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Abstract

Introduction: Coronavirus Disease-2019 (SARS-CoV-2) started its devastating trajectory into a global pandemic in
Wuhan, China, in December 2019. Ever since, several variants of SARS-CoV-2 have been identified. In the present
review, we aimed to characterize the different variants of SARS-CoV-2 and explore the related morbidity and mortality.

Methods: A systematic review including the current evidence related to different variants of SARS-CoV-2 and the
related morbidity and mortality was conducted through a systematic search utilizing the keywords in the online
databases including Scopus, PubMed, Web of Science, and Science Direct; we retrieved all related papers and reports
published in English from December 2019 to September 2020.

Results: A review of identified articles has shown three main genomic variants, including type A, type B, and type

C. we also identified three clades including S, V, and G. Studies have demonstrated that the C14408T and A23403G
alterations in the Nsp12 and S proteins are the most prominent alterations in the world, leading to life-threatening
mutations.The spike D614G amino acid change has become the most common variant since December 2019. From
missense mutations found from Gujarat SARS-CoV-2 genomes, C28854T, deleterious mutation in the nucleocapsid (N)
gene was significantly associated with patients’mortality. The other significant deleterious variant (G25563T) is found
in patients located in Orf3a and has a potential role in viral pathogenesis.

Conclusion: Overall, researchers identified several SARS-CoV-2 variants changing clinical manifestations and increas-
ing the transmissibility, morbidity, and mortality of COVID-19. This should be considered in current practice and
interventions to combat the pandemic and prevent related morbidity and mortality.
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Introduction

In December 2019, a novel coronavirus (CoV) emerged

from Hubei province in China among people visiting the

Huanan seafood market in Wuhan. The virus is transmit-

ted through human-to-human contact and rapidly spread
*Correspondence: es.mehraeen@gmail.com across the world, and soon turned into a pandemic [1,
' Department of Health Information Technology, Khalkhal University 2]. Its symptoms can be divided to two main groups of
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dysgeusia, headache, gastrointestinal symptoms, skin
lesions) [3—-6]. Ever since, it has caused worldwide social
and economic disruption. There are no universally recog-
nized clinically useful antiviral drugs against COVID-19
so far (actually remdesivir showed good efficacy in many
trials, but it needs to be discussed more). Although there
are several effective vaccines to prevent infection with
SARS-CoV-2, efforts to develop medications and vac-
cines are continuing [7].

It appeared that there are several variants of SARS-
CoV-2. Since the beginning of the pandemic; there have
been tremendous efforts to determine the genetic diver-
sity of virus and discover the variations such as immune
targets change (such as the spike glycoprotein), primer-
binding and probe-binding sites change (which can
reduce the sensitivity of diagnostic tests), and genetic
variations (which might affect transmissibility and viru-
lence) [8-11].

SARS-CoV-2 genome consists of approximately 29,903
nucleotides and organized in the following order from 5’
to 3: open reading frame (ORF) lab (replicas), structural
spike glycoprotein (S), ORF3a protein, a structural enve-
lope protein (E), structural membrane glycoprotein (M),
ORF6 protein, ORF7a protein, ORF7b protein, ORF8
protein, structural nucleocapsid-phosphoprotein (N),
and ORF10 protein. ORFlab is a large polyprotein (~
21,291 nucleotides) encoding sixteen non-structural pro-
teins: leader protein, nsp2, nsp3, nsp4, 3C-like protein-
ase, nspb6, nsp7, nsp8, nsp9, nspl0, RNA-dependent RNA
polymerase (RdRp), helicase, 3'-5" exonuclease, endoR-
NAse, 2’-o0-ribose methyltransferase, and nsp11 [12].

Different variants have been discovered besides the
wild-type, with a certain amount of nucleotide dele-
tion in the ORF8 (which is the biological function of
the ORF8 protein in SARS-CoV-2 remains unclear). The
most known one is the A382 variant, a 382-nucleotide
deletion in the ORF7b and ORFS, removing its transcrip-
tion-regulatory sequence (this omission stops ORF8 tran-
scription). This variant was successfully early transmitted
during the epidemic, but was unknown until March 2020.
These different variants have been found around the
world in countries such as Bangladesh (345 nucleotides),
Australia (138 nucleotides), and Spain (62 nucleotides).
An identical A382 variant was also detected in February
2020 in a traveler who returned from Wuhan, China, to
Taiwan [13, 14].

