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Abstract
Expansion of COVID-19 worldwide increases interest in unraveling genomic variations of novel SARSCoV-2 virus. Metadata of 60,703 SARS-CoV-2 genomes submitted to GISAID database were analyzed with
respect to genomic clades and their geographic, age, and gender distributions. Clade GR was the most
frequently identi ed followed by G and GH. Chronological analysis revealed expansion in SARS-CoV2 clades with D614Gmutations indicating adaptation-driven evolution. Of them, clade GH showed a slight
regression. GR, GH and L clades prevail in countries with higher deaths. GR clade showed higher
prevalence among severe/deceased patients. Metadata analysis showed higher (p > 0.05) prevalence
of severe/deceased cases among males than females and predominance of GR clade in female and
children patients. Furthermore, severe disease/death was more prevalent (p < 0.05) in elderly than in
adults/children. These ndings uniquely provide an evidence-based evolution of SARS-CoV-2 leading to
altered infectivity, virulence, and mortality.

Introduction
Late in December 2019, an outbreak of atypical pneumonia of unknown etiology was described in Wuhan
province in China. A novel coronavirus named “Severe Acute Respiratory Syndrome CoronaVirus 2 (SARSCoV-2)” was then identi ed as the etiologic agent.1,2 Later, the disease was designated COrona VIrus
Disease – 2019 (COVID-19).3 The rapid expansion of COVID-19 cases in number and geographic
distribution prompted the World Health Organization (WHO) to declare a global health emergency.
Containment of the disease was hindered by the lack of antiviral treatment, lack of vaccines and
existence of asymptomatic carriers. In March 11, 2020, the virus was o cially classi ed by the WHO as a
pandemic.
After declaration of COVID-19 as pandemic, there was a global interest in exploring genomic variations in
the novel virus. The rst genomic sequence of SARS-CoV-2 was reported by Wu and colleagues.2
Subsequently, publicly available resources were developed to provide dynamic and updated data on
SARS-CoV-2 genome, thus offering an extraordinary opportunity for comparative genomic studies.
Among the open access repositories of SARS-Cov-2 genomic sequences are the Global Initiative for
Sharing All In uenza Data (GISAID) database (https://www.gisaid.org)4, National Center for
Biotechnology Information database (NCBI) (www.ncbi.nlm.nih.gov), and Virus Pathogen Resource
database (ViPR) (www.viprbrc.org). Genome analysis tools were also provided by several platforms such
as The China National Center for Bioinformation (https://bigd.big.ac.cn/ncov/tool/annotation)5
Nextstrain project (https://nextstrain.org)6, and CoV-GLUE (http://cov-glue.cvr.gla.ac.uk).7
According to GISAID nomenclature system, most of the currently sequenced SARS-CoV-2 genomes were
clustered into one of six major clades. In their submission order, SARS-CoV-2 clades include L, to which
SARS-CoV-2 virus reference strain belongs, S, G, V, GR and GH. They exhibit few changes in relation to the
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reference strain (GenBank accession number NC_045512, GISIAD accession ID: EPI_ISL_402124). Such
changes include: L84S in NS8 for clade S; coexisting L37F and G251V mutations in NSP6 and NS3,
respectively for clade V; D614G mutation in the spike protein (S) for clade G. In addition to D614G, NS3Q57H and N-G204R mutations characterize the clades GH and GR, respectively. Genomes that don’t
belong to any of the six major clades had the designation “O clade”.
Given that most of the immune-based therapeutics and diagnostics of COVID-19 are based on the protein
sequence of Wuhan reference strain spike8, their e cacy could potentially be affected by genomic
variations and the associated altered viral phenotype. Moreover, the in uence of genetic mutations on the
infectivity and/or virulence of SARS-CoV-2 is yet to be established.9 The acquisition of mutations
imparting higher infectivity, virulence and/or immunological resistance is thus an eminent threat.
Accordingly, active genomic surveillance and close monitoring of the genomic sequence dynamics of
SARS-CoV-2 is urgently required to: a) trace the pattern of geographic spread of the virus during the
ongoing pandemic10,11; b) ensure the effectiveness of vaccines and immune-based diagnostic or
therapeutic interventions currently in use or under investigation9; and c) identify putative therapeutic
targets.12-14
Geographic, gender, and age discrepancy of COVID-19 disease outcome have been reported by several
studies.15-18 Whether this correlates to SARS-CoV-2 genomic variation is still unclear. In addition to
laboratory investigations, statistical approaches correlating the distribution of viral clades in different
groups to disease severity might provide a good evidence on this bias. The current study aims to analyze
the geographic, gender and age distribution SARS-CoV-2 genomic clades with respect to COVID-19
disease epidemiology.

