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Abstract

Introduction: In December 2019, a new severe acute respiratory syndrome coronavirus, SARS-CoV-2, emerged in China, causing coronavirus
disease 2019. The present study investigated genetic profiles and variations of SARS-CoV-2 distributed in different regions of Saudi Arabia to
begin to understand the pathogenesis and transmission of SARS-CoV-2 in this country and analyzed associations of these variations with host
factors.

Methodology: In total, 774 SARS-CoV-2 genomic sequences obtained and annotated by the Global Initiative on Sharing All Influenza Data
(GISAID) were captured and analyzed.

Results: The most common SARS-CoV-2 clades in Saudi Arabia were GH followed by O, GR, G, and S. Statistically significant associations
were detected between clades and patient outcome. Age, as a host factor, was significantly associated with many variables, including virus
geographical location, clade, and patient outcome. The most common variants detected were the NSP12_P323L mutation 94.9%, followed by
the D614G mutation (76%) and the NS3_Q57H mutation (71.4%). The concerned variants B.1.1.7, B.1.351, and P.1 were not detected in our
population. D614G was associated with higher morbidities than the wild-type virus, including higher rates of death and hospitalization. The
NS3 Q57H mutation was the only variant associated with better patient outcome than the wild type. Risk of death was highest with the
NSP12_P323L mutation (OR = 1.84; 95% CI = 0.37-9.30) and lowest with the NS3_Q57H mutation (OR = 0.43; 95% CI = 0.25-0.727).
Conclusions: SARS-CoV-2 has evolved uniquely and independently in Saudi Arabia. Our findings provide evidence to begin linking the
evolutionary implications to host factors and their effects on the virus severity and transmission.
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Introduction with  MERS-CoV that caused the Middle East

In late 2019, China reported the first case of
coronavirus disease 2019 (COVID-19) caused by the
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) virus that rapidly became a global
pandemic [1,2]. SARS-CoV-2 causes a respiratory
syndrome with a variable degree of severity, ranging
from a mild upper respiratory tract illness to severe
acute respiratory syndrome [3,4]. As of May 15, 2021,
more than 126 million cases, including 3.35 million
deaths, were reported to the World Health Organization
worldwide, while 431,000 cases, including 7,134
deaths, were reported in Saudi Arabia. The first gene
sequence analysis for SARS-CoV-2 revealed that the
virus has sequence similarity of over 80% with severe
acute respiratory syndrome (SARS) in 2002 and 50%

respiratory syndrome (MERS) in 2012 [4].

The severity and fatality of COVID-19 seemed to
be determined by several factors some of which include
but are not limited to old age (> 65 years) and pre-
existing comorbidities such as cardiovascular diseases,
immunological diseases, diabetes mellitus and
respiratory diseases [2,5,6]. Genetic variations in the
SARS-CoV-2 genome may occur due to random
genetic drift or to natural selection [6,7]. At the
beginning of 2020, the genetic sequence of SARS-CoV-
2 was published [8]. The virus has a single positive-
stranded RNA—which has a higher mutation rate than
DNA viruses—consisting of approximately 30,000
nucleotides [2,3,9]. The genome contains 14 open
reading frames (ORFs) encoding structural proteins and
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non-structural proteins (NSPs) [2,4,10,11]. Structural
proteins include spike (S), envelope (E), membrane
(M), and nucleocapsid (N) proteins with eight accessory
proteins, five of which are encoded by ORF3a, ORF6,
ORF7a ORFS8, and ORF10 genes. The ORF1 and
ORF2a on the other hand encode 15 non-structural
proteins important for virus replication and
transcription [4,11].

A few months after the first reported case of
COVID-19, 329 naturally occurring variants in the S
protein were reported in the public domain [3]. Some
implications of mutations in S protein might be
increased or reduce the binding efficiency to host cell
receptor which may enhance or suppress intracellular
viral entry virus. In the latter case, reduced binding may
aid immune evasion. The most significant variant in the
SARS-CoV-2 S protein detected to date is a mutation
of the aspartate (D) at position 614, which is found in
nearly all Chinese variants, to a glycine (G), which is
enriched in European variants [8]. The D614G variant
may have caused fatal infections in European
populations because although Germany and Kuwait
have a substantial number of this mutation and high
mortality rates, viruses with the wild-type 614D, which
have lower mortality rates, are dominant in these
countries. Novel mutations continue to emerge,

J Infect Dev Ctries 2021; 15(12):1782-1791.

potentially resulting in variants with greater virulence
and higher mortality rates or strains resistant to
treatment [2]. At the beginning of 2021, new variants of
concerns emerged worldwide, these included B.1.1.7 in
England, B.1.351 in South Africa, and P.1 in Japan.
These variants of concern were linked to higher
transmission rate [12—14].

