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ABSTRACT 
 
The SARS-CoV-2 outbreak in Wuhan (China) has become a global pandemic. Various variants of SARS-CoV-2 have 
been detected and the variant number of the virus continues to grow. A particular SARS-CoV-2 variant can be detected 
in a country that was never infected before by the virus. Furthermore, a specific SARS-CoV-2 variant, which has been 
detected before in a country, can be detected too in another country. The emergence of SARS-CoV-2 variants is mainly 
caused by mutations and recombinations. The emergence of a SARS-CoV-2 variant in a country (which was never 
infected before by the virus), of course, can be explained easily as it is caused by the effect of the viral spread among 
countries, although there may be another explanation. On the other hand, the emergence of a SARS-CoV-2 variant 
(which has been previously detected in a country) in another country, always has been explained only as it is caused by 
the effect of the viral spread between countries. However, maybe it is caused by another factor. A literature review was 
performed to look for the explanation related to the emergence of a certain SARS-Cov-2 variant (which is already 
detected before in another country) in a country. Based on the literature review results related to the RNA virus genome 
and its mutation as well as its recombination, it is easy to explain the cause/agent of the emergence of a SARS-CoV-2 
variant (which has been previously detected elsewhere) in another country. In this case, the emergence of a SARS-CoV-
2 variant (which has been previously detected elsewhere) in a country may be caused by mutations and/or 
recombinations in addition to the probability that it may also occur due to the spread of the virus among countries; so the 
emergence of SARS-CoV-2 variant that has been previously detected elsewhere in other countries does not only occur 
due to the spread of the virus. 
 
Keywords: RNA virus, RNA virus mutation, RNA virus recombination, SARS-CoV-2, SARS-CoV-2 mutation, variant 
emergence 
 

INTRODUCTION 
 
Many publications about the ongoing SARS-CoV-2 
pandemic have reported various information about this 
group of viruses related to epidemiology, taxonomy, 
evolution, distribution, variant emergence and so on.  
Regarding the new variants of SARS-CoV-2 that have 
been reported, it has been reported too about the country 
where each new variant was first discovered or 
emerged. Several variants of those SARS-CoV-2 
afterward were also found in other countries, which were 
directly interpreted (explicitly or implicitly) as a result of 
spreading from the former country where it was 
discovered/emerged before. However, does the origin of 
a SARS-CoV-2 variant in another country (outside the 
country where it was discovered before) always occur 
only through the spreading from its former country?   

This article endeavors to reveal other explanations 
regarding the origin of a SARS-CoV-2 variant in another 
country outside the country where it was first discovered, 

other than those that were called the product of the 
spreading event. The choice of words used in this article 
is the variant origin and not the variant emergence, which 
is only concerned with molecular explanations.  

This article was designed on the basis of a literature 
review. The reviewed literature were those articles that 
had been published in international journals related to 
viruses in general, RNA viruses, as well as SARS-CoV-2 
especially. In relation to mutation and recombination, this 
article review did not explore too far the information about 
the cause agents as well as the molecular events. 
Operationally those aspects explored in this literature 
review about SARS-CoV-2 were epidemiology, 
riboviruses, genome, variants, mutation, recombination 
and variant origin in a country. 
 
Epidemiology of SARS-CoV-2 
 
The SARS-CoV-2 epidemic, which now can be said to 
have spread throughout the world. The epidemic started 
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in Wuhan (China) and then spread to various other 
countries (Genaro et al., 2020). In fact, WHO declared it a 
global pandemic on March 11, 2020 (Hsu et al., 2020); it 
is further stated that the second wave of the pandemic is 
already underway and perhaps the third wave would 
follow or might even be happening. 
 
SARS-CoV-2 is an RNA virus (Ribovirus) 
 
SARS-CoV-2 belongs to the subfamily 
Orthocoronavirinae, family Coronaviridae, order 
Nidovirales (Mavrodiev et al., 2020; V’kovski et al., 2021). 
This group of RNA viruses is classified as belonging to 
the genus β-coronavirus (Guo et al., 2020). 
Coronaviruses have a genome of RNA. 