Results
Geographic distribution of SARS-CoV-2 clades
As of July 7, 2020, WHO reported a total number of 11,669,259 con rmed COVID-19 cases and 539,906
deaths.19 The calculated world case fatality rate (CFR) was 4.63%.
The median number of cases reported from the countries from which SARS-CoV-2 genomes were
submitted to the database was 16,799 while the median number of deaths was 274 and that of the CFR
was 2.2%. Contributing countries were grouped into two groups according to the relation between the
national values of each of the disease epidemiology parameters to the median. Of all continents, the
highest number of COVID-19 cases was reported from North America. This was also associated with the
highest median CFR (6.26%). On the other hand, most deaths were reported from Europe. GR was the
most common clade (29.4%), followed by G (23.4%) and GH (21.5%). Other less common clades
including L, S, and V were identi ed in 6.1%, 7.0% and 6.7% of the submitted genomes, respectively. About
6.0% of the genomes were not clustered into any of the major clades.
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Analysis of the continent distribution of viral clades (Fig 1) showed that clade G was the most common
in Africa (52.6%) and Oceania (26.4%). Clade GH was the most common in North America (58.5%). GR
was the most common clade in Europe (40.0%) and South America (52.9%), while other clade (O)
predominated in Asia (34.7%).
The number of coexisting clades was compared between countries with respect to different disease
epidemiology parameters including the number of cases, total number of deaths and CFRs. Viral strains
belonging to all known clades coexisted in 27 countries (27.0%). Such countries had also reported above
median local values for the studied disease epidemiology parameters. Of them, above median number of
cases, number of deaths and CFRs were reported by 70.3%, 66.6%, and 62.9%, respectively.
Mann Whitney test showed a signi cant difference in the distribution of the number of coexisting clades
in the two groups with respect to the total number of cases (P-value = 0.008), total deaths (P-value =
0.038) and CFRs (P-value = 0.039). Higher medians were shown for all parameters in the group of
countries where above median cases, deaths and CFRs were recorded.
The impact of the distribution of individual clades on the disease epidemiology was also analyzed.
Distribution bias of some clades was noted, as shown in Table 1. This was statistically signi cant for all
clades with all disease epidemiology parameters.
Table 1: Geographical distribution of SARS-Cov-2 clades with respect to disease
epidemiology parameters
Geographic Region
Countries showing above median number of cases
Countries showing below median number of cases
Countries showing above median number of
deaths
Countries showing below median number of
deaths
Countries showing above median CFRs
Countries showing below median CFRs

G%
22.9
26.8
23.1

GH%
20.9
26.9
21.7

GR%
31.3
13.7
31.3

L%
6.4
3.2
6.3

O%
4.9
15.8
4.1

S%
6.8
7.9
6.7

V%
6.8
5.6
6.8

25.4

19.6

13.6

4

22.5

8.9

5.9

23.1
25

21.8
19.5

31
17

6.4
3.7

4.1
21.2

6.8
8.4

6.9
5.2

The distribution bias of different clades among the groups of countries showing above median and below
median values for all disease epidemiology parameters was statistically signi cant (P-value <0.05).

Among all studied cases, patient’s clinical status were speci ed for only 1331. Based on the provided
data, such cases were grouped into mild/recovered cases (n=1153) and severe/deceased cases (n=178).
Only clade GR was signi cantly more frequently identi ed among viral genomes isolated from
severe/deceased cases (Pearson Chi Square, P-value= <0.001). In contrast all other clades showed higher
prevalence in mild/recovered cases than severe/deceased ones. Of them, this was statistically signi cant
only for clade S (Pearson Chi Square, P-value= 0.003) (Table 2).
Table 2: Distribution of SARS-CoV-2 clades with respect to patient’s clinical status
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Patient Status
Severe/deceased
Mild/recovered
P-value

