total protein mutations and the 
number of genome sequences in 
each week. The SARS-CoV-2 
genome was divided into five 
regions, which are represented 
as R1–R5. Here, red arrows 
indicate the significant MF vari-
ation over time in the various 
genomic parts of the predomi-
nantly circulating SARS-CoV-2 
in Bangladesh
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female patients. This aforementioned analysis data suggest 
differences in COVID-19 infection based on the sex of the 
infected individual. On the other hand, all age groups (4) 
accumulated the highest number of mutations in the virus 
genome R5 (p < 0.05), while the age group of 47–67 years 
harbors the highest number of mutational accumulation 
(p = 0.004) followed by the group of 26–46 years (p < 0.05) 
(Fig. 7). However, the age group 67 to 95 years had the high-
est mutational frequency in R5 (p = 0.001), while a gradual 
increase of the mutational frequency was observed in case 
of age group 26–46 (p < 0.05) and 47 to 67 (p < 0.05) in all 
regions except R2. Most interestingly, age group 0 to 25 has 
approximately mutational accumulation rates similar to the 
age group 26 to 46 years (Fig. 7). 

Discussion

Considering the lack of definitive drug and vaccine against 
COVID-19, studying SARS-CoV-2 genomes is of great 
importance to elucidate the molecular basis of pathogenesis 
and evolution for explaining differences in region-specific 
mortality rates and individual-dependent susceptibility 
to SARS-CoV-2. Analysis of 198 high-quality complete 
genome of SARS-CoV-2 from Bangladesh revealed that 
the circulating strains are of many sub-lineages harboring 
the same ancestry as Wuhan virus, although their direct 
evolution from the reference Wuhan virus was not found. 

Two previous reports by Parvez et al. [30] and Hasan et al. 
[31] were consistent with our findings that the contributory 
strains in the SARS-CoV-2 outbreak in Bangladesh might 
be arising from the different regions of the world other than 
China. Besides, that majority of the Bangladeshi isolates 
were found to fall within the clade B belonging to L type 
(Supplementary Table ST2). While these types were esti-
mated to be more aggressive and capable of rapid transmis-
sion, human intervention had been reported to decrease the 
relative frequency of the L type [15]. A similar type of A 
type isolates was also reported circulating into the Euro-
pean countries by Forster et al. [32], while a recent study 
reported the emergence of European and North American 
mutant variants in Southeast Asia including Bangladesh 
[24]. However, mutational frequency analysis of the SARS-
CoV-2 whole genomes has shown fluctuations of muta-
tional frequency over time, which can be associated with 
the increase or decrease rate of infections among the popu-
lation of Bangladesh [33]. Among the 5 regions of SARS-
CoV-2 genomes divided to determine the region of muta-
tional hotspots, regions (R) 1, 4, 5 showed a greater tendency 
to accumulate mutations (p < 0.05) compared to region 2 
and 3. On the other hand, the temporal profile of mutational 
analysis showed elevated mutation rate in 7th to 10th week 
and the mutation rate was increasing over time. This finding 
was also consistent with the study carried out in USA [5]. 
Regions 2 and 3 of higher conservancy harbored NSP4, NSP 
5, NSP6, NSP 7, NSP8, NSP 9, NSP10, and NSP11, while 

Fig. 4   Week-wise comparative amino acid mutational frequency of SARS-CoV-2 proteins. Mutational frequency was calculated by the ratio of 
the number of total amino acid mutations and the number of genome sequences in each week. W1–W13 represent different weeks
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the conservative nature of these proteins was also reported 
previously [5, 34]. Besides, NSP9 and NSP11 had no record 
to accumulate any amino acid substitutions over a period 
of 11 weeks in USA, which was evident in our study in 
case of NSP9. However, another report by Liang et al. [35] 
revealed only 2 mutations in nonstructural protein 11. So, 
our analysis along with others literature conclude that these 
two nonstructural proteins (NSP9 and NSP11) could serve 
as potential targets for the diagnostics, treatment or vaccine 
development of SARS-CoV-2. However, Nucleocapsid and 
Spike protein harbor maximum number of mutations, which 
contradicts the finding of the study carried out by Kaushal 
et al. [5] reporting higher mutation in the region of ORF8 
and helicase. However, the mutational frequencies in these 
regions may positively facilitate the virus to adapt to not 
only external interactions with host cells, but also internal 
interactions within the host cells [19]. While the mutation 
site of N protein does not elicit much antibody response, 
region 603–634 of the S protein of SARS has been shown to 
be a major immunodominant epitope in S protein [36]. So, 

changes in this epitope by mutation could alter the sensitiv-
ity of the IgG/IgM tests conducted. These changes are actu-
ally due to the positive selection pressure in SARS-CoV-2 
[37, 38]. However, despite the high frequency of mutations 
in the spike protein, the notable escape mutations making 
the virus capable of escaping the neutralizing antibodies or 
the mutations affecting ACE2 binding were absent [39]. But 
considering the effects of mutations in Spike protein on the 
folding of the RBD thus modulating the viral infection via 
interacting either with ACE2 receptor or neutralizing anti-
bodies, mutations found in these samples should be analyzed 
further for their effect on the folding of RBD [40]. Addition-
ally ORF8, ORF7a and ORF7b showed mutations in many 
SARS-CoV-2 isolates, which might result in significant 
adaptation of coronavirus from human-to-human transmis-
sion as well as in contributing to the viral pathogenesis in the 
host by inhibiting bone marrow stromal antigen 2 (BST-2), 
which restricts the release of coronaviruses from affected 
cells [41, 42]. In this study, signature nonsynonymous muta-
tions leading to amino acid changes of P323L in the RdRp 