In Saudi Arabia, more than 431,000 cases of SARS-
CoV-2 have been detected as of May 15", 2021 [15].
However, the genetic variations within the Saudi
population have not yet been evaluated. Therefore, the
present study investigated the genetic variations of
SARS-CoV-2 distributed in different areas of Saudi
Arabia. Analyzing these genetic diversities will identify
markers vital to better understanding the pathogenesis
and transmission of this virus. By studying the genetic
profile of SAR-CoV-2 and its common mutations in
Saudi Arabia, the evolutionary profile of the virus will
be known and may assist clinicians in COVID-19
treatment decisions and in predicting infected patients’
outcomes.

Methodology
Data collection

In total, 774 SARS-CoV-2 genomic sequences were
obtained from the Global Initiative On Sharing All

Figure 1. A) Map of Saudi Arabia showing the distribution of SARS-CoV-2 cases. B) Distribution of SARS-CoV-2 clades in Saudi Arabia,
each circle represents 1% of the total number of cases represented in each region. C) Distribution of SAR-CoV-2 cases over time showing
that most belonged to the GH clade; however, the O clade was higher in June. D) Distribution of SARS-CoV-2 clades in Saudi Arabia

stratified by patient outcome.
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Influenza Data (GISAID) website [16]. The submitters
to this website are provided in the Annex section. Only
viruses widely distributed throughout Saudi Arabia and
with complete genomes (> 29,000 nucleotides) were
included in the analysis. Variables, including sample
collection site location, gene mutations, virus lineage,
and clade as well as patient sex, age, and clinical
outcome, were collected as identified on the GISAID
website. Other classifications for the number of
mutations were determined using the Nextclade tool on
the Nextstrain website [17]. This study was approved
by the ethics committee of King Faisal Specialist
Hospital and Research Centre, which waived the need
for obtaining informed consent because all data used in
the study were de-identified and are publicly available.

Data and statistical analyses

Data were analyzed using the Statistical Analytical
Software SAS, version 9.4 (SAS Institute Inc.; Cary,
NC, USA) and GraphPad, version 8 (San Diego, CA,
USA). Data were stratified by age for all the categorical
variables, and a ¢ test or an analysis of variance
(ANOVA) was conducted as appropriate to assess
significance by clinical group. Descriptive analysis was
conducted for the distribution of cases by group with
time using bar graphs and dot plots. Logistic model was
used to estimate the risk of each mutation the outcome.
Mutations as determined with the GISAID pipeline and
Nextclade tool were tested for their significant
association with patient outcomes using the chi-square
test. Gene sequences were aligned with international
sequences, and a phylogeny tree was constructed using
the Nextstrain phylogeny tree tool. A 2-sided p-value of
alpha < 0.05 was considered statistically significant.

J Infect Dev Ctries 2021; 15(12):1782-1791.

Results
Patient demographic characteristics and SARS-CoV-2
case and clade distributions

The mean (standard deviation) age of infected
patients was 47.9 (15) years. Most genome sources (379
[49%]) were from males. The primary collection sites
were Jeddah (222 [28.7%]), Madinah (263 [33.9%]),
Makkah (180 [23.3%]), Riyadh region (40 [5.1%]), and
Qatif region (8 [1.1%]), while around (61 [7.9%]) were
unknown.

The highest numbers of patients with SARS-CoV-2
infections (cases) in Saudi Arabia were located in
Riyadh, Makkah, Jeddah, and Eastern Province [15]. In
Jeddah, the most common clade was GISAID clade O,
and in Makkah, Madinah, and the unknown region, the
most common clade was GISAID clade GH. Figure 1
shows the distributions of both SARS-CoV-2 infections
(cases) and clades by region. Overall, the most common
clade in Saudi Arabia was GH, followed by O, GR, G,
and S. Figure 1. D shows the distribution of SARS-
CoV-2 clades by patient outcomes. Clade O was
associated with the highest death rate, and clade GH
was associated with the most hospitalized patients who
and patients who survived. The association between
clade and patient outcome was statistically significant
(x* =116, p <0.001).