Like other coronaviruses, SARS-CoV-2 also has a 
natural origin and is a zoonotic one (Lu et al., 2020). The 
natural reservoir of a wide variety of CoVs, including 
SARS-CoV-like and even MERS-CoV-like, was bats 
(Hampton, 2005). Zhou et al. (2020) stated that based on 
the results of genome sequencing, the similarity between 
the genome of SARS-CoV-2 and the genome of 
BatCoVRaTG 13 was 96.2%. Wu et al. (2020) also stated 
that the overall genome of SARS-CoV-2 was closer to 
that of the bat coronavirus when compared to other 
SARS-CoV viruses as well as to MERS-CoV viruses. It 
was also argued that most of the genomic proteins of 
SARS-CoV-2 were similar to those found in viruses of the 
SARS-CoV group, although there were specific 
differences. Similarly, it was said that there were some 
genomic and phylogenetic similarities between the 
Wuhan-Hu-1 Coronavirus and SARS-CoV viruses, 
especially those related to the S-glycoprotein gene and 
the receptor-binding domain or RBD, which proved the 
capability of direct human-to-human transmission. In this 
connection, Guo et al. (2020) also stated that bats were 
natural hosts of SARS-CoV-2; it was further stated that 
SARS-CoV-2 was transmitted from bats to an 
intermediate host before it infected humans. It was also 
argued that direct contact with intermediate host animals, 
or the act of consuming wild animals, was highly 
suspected as the main transmission route of SARS-CoV-
2.      
  
SARS-CoV-2 genome 
 
It has been previously stated that as a coronavirus, the 
genome of SARS-CoV-2 is RNA. The coronavirus 
genome is a single-strand RNA, which is classified as 
positive sense (Song et al., 2019). This RNA genome also 
acts as an mRNA in the translation process of replicase 
polyproteins (Maier et al., 2015). Information referring to 
PAHO (2021) showed that to date (at least until January 
2021), more than 414575 full genome sequencing results 
of SARS-CoV-2 have been reported; it is possible that the 
sequencing results number of SARS-CoV-2 whole 
genome in the last period has been much higher. 

The size of the coronavirus genome ranges from 2732 
kb (Sahin et al., 2020). Other sources state that the 
genome size is between 3032 kb (Genaro et al., 2020). In 

this regard, the genome size of one of the reported 
SARS-CoV-2 (Wuhan-Hu-1 Coronavirus/WHCV) variants 
is 29.9 kb (Wu et al., 2020); another reference also stated 
that the genome size of SARS-CoV-2 was about 30 kb 
(Andrews et al., 2021). The 5’ end of the coronavirus 
genome is a 5’ methylated cap and the 3’ end of the 
genome is a 3’ polyadenylated tail. 

According to Song et al. (2019), the genome of SARS-
CoV contains various numbers (611) of open reading 
frames (ORFs). Another reference reported that the 
genome of SARS-CoV-2 contains 6 ORFs (Tsai et al., 
2020). It is further stated that two-thirds of the genome, 
especially those located on the first ORF (ORF 1 a/b), 
translates two polyproteins (pp1a and pp1b) and encodes 
16 non-structural proteins (NSP). It is also said that the 
remaining ORFs encode accessory and structural 
proteins. The remaining genome parts encode four 
essential structural proteins, including the spike (S) 
glycoprotein, small envelope (E) protein, matrix (M) 
protein and nucleocapsid (N) protein, as well as several 
accessory proteins that interfere with the innate response 
of the host (Cui et al., 2019). 

According to Maier et al. (2015), the 5’ end of the 
coronavirus genome contains a leader sequence and an 
untranslated region (UTR); UTR contains multiple stem-
loop structures required for RNA replication as well as for 
transcription. It is further argued that the 3’ end of the 
UTR also has the RNA structure necessary for replication. 
  
SARS-CoV-2 variants 
 
It can be quickly and concisely stated that the variants of 
coronavirus, including especially the SARS-CoV-2 
variants, emerged as a result of mutation and 
recombination events. Many references explicitly and 
implicitly show that the SARS-CoV-2 variants are 
emerged by mutation and recombination (Pachetti et al., 
2020; Rambaut et al., 2020; CDC, 2021; Garvin et al., 
2021; WHO, 2021).  