In the last pandemic of 2002-2003, the SARS-CoV
was responsible for zoonotic transmission from civ-
ets to humans. After a short time, the virus’s wild-type
mutated, and a new variant emerged, which had a
29-nucleotide deletion in the ORFS8, known as the A29.
Subsequently, there were some reports of 82-nucleotide
deletion and 415-nucleotide deletions in the same region.

Page 2 of 20

The influence of these deletions on the pandemic is still
unknown. But some in vitro studies have shown that A29
replicates less efficiently and causes milder clinical illness
than the wild-type [15, 16].

The relations between the magnitude of nucleotide
deletion in ORF8 with its virulence and the ORF8 func-
tion are still unknown. However, a recent study suggested
that ORF8 mediates immune evasion by downregulating
MHC-I molecules. In vitro studies have also shown that
these deletions do not affect replicative fitness, but it can
affect the transcription of some essential and defensive
regions such as ORF6 and N genes (known as SARS-CoV
interferon antagonists); thus, it can create a more fragile
variant compared to the wild-type [17-19].

Besides ORES, other genome parts can be affected by
the mutations, and new variants could emerge. Studies
have revealed that the highly mutable spike (S) protein
of the virus is associated with the elevated human-to-
human transmission rate through interaction with the
host’s ACE2 receptor. S protein is one of the well-charac-
terized proteins of the Coronaviridae family; this ~ 1255
amino acid transmembrane protein helps the virus to
attach and enter the host [12, 20].

There are also reports about the mutations in other
parts such as nsp2 and nspl2 (RdRp). The SARS-CoV-2
nspl2 is RNA-dependent RNA polymerase (RdRp) con-
sisting of 932 amino acids located in the polyprotein,
from 4393 to 5324 aa. Structurally, the SARS-CoV-2
nspl2 protein is categorized into N-terminal (1-397aa)
and a polymerase domain (398-919aa). These mutations
have been observed in patients from India, Germany, and
Iran [20].

In this article, we aimed to report on and compare
the morbidity and mortality of the different variants of
SARS-CoV-2 with that of the wild-type to realize whether
they could be an immense threat to humans.

Methods

This study is a systematic review of current evidence con-
ducted in September 2020. The authors aimed to study
the effect of different variants of SARS-CoV-2 on mor-
tality and morbidity. Our study is consistent with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist to ensure reported
results’ reliability and validity.

Sources of data

We retrieved all the relevant papers and reports pub-
lished in English from December 2019 to September
2020 through a systematic search using keywords in the
online databases of PubMed, Web of Science, Scopus,
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and Science Direct. We updated our search on late Feb-
ruary 2021. Our search strategy employed multiple com-
binations of keywords, as follows:

« "SARS-CoV-2" OR "Coronavirus" OR "COVID-19"
OR "2019-nCoV" OR "Novel Coronavirus'[Title/
abstract]

« "Variants "OR "Variation" OR "Strains" OR "Types"
OR "Minority Variants" OR "Genomic Variants"
OR "Genetic Variation" OR "Genomic Diversity"OR
"Characterizations" [Title/abstract]

+ [A]and [B]

Selection of the study

Three independent investigators reviewed the extracted
papers’ full text and selected the most pertinent papers
according to the eligibility criteria. Then we pulled the
relevant data and organized them in some tables. We
included the original and peer-reviewed English papers
fulfilling the eligibility criteria in the final report. Besides,
the following exclusion criteria were applied in the pre-
sent study:

+ Non-human studies, including animal experiments,
in vitro observations, or papers with a limited report
on COVID-19, and those without reference to this
review’s keywords.

+ DPapers with inaccessibility to their full texts.

+ Any duplicated and suspicious outcomes in data-
bases.

Extraction of data

The authors’ names, publication date, article types (e.g.,
case reports), country of origin, sample size, gender, age,
and clinical symptoms were recorded in an information
sheet. This information was collected by two independ-
ent researchers and subsequently organized in tables. All
authors cross-checked the selected articles to avoid any
duplications or overlap in the content.