Association of age with other reported variables

A test for association between age and different
patient parameters such as clade classification, location,
numbers of mutations and patient outcome indicated a
significant difference as shown in Supplementary Table
1. Age differed by geographical location, with patients
in Jeddah significantly older than those in Madinah or
Makkah (ANOVA test p-value = 0.0004), and by clade
classification. Clades O and G were mostly detected in

Table 1. Distribution of mutations in the SARS-CoV-2 genome detected in Saudi Arabia stratified by patient outcome.

Patient Outcome, No.

Mutation Alive Deceased  Hospitalized Unknown Total 1 (p-valuey*
Spike D614G I;IZE?:IIVV: 16: 1 g(s) 12083 24723 égg 106 (0.0049)*
NSP12_P323L Ingi?vvee 1;8 1%1 11165 31(;11 73395 186 (0.0001)*
N_S194L I;szft?vvj 12695 11063 132 772 47612 9.9 (0.007)*
NS8 L84S I;Izﬁft?vvj 200 o e 0 BT 272(<000)
NS3_Q37H Igziitllvvee 13750 22 g(l) 28278 §§§ 34.8 (<0.001)*
o e N B R B e
wown e MR W W& g

A p-value calculated without unknown patient data< * Statistically significant with alpha equal to 0.05.
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older patients and clade S in the youngest (ANOVA test
p -value = 0.0033). Patient outcome was significantly
associated with age, with deceased patients associated
with older age (ANOVA test p-value < 0.05). Age
group of patients younger and older than 50 years old
showed no significant difference with mutation load
(above 8 or below 8 mutations per sample), overall
younger patients reported 29.9% higher load of
mutation compared to 9.3% reported in the older age
group (x’=0.14, p-value = 0.71).

Synonymous mutations and their association with
patient outcome

The mean number of gene mutations per sample
was 8.5. Mutations detected by the GISAID pipeline
were collected and re-analyzed by patient outcome. The
most common gene mutations in our study population
are summarized in Table 1. The first mutation was
found in the region coding for the Spike protein, which
is the D614G mutation. This variation is caused by the
replacement of aspartic acid with glycine. The mutation
was detected in 76.2% of our samples and was strongly
associated with higher morbidities, including death and
hospitalization (p-value = 0.0049). The second
mutation NSP12 P323L was in a non-structural
protein, NSP12, which encodes the viral RNA-
dependent RNA polymerase. This mutation was also
common in our population (94.9%) and was associated
with severe morality (p-value < 0.0001). The third
mutation was located in the N gene N _S194L. This
mutation was less commonly detected in our population
(19.5%) but was still associated with higher

J Infect Dev Ctries 2021; 15(12):1782-1791.

morbidities, including death and hospitalization (p-
value = 0.007). The fourth mutation NS8 L84S is
located in the non-structural NS8 gene, which is part of
the ORFS polyprotein. This mutation is rarer compared
with 4.8% occurrence frequency and it is only
associated with higher hospital admissions (p-value <
0.0001). The fifth mutation, NS3 Q57H, is located in
the NS3 gene portion of the ORF3a polyprotein. It is a
high frequency of occurrence at 71.5% within the Saudi
population and it is associated with favorable patient
outcomes (p-value < 0.0001). The sixth and seventh
most common mutations are located in the N gene,
N _R203K and N_G204R. These two mutations were
each detected in approximately 16% of the population
and were associated with severe morbidities. Other less
common mutations in SARS-CoV-2 are reported by
patient outcome in Supplementary Table 2. All of those
mutations were found in the N and NSP genes, and
many were associated with severe morbidities.

Geographical phylogenetic analysis of the SARS-CoV-
2 variants

Overall, the summary of the phylogeny analysis is
shown in Figure 2. A summary of the phylogeny
analysis revealed that the first viruses detected in Saudi
Arabia sequenced in Riyadh were located at the 19B
node, with many of them characterized by an ORF8
gene mutation L84S. The 19B node viruses were mostly
from Makkah, with the first virus isolated in Saudi
Arabia in February 2020. The second major node was
20A and was characterized by an ORF1b mutation
located at P314L. The divergence rate of the clade from

Table 2. Patient outcome predictions stratified by SARS-CoV-2 variant and mutation load (likelihood test with 95% Wald odds ratios).