Related to the mutations as the causal agent of the 
variant emergence of RNA viruses, including especially 
SARS-CoV-2, these variants can differ from each other, 
caused by either one or many mutations that have 
occurred (WHO, 2021); it is also said that a virus that has 
suffered from one or more new mutations is classified as 
a different variant of the early virus. The process of new 
variants emergence of SARS-CoV-2 is even claimed as a 
process taking place continuously because mutations 
constantly occur (CDC, 2021); it is stated further that new 
viral variants are randomly formed or disappear and 
sometimes after being formed, they will not disappear. 

In addition to being explicitly stated as the results of 
mutation and recombination events, it is also argued that 
certain other factors or conditions can also cause the 
emergence of SARS-CoV-2 variants. It is argued that the 
SARS-CoV-2 variant could be formed as a result of 
selection pressure due to continuous vaccination 
programs (Rambaut et al., 2021); however, there is no 
molecular explanation associated with this 
argumentation. There are also assumptions about other
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Table 1: List of SARS-CoV-2 variant lineages up to July 21, 2021. 
 

WHO nomenclature as of July 21th, 2021 Lineage Status 

Alpha B.1.1.7 VOC 
Beta B.1.351 VOC 
Gamma P.1 VOC 
Delta B.1.617.2.AY.1 and AY.2 VOC 
Zeta P.2 VUI 
Eta B.1.525 VUI 
 B.1.1.318 VUI 
Theta P.3 VUI 
Kappa B.1.617.1 VUI 
 B.1.617.3 VUI 
 AV.1 VUI 
 C.36.3 VUI 
Lambda C.37 VUI 
 B.1.621 VUI 
 B.1.1.7 with E484K Monitoring 
Epsilon B.1.427/B.1.429 Monitoring 
 B.1.1.7 with S494P Monitoring 
 A.27 Monitoring 
Iota  B.1.526 Monitoring 
 B.1.1.7 with Q677H Monitoring 
 B.I.620 Monitoring 
 B.1.214.2 Monitoring 
 R.1 Monitoring 
 B.1 with 214insQAS Monitoring 
 AT.1 Monitoring 
 Lineage A with R346K,T478R and E484K Monitoring 
 Delta-like variant with E484A Monitoring 
 P.1 + N501T and E484Q Monitoring 
 B.1.629 Monitoring 
 B.1.619 Monitoring 
 C.1.2 Monitoring 

Note: VOC: Variants of Concern; VUI:  Variants under investigation. 

 
factors or conditions that could lead to the emergence of 
SARS-CoV-2 variants; it is argued that prolonged 
infection in a patient may be the cause of the emergence 
of these new variants because there is a potential 
decrease in immunocompetence (Choi et al., 2020; 
McCarthy et al., 2020).  The new alternative causes of the 
variant formation argued just now are also not supported 
by related molecular explanations. 

The types of SARS-CoV-2 variants that have been 
revealed will be shown in Table 1. These variants are the 
ones that have been revealed until July 21st, 2021 (Public 
Health England, 2021). Information about the various 
variants is also not accompanied by information about the 
cause of the emergence of the variants (whether due to 
mutation or recombination) nor information about the 
location where these variants are found. 
 
RNA virus mutation     
 
Gene mutations are by chance as well as random events 
(Merlin, 2010). Furthermore, it is stated that in RNA 
viruses, the occurrence of mutations is a natural event 
and is expected in relation to its evolution (PAHO, 
2021). Regarding mutations occurring within the scope of 

a nucleotide, every nucleotide of the genome (including 
the viral genome) has the opportunity to undergo 
mutations. In a wider scope than one nucleotide, each 
part of the genome (including the viral genome) has the 
opportunity to undergo mutations.   