Assessment of quality

This study adhered to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
checklist to ensure the quality and accuracy of selected
papers and outcomes. Two independent researchers
examined the quality of the articles and the probable risk
of bias. A third researcher addressed any disagreement.
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The full text of selected articles was read, and the key
findings are summarized in tables.

Results

We identified a total of 56 relevant articles by title and
abstract. Of 56 articles, 50 were related to the genomic
variations in SARS-CoV-2. The included studies were
conducted in 16 countries, and one of the articles was
a report on multinational scientific collaborations [1]
(Table 1 illustrates a summary of the findings). We sum-
marized each study’s main findings in the two categories:
genomic variants and other results.

Studies have revealed that the highly mutable spike
(S) protein of the virus is associated with the elevated
human-to-human transmission rate through interaction
with the host’'s ACE2 receptor. A review of identified
articles has shown three main genomic variants, includ-
ing type A, type B, and type C. we also identified three
clades including S, V, and G. Studies have demonstrated
that the C14408T and A23403G alterations in the Nsp12
and S proteins are the most prominent alterations in the
world, leading to miserable mutations.The spike D614G
amino acid change has become the most common variant
since December 2019. From missense mutations found
from Gujarat SARS-CoV-2 genomes, C28854T, del-
eterious mutation in the nucleocapsid (N) gene was sig-
nificantly associated with patients’ mortality. The other
significant deleterious variant (G25563T) is found in
patients located in Orf3a and has a potential role in viral
pathogenesis.

Discussion

Since the emergence of COVID-19, understanding the
virus behavior has been received much attention from
the scientific community. The different viral behav-
ior has been attributed to the virus’s difference in types
and strains [75]. Therefore, in the present review, we
characterized the different variants of SARS-CoV-2 and
discussed the findings in four sections, including the
different types of SARS-CoV-2 variants, their effects on
viral transmission, clinical manifestations, morbidity as
well as mortality, and the other relevant findings.

Different variants and strains

This review has focused on the different variations of
SARS-CoV-2 and their impact on virus behavior. Alter-
nation of the SARS-CoV-2 genome, through mutation
and recombination, potentially leads to changes in the
viral life cycle, including transitivity, cellular tropism, and
severity of the disease. The diverse clinical outcomes in
COVID-19 patients happen due to SARS-CoV-2 genome
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Table 1 (continued)

Variants of COVID-19

Other

Genomic variants

Study population

Country

The first author (reference) Type of study

ID

(K417T, E484K, and N501Y) associated with increased binding to the

human ACE2 receptor
The defining mutations in B.1.617.1 spike are L452R and E484Q in the RBD

Lineage P1, acquired 17 mutations, including a trio in the spike protein

P1

Covid-19 patients

Brazil

Reports

Faria [73]

B.1.617

UK, India Covid-19 patients

Research article

Ferreira [74]

that interacts with ACE2 and is the target of neutralizing antibodies

(2021) 26:51
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mutations. The mutation of single-stranded RNA viruses
is much faster than the human genome’s mutation rate,
about 107°~107*and 1078, respectively [76, 77]. This leads
to numerous quasi-species in each infected one, which
may justify the observed difference in symptoms and
disease severity [78]. Altered ACE2 binding interactions
or shifted tissue tropism may happen due to a mutation
among viral progeny that causes aggressive and immense
infections [20].

Evolutionary benefits such as changing a primary
epitope to escape from the host immune system or
changing virulence factors to enhance transmission of the
virus can occur due to gene mutations. Natural selection
or vaccine selective pressure can cause these mutations
and subsequently lead to new viral strains [79]. Prelimi-
nary studies at the beginning of the outbreak identified
two major genotypes of SARS-CoV-2 among a Chinese
population, type I, and type II [18]. The prevalence of the
aggressive form had decreased in the early months due
to the start of treatment, and its mild form became the
common variant [24].