G%
21.9%
23.0%
0.751

GH%
24.7%
25.2%
0.901

GR%
31.5%
15.1%
<0.001*

L%
5.6%
7.4%
0.398

O%
12.4%
18.0%
0.062

S%
2.8%
9.5%
0.003*

V%
1.1%
1.9%
0.761

*P-values < 0.05 are statistically signi cant.
Analysis of the chronological distribution of SARS-CoV-2 clades was done for 59,425 cases for which the
date of collection was available. The analysis showed a gradual regression in the number of genomes
that belonged to some clades including L, S, and V as well as those not clustered into any of the major
clades (clade O). This was accompanied by an expansion in the number of genomes that belonged to
others such as G, GR and GH. A slight recent regression was also noted for clade GH compared to G and
GR. The global chronological distribution of SARS-CoV-2 clades is shown in Fig 2.

Gender distribution of SARS-CoV-2 clades
The severity of cases in both genders were compared in 1265 cases for which both gender and patient’s
clinical status are known. Although severe or deceased cases were more prevalent among male patients
than females, gender bias was found to be statistically non-signi cant (15.0% versus 12.7%, Pvalue=0.248).
Analysis of 20,939 cases (Males= 11292, Females = 9647) for which patient gender was speci ed
showed gender distribution bias for some clades (Table 3). Some clades were more frequently isolated
from males than females such as L and O, while others were more prevalent in females such as GR and V.
This was statistically signi cant for clades GR and O. Clades G, GH and S were nearly equally distributed
between the two groups. Deeper analysis into patient’s clinical status information showed that GR clades
were signi cantly more prevalent among female patients with severe cases or death than those with mild
or recovered disease (31.8% versus 17.2%, P-value = 0.005). Similarly, genomes that belonged to other
clade (O) recovered from male patients were more prevalent in mild or recovered cases than others
(13.4% versus 11.6%, P-value = 0.603).
Table 3: Gender Distribution of SARS-CoV-2 clades
Gender
Male
Female
P-value

G%
22.1%
22.8%
0.217

GH%
21.5%
21.9%
0.515

GR%
21.2%
23.9%
<0.001*

L%
7.0%
6.0%
0.002

*P-values < 0.05 are statistically signi cant.

Age distribution of SARS-CoV-2 clades
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O%
17.7%
8.1%
<0.001*

S%
7.7%
7.8%
0.990

V%
8.7%
9.5%
0.055

A signi cant correlation was found between age groups and patient’s clinical status. The analysis
included 1194 cases for which both patient age and clinical status are known. Age groups were de ned
as children (up to 18 years), adults (18-64 years) and elderly (65 years or more). Severe/deceased cases
were signi cantly more prevalent in elderly than in adults (38.1 vs 7.9%, Pearson Chi-Square P-value
<0.001) or in children (38.1 vs 3.0%, Pearson Chi-Square P-value <0.001). Although Severe/deceased
cases were more frequently reported among adults than children, this was not statistically signi cant (7.9
vs 3.0%, Fisher’s Exact test P-value = 0.158).
The distribution of genomes that belonged to different clades in different age groups was analyzed
among 20,871 cases for which the patient age was speci ed. This included 68.0% adults, 28.7% elderly
and 3.4% children. The distribution of the genomes that belonged to clade G was nearly the same across
the groups. Viral isolates whose genomes belonged to GR were more frequently isolated from children
(27.2% versus 22.0% in adults and 22.8% in elderly). Those which belonged to clades GH and O showed
higher prevalence in adult patients. The prevalence of GH was 22.1% in genomes from adults, 20.6% in
children and 18.6% in elderly. Other clade (O) was identi ed in 12.4%, 10.9% and 6.4% of viral genomes
recovered from adults, children and elderly patients, respectively. Genomes belonged to clades L, S, and V,
were isolated with higher percentages from elderly patients (7.5%, 8.6% and 13.7%, respectively). The
distribution of SARS-CoV-2 clades in different age groups with respect to patients’ clinical status is
shown in Fig 3.