Mutation Outcome, Alive =0 Odds Estimate (95% Confidence Limits) Global y? p-value
SPIKE D614G
. Hospitalized 0.63(0.38-1.1)
Negative (0) Deceased 1.56(0.98-2.48) 0.0048*
Positive (1) Hospitalized 1.59(0.95-2.65) '
Deceased 0.64(0.40-1.03)
NSP12_P323L Outcome, Alive = 0
. Hospitalized 4.69(1.85-13.26)
Negative (0) Deceased 0.54(0.11-2.73) 0.0002*
Positive (1) Hospitalized 0.215(0.082-0.56) '
Deceased 1.84(0.37-9.30)
NS3 Q57H Outcome, Alive =0
. Hospitalized 2.32(1.38-3.91)
Negative (0) Deceased 4.4(2.66-7.4) ~0.0001*
Positive (1) Hospitalized 0.23(0.14-0.38) ’
Deceased 0.43(0.25-0.73)
Mutation Load Outcome, Alive =0
. Hospitalized 2.45(1.46-4.16)
Low (mutations < 8) Deceased 0.79(0.50-1.25) 0.0001*
High (mutations > 8) Hospitalized 0.41(0.24-0.69) '
& Deceased 1.26(0.79-1.99)

*p < 0.05 was considered statistically significant.
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the Wuhan strain was 3.8. The 20A node gave rise to
multiple sub-nodes including viruses from Jeddah,
Madinah and Makkabh cities. This node is similar to the
Asian and American viruses which is explained by the
first reported cases to have been from patients with
travel history from the USA. Subsequently, this node
gave rise to a sub-node which has a mutation within the
ORFla polyprotein (Q57H), which is a common
mutation in the population. The third major node was
20C, which is characterized by a mutation in ORFla
polyprotein (T65I). this node has a divergence rate of
5.7 and was mostly from Jeddah and very close to the
American strains. The fourth main node was 20B, with
a divergence rate of 6.8 and characterized with
mutations located at the N gene and ORF14 gene. This
clade was also mostly found in Jeddah.

Distribution and evolutionary timeline of common SAR-
CoV-2 variants

One of the most globally reported SAR-CoV-2
variants is that with the D614G spike mutation. This
mutation has served as a biomarker to monitor changes
in the SARS-CoV-2 virus. The SAR-CoV-2 virus was
introduced to Saudi Arabia in February 2020 with the
D614G spike mutation present. However, between
February and August 2020, increasing numbers of
patients infected with the wild-type virus were also
reported (Figure 3A). The D614G spike variant was

J Infect Dev Ctries 2021; 15(12):1782-1791.

most common in samples collected from Jeddah and
Madinah cities (Figure 3B). Outcomes for patients
stratified by the presence of the mutation indicated that
although more patients with this mutation were
hospitalized (32.1% vs. 20%), they showed a lower
death rate (23.2% vs. 35.7%) compared with patients
infected with the wild-type virus (Figure 3C).

A second SAR-CoV-2 variant detected in our study
population had a mutation located in the ORF3a
polyprotein, NS3 Q57H. The timeline between
February and August 2020 in Figure 4A shows that the
virus was introduced to Saudi Arabia with this mutation
present, but that over time, the dominant virus was the
wild type. This finding indicates that this mutation is
not favorable for virus transmission. The number of
SAR-CoV-2 variants with the NS3 Q57H mutation
stratified by region is shown in Figure 4B and indicates
that its presence was highest in Jeddah and Madinah.
Outcomes for patients with this mutation indicated a
lower death rate (20.2%) compared with patients with
the wild-type virus (43.6%) Figure 4C.

The third mutation of interest was located in the
ORF1b gene, the NSP12 P323L mutation. The timeline
between February and August 2020 shows that the
SARS-CoV-2 viruses introduced to Saudi Arabia
contained this mutation and that this mutation remained
dominant over the wild-type virus (Figure 5A).