Further studies reported the identification of three
major variant types (A, B, C) of SARS-CoV-2, based on
amino acid changes [22]. Forster et al. confirmed those
three major variant types by phylogenetic analysis of
160 viral genomes [32]. Interestingly, variant A is the
conventional type; type B viruses prevailed in East Asia,
while both type A and C viruses have been dominant in
America and Europe. After two mutations, including the
synonymous mutation T8782C and the non-synonymous
mutation C28144T, by replacing serine with leucine in
type A, type B is formed. Type C is also derived from type
B by the non-synonymous mutation G26144T, in which
valine replaces glycine [32, 80, 81]. In other words, the
S variant (Type A) with two mutations at 8782C>T and
28144 T>C was mainly identified in East Asia. Still, out-
side Asia, significant and long mutations were observed
with the length of the branches. The G variant was domi-
nant in Europe and was rare in Asia [70]. Bhowmik et al.
reported two D and E subgrouping of the influential
group A. Moreover, they stated that the SARS-CoV-2
genome is around 29,903 nucleotides. The highly muta-
ble spike (S) protein of the virus is probably related to the
increased human-to-human transmission rate through
interaction with the host’s ACE2 receptor [20]. Ugurel
et al. reported C14408T variant on Nsp12 and A23403G
variation on S protein, and both cause significant muta-
tions and changes in virus variants worldwide [66].

Recent studies around the world have identified eight
strains of SARS-CoV-2. However, they have a signifi-
cant sequence similarity [50]. Also, Liu et al. have been
recognized four distinct groups of common mononu-
cleotide types (SN'Vs) in more than 28,000 high-quality,
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high-coverage SARS-CoV-2 complete genome sequences,
demonstrating different viral strains [46]. These reports
are consistent with the findings of two studies in Italy and
the United States, where about 4-10 non-synonymous
stable mutations were reported in the SARS genome [11,
50]. Eke, one of the mutations in S protein (D614G), has
been seen repeatedly in Europe and the United States
since the onset of the infection, apparently because it has
dramatically increased the transmission ability of SARS-
CoV-2. Thus, it became the most common variant [41,
56].

Although the mutation of the SARS-CoV-2 appears to
be stable, consecutive consideration of virus mutations
remains essential. A large study by Poterico and col-
leagues characterized two novel mutations in the S region
across 691 complete viral genomes of SARS-CoV-2 from
around the world. They also highlighted that the virus
had acquired about 27 mutations, and most of South
American countries’ trains are nearly related to Euro-
pean viral isolates [57]. Meanwhile, a unique mutation
24351C (A930V (T)) in the spike surface glycoprotein
was reported in one of the Wuhan strains in India [24].
In a study conducted in Singapore, the cause of SARS
attenuation was attributed to the 382-nucleotide deletion
in ORF8 of the viral genome [23]. In a survey conducted
in mid-March in Mexico, evidence of local translocation
of strains with an H49Y mutation in Spike protein strains
was reported [63]. According to the findings of Castello
et al., the first three cases of ORF amino acid are classi-
fied as S type in position 28 144; nevertheless, the fourth
case is a G type in position 23 403 [29].

The effect of the variants on the viral transmission
Several studies have reported the association between
the transmissibility and different variants and mutations
[18, 20, 25, 27, 44, 51, 56, 57, 63, 75]. Some mutations
facilitate the transmission of SARS-CoV-2 between ani-
mal species and humans. The G-U transversion excess
might play a role in the bat to human transmission [51].
Besides, the S1/S2 junction region’s specific motif may
have caused the viral exchange between species [44].
Regarding the viral transmission between humans,
some fundamental facts are noteworthy. The rapid viral
replication might cause rapid morbidity and mortal-
ity and hinder the viral passage to healthy individuals.
Viruses causing slower replications and asymptomatic
or mild disease can allow the transmission for a more
extended period [27]. Furthermore, mutations alter-
ing viral structure might increase virulence or help-
ing the pathogen escape the immune system, resulting
in higher transmission rates [75]. Type II SARS-CoV-2
strains possibly spreading through the Huanan seafood
market were also considered more prevalent than type I
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viruses, probably due to being more contagious [18]. Sev-
eral mutations are proposed to increase transmissibility
[20, 57, 63, 75]. Variants possessing immensely mutable
S proteins might be more contagious due to their inter-
action with the host ACE2 [20]. Concurrently, a spe-
cific mutation (D614G) in the S protein might speed up
the viral transmission [75, 82]. The role of QHD43416
p.Asp614Gly variant in many strains is controversial and
not fully understood [56, 82]. H49Y mutation in the S
protein may also be responsible for local transmissions
in earlier stages. It was proposed as a potential marker
to trace the viral spreading between the countries and
regions [63]. ORFlab (nt8750) and N (nt29063) are also
the identified responsible genes for the higher transmis-
sibility of clade G strain [57].