Discussion
A relatively higher genomic stability was reported for SARS-CoV-2 compared to SARS-CoV.20 Nevertheless,
SARS-CoV-2 genomes sequenced so far were clustered into at least six major clades, as de ned by
GISAID database. Whether the genetic variability in SARS-CoV-2 clades arises due to an ongoing
adaptation or merely due to genetic drift is still unknown. Lack of distinct evolutionary patterns or
signatures in SARS-CoV-2 genomes was reported21, while independently emerged recurrent mutations
were also identi ed22, suggesting an ongoing adaptation. Whether this possible adaptation provides
more tness for transmission and/or virulence is a matter of concern. In the current study, the metadata
of 60,703 SARS-CoV-2 genomes submitted to GISAID EpiCoV database as of July 7, 2020 were analyzed
with respect to genomic clades and their geographic, age, and gender distribution.
Most of the genomes belonged to one of six major clades namely L, S, V, G, GH, or GR. In addition,
genomes that belonged to other clade (O) were also identi ed. About 74.3% of the genomes belonged to
the clades with D614G mutation including the clades G, GH and GR. Of them Clade GR was the most
frequently identi ed followed by G and GH. Earlier in February, clade G characterized by spike D614G
mutation was identi ed and rapidly predominated the pandemic. The mutation was found to be located
in a heavily glycosylated residue in the viral spike that is highly conserved in this species.23 Theoretical
evidence strongly suggests that mutations in this region could be coupled to altered capacity for host cell
membrane fusion23-25, an effect that should also lead to higher person to person transmission and
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pathogenicity. An experimental evidence was later provided by Korber and colleagues,9 who could link
this mutation to greater infectivity and higher viral loads in COVID-19 patients. Sub-clusters of clade G
then started to evolve including the clades GH and GR. Analysis of the chronological distribution of SARSCOV-2 clades in the current study showed that there was much expansion in the number of sequenced
genomes that were clustered into the GR clade compared to clade G. A regression in the number of
genomes clustered into clade GH was also evident. Together with the predominance of the clades GR
followed by G then GH, this suggests higher tness for transmission by clade GR than genetically related
clades. Regression of the newer clade GH in comparison to the ancestral one, clade G, also suggests less
tness for transmission. Based on the mentioned ndings, the hypothesis of an adaptation-driven genetic
evolution is stronger. However, an experimental evidence, providing comparison between clades, is yet to
be established.
Adequate scienti c elucidation of the reasons behind the rapid transmission and higher mortality rates of
COVID-19 in some geographic regions compared to others is still demanding. Apart from public health
issues, intrinsic factors related to viral genome may be implicated. Whether the geographic distribution
bias of SARS-CoV-2 clades is related to the discrepancy of COVID-19 disease severity observed worldwide
is still unclear.26 In agreement with others21,27, a geographic distribution bias of SARS-CoV-2 clades was
evident in the current analysis. The predominance of certain clades in different continents with respect to
local disease epidemiology parameters was also analyzed. The GR and GH clades predominated the
sequenced genomes in the top ranked continents with respect to all disease epidemiology parameters,
including Europe and North America, respectively. Coexistence of all clades was evident in 27% of the
contributing countries accompanied, in most cases, by relatively higher COVID-19 cases, deaths and
CFRs.
Analysis of the geographic distribution of individual clades with respect to disease epidemiology
parameters showed higher prevalence of the clades GR and L among the group of countries that showed
above median total number of cases than others. In addition, GH, GR and L clades were more frequently
identi ed in the genomes submitted from countries with relatively higher deaths and CFRs. Such ndings
suggest higher transmission of viral strains whose genome belongs to clades GR and L. Higher virulence
of clades GH, GR and L is also suspected. To further examine this hypothesis, the distribution of all
clades among viral genomes from patients with mild disease or recovered patients and those from severe
disease or deceased patients was analyzed. Only clade GR signi cantly showed higher prevalence
among the group of severe disease or deceased patients. This is in line with the previous nding of higher
viral loads in patients infected by SARS-CoV-2 virus strains harboring D614G genomic mutations.9 In
addition, lower prevalence of clade S among mild disease or recovered cases was also statistically
signi cant. In agreement with this nding, clade S was also found to be signi cantly less prevalent
among the group of countries that showed above median values for the studied epidemiologic
parameters. Although the reference strain of SARS-CoV-2 belonged to the L clade that also had higher
prevalence at the beginning of the pandemic, clade S was found to be evolutionarily more related to
animal coronaviruses.28 In agreement with our ndings, this suggests higher tness for clade L compared
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to clade S from which it had rapidly evolved early in the pandemic. Together, our ndings support the
previous hypothesis of Brufsky about possible ongoing competition between viral clades of varying
virulence during the current pandemic.29
Analysis of genomes metadata showed higher prevalence of severe or deceased cases among male
patients than females but without statistical signi cance. The worse disease outcome of male patients
was also reported by others.15-18 Several assumptions have been made by scientists to justify this gender
bias. Among them are female’s superior immune response30 and higher angiotensin converting enzyme
type 2 (ACE2) activity in male or ovariectomized animal models.31 ACE2 is the main receptor for SARSCoV-2 spike through which it attaches to target cells.32 Wambier and colleagues assumed androgen
receptor genetic variation as a likely reason.33 The receptor is thought to regulate transcription of the
transmembrane protease serine 2 (TMPRSS2), responsible for S protein priming that allows viral fusion
to host cell membranes.32 To explain the role of genomic variation of SARS-CoV-2, the distribution of
SARS-CoV-2 clades in viral genomes from male versus female patients was analyzed. Gender bias was
evident for some clades but this was statistically signi cant only for clade GR that was, strikingly, more
prevalent in female patients. Deeper analysis of patients’ clinical status showed that such infections were
signi cantly associated with severe or deceased cases. Our hypothesis is that being relatively more
resistant to COVID-19 or at least to worse disease outcome, females showing symptomatic disease are
more likely get infected by the most virulent clade (clade GR, as assumed in the current study).
Consistent with previous reports16,34-36, our analysis showed that severe disease or death was
signi cantly more prevalent in elderly than in adults and children. This was previously explained by
existence of comorbidities, immune senescence37 and alterations in ACE2 receptors.38 Mild disease in
children was also reported by many studies.15,39 Contributing factors may include lower maturity and
function of ACE2 receptors40 and viral co-infection that leads to limited replication of SARS-CoV-2 in the
respiratory tract.41 Similar to the least susceptible gender group, children age group showed the highest
prevalence for clade GR. The association between symptomatic disease in the most resistant age group
and the most virulent clade was also concluded. Analysis of patients’ clinical status showed that only
two SARS-COV-2 genomes were recovered from children with severe COVID-19 or deceased cases. The
genomes belonged to the clades G and GR. In contrast, the clades L, O and S were only identi ed among
mild or recovered cases.