Although mutations are classified as by chance and 
random event, as well as every nucleotide or part of the 
genome (including the RNA virus genome) has the 
potential to mutate, there are certain positions or parts of 
the genome that are more frequently mutated. Related 
to RNA viruses, mutations are more common in certain 
parts of the genome. Until now, it has been revealed that 
there are hotspots of deletion mutations that occur in the 
NSP1 region, which have been reported in various 
countries (Lin et al., 2021). In relation to the existence of 
such hotspots, some reports state that some loci in the 
genomic region encoding the NSP6, NSP11, NSP13 and 
S proteins, have undergone similar mutations that are 
independent of each other (The Royal Society, 2020). On 
the basis of the information presented at The Royal 
Society (2020), it can be seen that the genetic diversity of 
SARS-CoV-2 is scattered throughout the genome of the 
virus; however, it is also said that the 3’ region of the viral 
genome may be more diverse. 
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Referring to various related references, it is revealed 
that, in general, the types of mutations among RNA 
viruses are also classified as base pair substitution 
mutations (transition and transversion) and frameshift 
mutations (deletion and insertion). The base pair 
substitution mutation is also found in other groups of 
organisms, including those belonging to high eukaryotes. 

Based on the report of Pachetti et al. (2020), it is 
clearly seen that right now, there are so many mutations 
that have occurred in the SARS-CoV-2 genome. 
However, it should be noted that regardless of the 
number of mutations that have been reported, the 
information should be interpreted as the number of 
mutations that have been detected and not as the number 
of mutations that have occurred; it is possible that the 
number of mutations that have occurred is actually far 
more than the number of the mutations that have been 
detected and reported. 

Based on the results of the sequencing analysis, 45 
cases of RT mutations, 39 transition mutations, 4 
transversion mutations and two frameshift mutations were 
found (Garcia-Villada and Drake, 2012). This finding is in 
line with Sanjuan et al. (2010) reporting that among DNA 
and RNA viruses, on average, substitution mutations 
(transition and transversion) were four times more 
common than frameshift mutations (insertion and 
deletion). 

SARS-CoV-2 mutations which are recorded in the first 
2 phases of the pandemic between December 2019 and 
the summer of 2020 (Banoun, 2021), have occurred in 7 
genome regions; the seven genome regions are Leader 
5’UTR, orflab, spike, orf3a, orf8, nucleocapsid and orf10. 
Among these genome regions, orflab is the most 
frequently mutated region. In this connection, it is clear 
that the genome regions do not always have the same 
chance to undergo mutations. The mutation effects of 
these genome regions also vary, for example having an 
effect on viral replication, viral infectivity increase, etc., 
and some do not show any effect because the genome 
region experiencing the mutation is not transcribed. 

The SARS-CoV-2 mutations detected in the first two 
phases of the pandemic (between December 2019 and 
summer 2020) proposed by Banoun (2021) are as 
already stated. However, it is also possible that other 
mutations that were not detected may have occurred too 
in the genome regions. 

The information about the effects of mutations on the 
SARS-CoV-2 genome will be presented further, referring 
to various other references. The deletion mutation which 
occurred in the ORF8 region is thought to have an impact 
on viral fitness (Holland et al., 2020). Furthermore, the 
deletion mutation in the ORF8 region involving 382 
nucleotides (Young et al., 2020) is thought to have an 
impact to attenuation of the SARS-CoV-2 phenotype and 
in fact, the mutation finally disappeared after March 2020. 
Moreover, the deletions that occur in the ORF7, ORF8 
and ORF10 regions, as found in Bangladesh (Parvez et 
al., 2021; Rahman et al., 2021), have an impact on the 
attenuation of virulence. Other information suggests that 
the deletions occurring at or near the fluorine polybasic 

site of the spike protein are also associated with minor 
effects (Liu et al., 2020). 

Similarly, the D614G mutation that occurs outside the 
receptor binding domain (RBD) results in the replacement 
of one asparagine by one glycine at the C end of the 
surface spike protein (Tomaszewski et al., 2020).  
Regarding the D614G mutation, it is said that it is not 
clear whether or not this mutation results in an infectivity 
increase; however, it is currently accepted that this 
mutation does not increase viral virulence (Korber et al., 
2020). There are still many impacts or effects of 
mutations in the SARS-CoV-2 genome reported by 
Banoun (2021), as a result of article reviews, especially 
those that occurred in 2020; these impacts have an effect 
on both the virus as well as on the human host. 