Figure 2. SARS-CoV-2 phylogenetic analysis of the included Saudi viruses conducted using the Nextclade tool, comparing the Saudi
viruses with global strains. The first virus sequenced in March is represented by a star and is related to a patient with a travel history. Most
of the viruses (n = 325) fall under the 20A node, characterized by a mutation located within the ORF3a gene (Q57H). Gray represents the

Saudi viruses; the remaining colors, other global regions.
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Figure 3. Distribution of D614G mutation in SARS-CoV-2 detected in Saudi Arabia. A) Timeline of collected samples with D614G
mutation. The first viruses detected were mutated, blue represents samples harboring the mutation, and red represents samples with the
wild type strain. B) The number of (D614G) mutated viruses based on region where the viruses were isolated, the highest number of
mutations was reported in Jeddah, Madinah and Makkah. C) The effect of the mutation on patient’s outcome.
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Figure 4. Distribution of NS3 Q57H mutation in SARS-CoV-2 detected in Saudi Arabia. A) Timeline of collected samples with
NS3_Q57H mutation. The first viruses detected were mutated, blue represents samples harboring the mutation, and red represents samples
with the wild type strain. B) The number of NS3 QS57H mutated viruses based on region where the viruses were isolated, the highest
number of mutations was reported in Jeddah and Madinah. C) The effect of the mutation on patient’s outcome.
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Figure 5. Distribution of NSP12_P323L mutation in SARS-CoV-2 detected in Saudi Arabia. A) Timeline of collected samples with
NSP12_P323L mutation. The first viruses detected were mutated, blue represents samples harboring the mutation, and red represents
samples with the wild type strain. B) The number of NSP12_P323L mutated viruses based on region where the viruses were isolated, the
highest number of mutations was reported in Jeddah and Madinah. C) The effect of the mutation on patient’s outcome.
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The number of SAR-CoV-2 variants with the
NSP12 P323L mutation stratified by region indicates
that the mutation was highest in Jeddah and Madinah
(Figure 5B). Outcomes for patients indicated that
although the hospitalization rate was lower for those
with vs. without this mutation (26.22% vs. 66.67%), the
survival rate was much higher (45.7% vs. 25.00%) for
those with this mutation compare with patients with the
wild-type virus (Figure 5C).

Prediction of patient outcomes stratified by SAR-CoV-
2 variant

To assess the SAR-CoV-2 variant and its mutation
burden with the prediction of patient outcomes, we used
a univariable logistic model (the Wald test) and
calculated the confidence intervals for three outcomes
of interest (alive, deceased, and hospitalized). The
model results are shown in Table 2. The highest risk of
death was associated with the NSP12_ P323L mutation
(HR = 1.84; 95% confidence interval [CI] = 0.37-9.30),
and the lowest risk of death was associated with the
NS3 Q57H mutation (HR =0.43; 95% CI =0.25-0.73).
For hospital admissions, the highest risk was found with
patients who harbored the wild type of virus for the
NSP12_P323L mutation (HR = 4.69; 95% CI = 1.85-
13.26). Interestingly, the lower mutation load was
linked to a higher risk of hospital admissions (HR =
2.45;95% CI = 1.46-4.23) Conversely, a high mutation
rate was associated with a higher risk of death (HR =
0.79; 95% CI = 0.5-1.25), and lower risk of
hospitalization (HR = 0.41; 95% CI = 0.24-0.69).

Discussion

The genetic diversity as well as the host-virus
interaction and transmission of SARS-CoV-2 in many
geographical locations are uncertain. In the present
study, we evaluated the genetic variations of SARS-
CoV-2 in Saudi Arabia. Sequencing of the first samples
in February revealed that the earliest SARS-CoV-2
virus belonged to clade GH/20C. The present study
found that the most common clade in Saudi Arabia was
the GH clade, followed by the O, GR, G, and S clades.
By region, the most common clade in Jeddah was
O/19A, whereas the most common clade in Makkah and
Madinah was GH/20C. The O clade was associated
with the highest death rate, whereas the GH clade was
associated with the most hospitalized patients but the
highest rate of patient survival. We found significant
associations by patient outcomes in this population.
Evaluating age as a host factor showed that age was
significantly associated with many variables, including
geographical location, clade, and patient outcome.

J Infect Dev Ctries 2021; 15(12):1782-1791.