Fig. 5   Unique protein mutation of five genomic regions of SARS-
CoV-2. A. Region-wise unique mutation distributions in the studied 
genomes. Unique mutations are calculated by removing the redun-
dant mutations, which occur in more than 1 week. The SARS-CoV-2 
genome was divided into five regions, which are represented as 

R1–R5. B. Unique mutational frequency of five genomic segments 
of SARS-CoV-2. Mutational frequency was calculated by the ratio 
of the number of total protein mutations and the number of genome 
sequences in each week

Fig. 6   Mapping of mutations in different domains of spike protein. 
S1 and S2 are subdomains, N-terminal domain (NTD), C-terminal 
domain (CTD), receptor binding domain (RBD), fusion peptides 

(FP), heptad repeats (HR1, HR2) regions, while S includes heptad 
repeats (HR1, HR2) regions. Changes in amino acid (AA) sequence 
from the reference genome are shown by the arrow
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was found (Supplementary Table ST2), which is involved in 
the replication of the viral genome.

Moreover, D614G in the spike glycoprotein is also pre-
dominant in Bangladesh-originated SARS-CoV-2 genome, 
which should be of urgent concern considering the domi-
nance of this mutation globally since early February in 
Europe [34]. Notably, the D614G mutation is close to the 
furin recognition site for cleavage of the spike protein, which 
plays an important role in virus entry. So, mutations in S 
protein including D614G need to be evaluated carefully, as 
S protein is essential for the entry of the virus in the host cell 
by binding to the ACE2 receptor leading to the escape from 
antibody inhibition allowing infected and recovered patients 
to become infected again [43] and these mutations may 
have resulted in the evolution of a new subtype with more 
transmissible ability [44]. Interestingly, one clinical study 
regarding this specific mutation did not report significant 
increase of disease severity associated with this mutation 
[34]. Notably, few other previous studies although suggest 
the involvement of the diseases severity with the specific 
mutation (D614, P323L) in the SARS-CoV-2 genome [45]. 
Most interestingly, in two studies by Shishir et al. and Garvin 
et al. suggested the involvement of the higher mortality rate 
in Bangladesh due to the mutation in NSP2, NSP13, and 
spike protein in the circulating SARS-COV-2 genome in our 
country, which is in accordance of our study [46, 47].

Several unique mutations in NSP3 followed by S, ORF3a, 
NSP2, RdRp, helicase, E and N protein were observed in this 
study. All of the UM-containing regions are very crucial in 
the virus genome because of their contributions in SARS-
CoV-2 virulence as well as pathogenicity [48]. Reports from 
other countries including Italy show male-to-female ratio 
being 3:1 in Italy. The rate of accumulating mutations was 
found to be higher in males than female patients. Interest-
ingly, the infection and mortality rates were also dispropor-
tionately higher in males than females of Bangladesh. In 
terms of mortality, it was 79.24% for males and 20.76% for 
females [46]. Similar phenomena have also been [49]. The 
mortality rate was also reported high in males compared 
to females from China showing 2.4 times higher mortal-
ity in males [50], New York State of USA (42% females 
vs. 58% males [51]. However, age-stratified mortality rate 
was also evident [51], while the mutational accumulation in 
this study also showed an age-stratified pattern. The high-
est number of mutation accumulation was observed in age 
group of 47–67 years, followed by group of 26 to 46 years, 
which might explain the infection rate in Bangladesh [33]. 
On the other hand, the temporal analysis of mutation accu-
mulation also showed mutations (P323L, I120F, D614G, 
R203K, G204R) that persist over a longer period of time. 
Such persistent mutations were also found to be circulating 
in other parts of the worlds, which reveal similar mutation-
accumulating behavior of the genomes across the world Ta
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[2, 52, 53]. Moreover, RdRp, E, and N genes are the target 
genes for designing primers and probes in RT-PCR-based 
SARS-CoV-2 diagnosis [54], owing to their high sequence 
conservation. Although the effect of primer-template mis-
matches on laboratory diagnostics of SARS-CoV-2 is not 
clear totally. So any kind of changes in the RDRP, E and N 
reasons might play a vital role in the diagnosis of the SARS-
CoV-2 [54]. Unfortunately, in our studied genome we have 
found majority of the genomic variation in the RdRp and N 
region which might be more alarming. The study by Khan 
et al. [55] reported 7 sets of genomic diagnostic assay out 
of 27 assay contain mismatches or mutation which is also 
supported by our studied results where 5 sets of genomic 
diagnostic assay contain the following mismatches (Table 3) 
with having 100% in some cases which is very much alarm-
ing for the diagnostic procedure in Bangladesh.

However, our analysis along with literature reviews 
suggests that the mutational accumulations in the SARS-
CoV-2 genome depend on country and continent, while 
most of the vaccine attempts and diagnostic kits are based 
on the genome sequence of the original viral isolate from 
Wuhan. So, the region-specific mutations in the SARS-
CoV-2 genome may make these vaccines ineffective [56]. 
Therefore, continuous monitoring of mutation accumulation 
and the consequences of these mutations on receptor binding 
affinity, genome replication and propagation ability, patho-
genicity as well as host–pathogen interaction need to be 
evaluated. On the other hand, RdRp, E, and N genes should 
be considered as the target genes for designing primers and 
probes in RT-PCR-based SARS-CoV-2 diagnosis, owing to 
their high sequence conservation.
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