Related to nucleic acid spontaneous damage, physical 
and chemical mutagens are the mutation cause of the 
virus, including the RNA viruses, especially the SARS-
CoV-2 (Pachetti et al., 2020). It is further stated that the 
mutations in the virus genome also depend on the viral 
enzymes themselves that catalyze nucleic acid replication 
(which, in this case, is also associated with little or no 
proofreading capability and/or nucleic acid repair 
capability after replication); moreover, it is also stated that 
the enzymes of the host cells (infected cells) also have 
the potential to induce mutations. Similarly, Sanjuan and 
Domingo-Calap (2016) also stated that mutations that 
occurred in viruses were not only limited to the replication 
occurrence of nucleic acid; these mutations could occur in 
relation to the editing process of nucleic acids and the 
spontaneous destruction of nucleic acids. Regarding the 
mutation causes of the SARS-CoV-2 genome associated 
with the nucleic acid replication events, Grubaugh et al. 
(2020) stated that mutation was a natural by-product of 
viral replication. 

In general, it is known that the mutation rate occurring 
in RNA viruses (riboviruses) is higher than the mutation 
rate occurring in microbes having DNA genetic material 
(Drake et al., 1998). On the other hand, there is also an 
opinion stating that there are not yet many studies 
underlying this conclusion (Domingo and Holland, 1997). 
In line with the view of Drake et al. (1998), Peck et al. 
(2018) and Lauring and Hodcroft (2018) also stated that 
the mutation rate of the virus was even higher than the 
mutation rate of most organisms having DNA genetic 
material. 

The mutation rate of the RNA viruses (ribovirus) is 
said to have a correlation with genome size. This is a 
negative correlation (except for retroviruses), according to 
Bradwell et al. (2013). In this case, it can be interpreted 
that the smaller the genome sizes of the RNA viruses are, 
the higher the mutation rate will be. Regarding the 
mutation rate, there is an opinion stating that the mutation 
rate of RNA viruses is the highest one in nature 
(Domingo, 2006; Holmes, 2009). On the other hand, 
Sanjuan et al. (2010) also reported that the rate of 
substitution mutations of RNA viruses varied from 10-6 to 
10-14 per nucleotide per cell infection (s/n/c). 

Regarding the mutation rate of the RNA virus, it has 
been stated that the mutation rate is even up to one 
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million times higher than the mutation rate of the host 
(Duffy, 2018); it is also said that this high mutation rate is 
related to virulence as well as the benefit for 
adaptation. In relation to the SARS-CoV-2 mutation rate, 
another reference also reported that the mutation rate of 
the virus was lower than that of SARS-CoV (Jia et al., 
2020). 

Whatever information or reports are obtained about 
mutations in RNA viruses, including coronaviruses, cover 
the SARS-CoV-2; the occurrence of these mutations is a 
major cause agent of genomic diversity, including the 
variety of related phenotypic characters. In this 
connection, Sanjuan et al. (2010) stated that the mutation 
rate was the primary source of genetic variation, even 
though genetic variation depended on many factors. 
  
RNA virus recombination     
 
To date, there have been many kinds of literature 
reporting on the occurrence of recombination in RNA 
viruses (Lai, 1992; Simon and Bujarski, 1994; Ball, 1997; 
Straus and Straus, 1997). Regarding recombination in 
viruses, it is said that this event can only occur if at least 
two viral genomes are in the same host cell as a result of 
coinfection, which is followed by an exchange of genome 
segments (Peres-Losada et al., 2015; Ignatieva et al., 
2022). Ignatieva et al. (2022) stated further that the 
recombination event occurs before the formation of new 
viral particles in the infected cells, which will then be 
released as new viral descendants.   

RNA virus recombination is also a random event and 
this phenomenon has been revealed through 
experimental studies (Bobay et al., 2020). It is further 
stated that, in reality, most of the recombination events 
among coronaviruses take place in the genomic region 
that functions to control the interaction between the virus 
and the host cell. 

Recombination is increasingly believed to be a major 
driving factor of evolution among viruses (Stedman, 
2018). In this connection, it is stated that in addition to 
mutation, recombination is also the main cause agent of 
genetic diversity (Peres-Losada et al., 2015). Generally, it 
is known among viruses that recombination events can 
indeed give rise to new genotypes, which will have an 
impact on the emergence of viral phenotypic characters 
(VanInsberghe et al., 2020). 