Patients were older in Jeddah than in Madinah or
Makkah. Clades O and G were mostly associated with
patients older than those in the other clades, clade S,
with the youngest. The youngest patients were infected
with viruses from the earlier lineages and G clade.
Patient outcome and mutation burden were both
significant predictors of age: high burden of mutation
and deceased patients were both strongly associated
with older age. Our phylogeny analysis of this
population revealed that the earliest divergence (19B)
of the virus occurred mostly in Makkah. The virus then
diverged at the 20A node and was distributed to
different geographical locations. The third major node
was 20C and mostly involved Jeddah. Many of the
SARS-COV-2 mutations assessed in our study were
introduced to Saudi Arabia as SARS-COV-2 variants,
with some of these reverting to the wild-type virus over
time.

Unlike some studies in other countries, our study
population was composed mainly of older males.
However, this finding is consistent with an Icelandic
study that found that children under 10 years of age and
females had lower SARS-COV-2 infection rates
compared with adults, adolescents, or males [18].

The distribution of clades across our population was
dominated by the GH/C20 clade. In a European review
of clade distribution, the GH clade only dominated in a
few countries, including Norway, Denmark, Finland,
and Georgia. Over time, the GR/20B clade became
increasingly significant in the European Union,
whereas in Saudi Arabia, only the GH/20B and O/19A
clades were predominating [19]. One review reported
four main clades distributed in Asia within the first 6
months of the pandemic: G (44%), S (14%), V (3%),
and I (3%), with 36% unassigned genomes [20]. This
result likely differs from ours because most of the East
Asian countries were infected with the earliest forms of
the virus [21]. A recent study analyzed 553 sequences
from the Middle East and North African region and
found that the most frequent S gene mutation includes
D614G (n=435), Q677H (n=8), and V6F (n=5), with
a significant increase in the appearance of the D614G
mutation from 63% in February to 98.5% in June 2020
[22]. Similar results were found in a recent Moroccan
study, with the most detected mutations being D614G
and NSP12 P323L [23]. Although, Saudi Arabia is
located in Asia, the distribution of introduced virus
variants differed from that in eastern Asian countries as
well as in European countries. This difference may be
linked to virus-host interaction factors such as host
factors that interact directly with viral proteins or are
involved in signaling pathways, and host immunity.
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The average synonymous and nonsynonymous
mutation rate of the SARS-CoV-2 genome in our
population was 8.5 per sample. This estimation is close
to a worldwide estimate of 0.80-2.38 x 10~ nucleotide
substitutions per site per year [24]. The most common
mutation in Saudi Arabia, NSP12 P323L, was detected
in nearly ~95% of the samples in our study, followed by
D614G and NS3_Q57H with 76% and 71% occurrence
respectfully. The NSP12-P323L mutation is located
within the RNA dependent RNA polymerase (RdRp)
gene, this gene is responsible for RNA synthesis, a
crucial process required during viral replications.
Higher mutations in the RdRp gene has been have been
reported in samples harboring this special mutation
[25,26]. Expectedly, mutation in the RdRp protein will
result in a dysfunctional enzyme which will
inadvertently result in mistakes during RNA synthesis,
increasing the chances of mutation to occur. The spike
mutation D614G was found in 76% of the samples in
our study and was strongly associated with higher
morbidities, including higher rates of death and
hospitalization. A global tracking study has shown that
the G614 variant in the spike protein has spread faster
than D614 [1]. Therefore, G614 has been linked to the
infectious ability of the virus as well as to higher viral
load; however, that study found no link to disease
severity. It is possible that this mutation enhances the
cell surface receptor binding of the virus to promote
intracellular translocation of surface bound virus.

The other mutations detected in our population
(NSP12 _P323L,N_S194L,NS8 L84S,N R203K, and
N _G204R) were also associated with severe
morbidities in the Saudi population. These mutations
mainly effect the RNA-synthesis complex by catalyzing
the function of which enhance replication, thus improve
overall viral fitness. The NS3 QS57H mutation was the
only one associated with better outcomes for patients in
our population. For many of the mutations, including
D614G, NS3 Q57H, and NSP12 P323L, patient
survival rates were associated with the mutated virus
rather than the wildtype. Patients who were negative for
the NS3 Q57H mutation had the highest rate of
hospitalization. The concerned variants B.1.1.7,
B.1.351, and P.1 were not detected in our population
from Feb to July 2020.