Variant effects on symptoms, morbidity, and mortality
Pneumonia and lung involvement is often the main clini-
cal sign of COVID-19. Recent evidence also demonstrates
gastrointestinal symptoms and asymptomatic infections
[83]. The percentage of people infected with the corona-
virus who remain asymptomatic during infection has not
yet been accurately assessed and reported. Symptomatic
patients often have clinical symptoms of fatigue, cough,
nasal congestion, fever, and other signs of upper respira-
tory tract infections that usually appear after a week. The
condition can develop into severe disease with dyspnea
and severe chest symptoms [84, 85], and the respiratory
tract infections are known as the primary clinical signs of
COVID-109 [86].

In COVID-19, pneumonia usually manifests in the sec-
ond or third week of symptomatic infection. Prominent
signs of viral pneumonia include reduced oxygen satura-
tion, blood gas deviations. Changes can be seen through
chest X-rays and other imaging techniques, leading to
the deterioration of vital signs and death. Lymphope-
nia (abnormally low level of lymphocytes in the blood)
is common in these patients, and inflammatory mark-
ers (C-reactive protein and pro-inflammatory cytokines)
could also increase [85, 87]. Furthermore, specific genetic
mutations in the coronavirus can even increase mortality
[85, 87].

Other relevant findings

COVID-19 mortality rates differ substantially depending
on the country. This difference in mortality rates depends
on various factors in each country, including the ade-
quacy of health care delivery, political decisions, and epi-
demiological characteristics of the affected population.
The frequency of diagnostic and screening measures in
asymptomatic or mildly symptomatic patients may also
affect morbidity and mortality [88, 89].
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Studies have demonstrated a steadfast and transpar-
ent pattern of age-based exponential enhancement in
mortality, regardless of geographic area, in patients with
COVID-19. Age-related mortality changes are relatively
common for COVID-19 because other significant causes
of mortality, especially chronic diseases such as cardio-
vascular disease, could also be increased by advanced
ages [90]. Promislow et al. have shown that the mortality
rate doubling time (MRDT) of all-cause fatality 9 years in
the United States was close to that of COVID-19 in New
York City [91]. In other words, there is no significant
relationship between age and increased death in patients
with COVID-19. However, many scientists and the media
have paid particular attention to age as a risk factor for
mortality in COVID-19. Nonetheless, the age-related
pattern of death from COVID-19 is different from other
respiratory viral infections. The pattern of morbidity and
mortality is higher in the elderly than in young people
[90].

Limitations

Although this systematic review produces valuable
knowledge regarding the COVID-19 variants and related
morbidity and mortality, there were some shortcomings.
First, the number of published reports is still limited. The
knowledge regarding the different strains and variants
and their effects on the symptoms, morbidity, and mor-
tality is not entirely described yet. Furthermore, various
countries ought to report their data to identify the world-
wide distribution of these variants. Researchers might
also strive to discover various novel mutations resulting
in different viral behaviors in the future.

Conclusion

Overall, researchers identified several SARS-CoV-2 vari-
ants changing clinical manifestations and increasing the
transmissibility, morbidity, and mortality of COVID-
19; however, many observations produced controversial
results. Variants with asymptomatic disease or milder
disease can increase their transmission by extending
the duration of contact between sick and healthy peo-
ple. Mutations causing increased virulence and immune
escapes might also cause an elevated transmissibility
level. As the vaccine inoculations are increasing world-
wide, we encourage researching for potential mutations
that might escape vaccine-induced immunity. The cur-
rent practice and interventions should consider these
findings to combat the COVID-19 pandemic and prevent
related morbidity and mortality.
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