On the other hand, recombination event in SARS- 
CoV-2 occurring between strains is found to be quite 
limited (VanInsberghe et al., 2020); in fact, some 
references state that there has not been any evidence 
indicating recombination events along the SARS-CoV-2 
genome (Bobay et al., 2020). Furthermore, some reports 
show that in some SARS-CoV-2, 0.22.5 percent of the 
virus is found to be recombinant (VanInsberghe et al., 
2020). Regarding the number of recombination events in 
the SARS-Cov-2 genome, Ignatieva et al. (2022) also 
reported that although many previous reports tend to 
state that the number of recombination in the genome is 
small, very little or none, with the support of robust 
methods, multiple recombination events have been found 

(even though the sample used was relatively small). 
Therefore, it is easy to understand the opinion stating that 
recombination is very likely to be the source or 
explanation of the ability of the SARS-CoV-2 variants to 
spread rapidly (Garvin et al., 2021), which is basically in 
line with the opinion of Stedman (2018) and Peres-
Losada et al. (2015) which have been previously 
described. In relation to the number of recombination 
events in the SARS-CoV-2 genome, it is essential to 
realize that any reported events should be understood as 
the number of events detected, not as the number of 
events that have actually occurred.     
 
The origin of the SARS-CoV-2 variant in a country     
 
In the previous explanation, it has been said that the 
causal agent of the emergence of SARS-CoV-2 variants 
is the mutation events as well as the recombination 
events that occurred along the RNA genome, although it 
is possible too that other cause agents are still needed to 
be confirmed. In this connection, based on various 
supporting references, it is very clear that the mutation 
rate among SARS-CoV-2 is very high and recombination 
also occurs commonly. Regarding mutations, other 
references also state that 4000 mutations of SARS-CoV-2 
have been found in the genomic region that translates 
spike proteins (Hossain et al., 2021); although it is also 
stated that most of these mutations do not have any effect 
on the virus itself either, in terms of, its ability to spread, 
or its ability to cause disease. Furthermore, it is also said 
in the previous explanation that mutations and 
recombination among SARS-CoV-2 are by chance as well 
as random events along the RNA genome.     

Based on the facts related to the occurrence of 
mutation and recombination that have been stated, it is 
very reasonable to conclude that mutation and 
recombination occurred in a part of the SARS-CoV-2 
genome can be different among different people in a 
region, in the different areas and even in different 
countries. In this connection, related to mutations, the 
analysis results concerning the SARS-CoV-2 genotypes 
found in patients in several Chinese provinces have been 
reported; the reports said that SARS-CoV-2 had mutated 
in different patients (Zhang et al., 2020). Such a 
phenomenon as reported by Zhang et al. (2020), of 
course, can also occur in other countries (outside China); 
the problem is just whether or not this fact has been 
revealed. Consequently, if this is the case, then new 
SARS-CoV-2 variants can also emerge in those 
countries. 

Based on the explanation presented before, it is very 
reasonable to conclude that different mutations and 
recombinations can occur in the same person, in one 
infected cell, or even in the same viral genome region 
because the number of the SARS-CoV-2 infecting a 
person (even infecting a cell), can be more than one 
particle. In this case, if the number of SARS-CoV-2 
particles infecting one person or one cell is more than one 
or even many, so the RNA genomes of that virus have the 
same chance to undergo mutations, even recombinations; 
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and the problem is only related to whether or not this fact 
has been revealed. Therefore, if it is the case, a diversity 
of SARS-CoV-2 would be found in one person or even in 
one cell; thus, new variants of the virus would also 
emerge. Moreover, some reports revealing the coinfection 
phenomena among different virus strains have been 
found in Europe and North America (Haddad et al., 2021). 
In this connection, it has also been known that the 
genome of RNA viruses (including SARS-CoV-2) is 
sensitive to undergo mutations during each replication 
cycle (Grubaugh et al., 2020); it is further stated that the 
replication cycles can even go on for hours so that 
various generations of viral descendants will emerge in 
only one infected host. 