Many SARS-CoV-2 variants have been linked to
host-virus interaction as the virus evolves
independently in each geographical location around the
globe. For example, during the early evolution of
SARS-CoV-2, a novel deletion in ORF8 was detected
in Taiwan and Singapore, resulting in the removal of
the ORF8 transcription regulatory sequence and the

J Infect Dev Ctries 2021; 15(12):1782-1791.

elimination of the ORFS transcription which is a hot
spot for SARS-CoV-2 virus host evolution. This
deletion has been associated with a reduction in the
replicative ability of the virus [21,27]. SARS-CoV-2 in
South American countries has shown massive
nucleotide variations in the N and RNA-dependent
RNA polymerases genes, in contrast to the E gene,
which shows no variation and is considered the most
conserved and reliable target regarding single gene
target testing [28]. One study investigating the human
leukocyte antigen (HLA) system as a host factor and the
effects of HLA genotypes on SARS-CoV-2 mutations
found that the susceptibility to SARS-CoV-2 infection
or severity of COVID-19 is highly correlated to HLA
genotypes [11]. These results indicate the importance of
understanding human host factors linked to
geographical locations and their effects on SARS-CoV-
2 transmission and severity. In addition, the genetic
variations in a single location of the virus will cause less
sensitive polymerase chain reaction testing, and thus
may also indicate the wrong antiviral medicine, because
some of these variations can make the virus different
within the targeted region.

Although this study was the first, to our knowledge,
to evaluate a substantial number of SAR-CoV-2
genomes isolated from Saudi Arabia, it had a few
shortcomings. Variable validity, such as the collection
date and source of transmission, was not controlled
owing to the difficulty in obtaining such information
from each source of the GISAID submitters. Data
necessary to evaluate host factor interaction, such as
nationality, length of isolation, and travel history, were
not available for our population. Many regions of Saudi
Arabia were not included in our analysis because no
data had been submitted to the GISAID portal or the
data had not been defined.

Conclusions

In conclusion, we examined the SAR-CoV-2
genome diversity in samples from patients in Saudi
Arabia, exploring the geographical impact and its
evolution in this population. Although Saudi Arabia is
home to two holy Muslim mosques and has many
foreigner workers, both of which could play important
roles in SAR-CoV-2 genetic diversity, numerous acts
by the Saudi government to prevent the spread of the
virus—including the earliest lockdown worldwide
outside of China, may have resulted in an evolution of
the virus unique and independent from other countries.
Our findings provide evidence to begin linking the
evolutionary implications to host factors and their
effects on the virus severity and transmission.
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Annex — Supplementary Items

Supplementary Table 1. Patients with SARS-CoV-2 stratified by age and study variable.

Variable! Age (mean, standard deviation) p-value
Sex

Male (n = 368) 47.9 (14.6) 0.97
Female (n = 87) 47.9 (17.9)

Location/City

Jeddah (n=197) 50.7 (14.6) «
Madinah (n = 172) 46.4 (15.3) 0.0004
Makkah (n = 96) 443 (16.2)

Clade, GISAID Classification

G (n=14) 44.4 (16.4)

GH (n=253) 46 (15.6) «
GR (n=35) 51.7 (13.7) 0.0033
O (n=142) 51.1(14.7)

S (n=24) 41.5(12.7)

Patient Outcome

Alive (n=203) 44.1 (13.8) %
Deceased (n = 123) 57.8 (12.9) <0001
Hospitalized (n = 129) 44.5 (15.5)

Number of Gene Mutations

High (n > 8) (n=153) 49.9 (14.7) 0.057
Low (n <8) (n=315) 47.1 (15.5)

*Indicates statistically significant with alpha equal to 0.05; ' Unknow patient’s data was excluded from the analysis.

Supplementary Table 2. The least common mutations detected in SARS-CoV-2, stratified by patient outcome.

Patient Outcome, No.

Mutation Alive Deceased Hospitalized Unknown Total
Spike A27S 0 0 0 3 3
NSP_L37F 0 1 0 3 4
N_PI13L 0 0 0 35 35
NS3_G251V 0 1 0 0 1
NSP2_T851 1 0 0 2 3
NSP3_T1108K 1 0 0 0 2 2
NSP6_L37F 1 0 1 0 2 3
NS8 V32A 0 0 0 2 2
NSP8 Al6V 0 0 0 1 1
NSP12_A97V 0 0 0 2 2
NSP2_T851I 0 0 0 3 3
NSP13_Y541C 1 0 0 0 1
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