Conclusion
The current analysis provides a statistical evidence on an ongoing adaptation-driven SARS-CoV-2
evolution whose outcome is higher viral infectivity and virulence. This is suggested by the biased
distribution of the newer clades in geographic regions from which higher number of cases and deaths as
well as higher CFRs were reported. More frequent isolation of the newer clades from the least susceptible
populations including females and children was also noted. Given that the newer clades are thought to
have higher virulence, this suggests that further evolution of the virus may put such groups at higher risk
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for COVID-19 worse outcome. However, it is worth mentioning that a successful genome-based
epidemiologic analysis is limited by the inadequate and imbalanced number of genomes deposited in
open access databases. Some constraints in this respect are the lack of whole genome sequencing
facilities and data sharing policies by some countries. Accordingly, an experimental evidence is required
to con rm or role out our hypothesis.

Materials And Methods
SARS-CoV-2 genomes metadata
Metadata of all SARS-CoV-2 genomes submitted to the GISAID database
(https://www.gisaid.org/CoV2020/), were accessed in July 7, 2020 (n = 60,782). Only genomes of viruses
isolated from humans (n = 60,703) were selected for analysis. The genomes were submitted by labs from
100 countries around the world. Metadata of genomes included information on collection date,
geographic location, patient gender, patient age, patient clinical status and viral genome clade. Genomic
clades were de ned according to GISAID database nomenclature system at the time of data collection.

Disease epidemiology data
Data of the disease epidemiology including total number of cases and total number of deaths in different
countries were obtained from Coronavirus disease (COVID-19) Situation Report – 170, released by the
WHO and available at (https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situationreports), accessed in July 8, 2020.

Statistical Analyses
Categorical data were expressed as percentages, while the median was used to describe the central
tendency of the non-normally distributed numerical data. Group comparisons were done using MannWhitney U-test for numerical data and Chi-square (χ2) or Fisher’s exact test for categorical data. All
statistical analyses were performed using the Statistical Package for Social Sciences (SPSS) software
version 20.0 (IBM Corp., Armonk, NY, USA). P-value of less than 0.05 (two-tailed) was considered to be
statistically signi cant.
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