Since mutation and recombination are by chance and 
random events, so related to SARS-CoV-2, the same 
mutation or recombination may occur in different people 
(in one country or in various countries); similarly, the 
same mutation or recombination can also occur in the 
same person, or even in one infected cell. From a more 
operational point of view, the same mutation and 
recombination can occur in the same part of the SARS-
CoV-2 genome (of different people, of one person, even 
of the same infected cell). As it is previously stated, the 
issue is only related to whether or not it has been 
revealed. Therefore, the same mutation and 
recombination can occur in these people (in one country 
or in various countries); and if such an event occurs, the 
same virus variant will emerge in one person or in one 
infected cell. 

Thus, a SARS-CoV-2 variant can be detected in 
various countries where it emerged due to mutation or 
recombination; if so, the emergence of the same SARS-
CoV-2 variant in those different countries is the result of 
mutation or recombination and not always the result of 
some other events. Therefore, the emergence of a SARS-
CoV-2 variant (which has already occurred before in a 
country) in a country (which has been infected by the 
virus) can be caused by mutation or recombination and 
can be caused by another event. It is easy to understand 
that when a SARS-CoV-2 variant (which has already 
emerged in a country) infects a country that has not been 
infected before by the virus, it can be easily interpreted as 
the result of spreading between countries, although there 
may be other explanations. In this connection, when a 
new SARS-CoV-2 variant (which has not already 
emerged before in any country) appears in a country 
(which has been infected by the virus), it can be easily 
interpreted as the result of mutation or recombination, 
although there may be other explanations. Furthermore, 
when a new SARS-CoV-2 variant (which has not already 
emerged before in a country) occurs in a country (which 
has not been infected before by the virus), it can be 
caused by spreading between countries, although there 
may be other explanations. 

So far, the emergence of a previously known variant 
of SARS-CoV-2 (which has previously emerged in a 
country) in another country (which has been infected 
before by the virus), has always been interpreted directly 
or indirectly as the result of the virus spreading between 

countries; there has never been any mention of 
information in the mass media, as well as especially in 
scientific journals reporting that the emergence of a 
variant was caused by mutation or recombination, which 
occurred directly in viruses that infect people in the 
country. These facts were always interpreted directly or 
indirectly only as the result of spreading between 
countries; moreover, if the information in the mass media 
and scientific journals explicitly states that it is the result 
of spreading. Whereas viral variant emergence can also 
be caused by mutation or recombination.    
 
CONCLUSION 
 
The conclusion related to the origin of a SARS-CoV-2 
variant (which has been ever or never reported before) 
around us can be proposed further based on the 
explanation that has been presented. In this connection, 
the origin of a SARS-CoV-2 variant in a country maybe 
the product of spreading or as the product of mutation as 
well as recombination; and not only as the product of 
spreading. The conclusion details related to several 
probabilities will be presented further.  
 
1. The origin of a SARS-CoV-2 variant (which has 
emerged or reported previously in a country) in another 
country (which has been infected before by the virus) may 
occur due to the product of mutation as well as 
recombination or as a product of spreading.  
2. The origin of a SARS-CoV-2 variant (which has 
emerged or reported previously in a country) in another 
country (which has never been infected before by the 
virus) may be due to spreading, although there may be 
other explanations, such as the product of mutation or 
recombination. 
3. The origin of a new SARS-CoV-2 variant (which has 
not already emerged or been reported before in a 
country) in another country (which has been infected by 
the virus) may be due to the product of mutation as well 
as recombination, although there may be other 
explanations. 
4. The origin of a new SARS-CoV-2 variant (which has 
not already emerged or been reported before in a 
country) in another country (which has not been infected 
by the virus) may be due to spreading, although there 
may be other explanations, such as the product of 
mutation or recombination. 

Which one is true (or actually happened) about the 
possible origin of a SARS-CoV-2 variant around us 
related to each point of the conclusion details will only be 
confirmed/ensured through scientific research; it should 
not only be confirmed through a logical explanation. As a 
concrete example, related to the first point of conclusion, 
in addition to the results of spreading, the origin of the 
Delta variant (which was previously known as the SARS-
CoV-2 variant emerged in India) in other countries (which 
have been infected before by the virus) can also occur 
due to mutation or recombination in the genome of SARS-
CoV-2 infecting people in those other countries, and not 
only due to the viral spreading. 
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