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Abstract

Background SARS-CoV-2 genome sequencing, genomic characterization, and global data sharing are
recommended to facilitate countermeasures against COVID-19. This study involved whole genome sequencing and
phylo-evolutionay analysis of SARS-CoV-2 variants circulating in Osun State, Nigeria between January and June, 2021.

Methods In the present retrospective, molecular epidemiologic study, a total of 60 nasopharyngeal samples from
RT-gPCR-positive COVID-19 patients originating from eight study locations were analyzed. This was done using RNA
extraction application of the McKinsey Global Institute’s (MGI) DNBSEQ-G50RS high-throughput genome Sequencing
Technology and Bioinformatics Analysis Pipeline. Quantitative data were analyzed with descriptive and inferential
statistics.

Results Forty-five SARS-CoV-2 (45/60) whole genome sequences (WGSs) were successfully analyzed with
participants being mostly male adults (64.4%) and a median age of 44 years. Five PANGO lineages including: B (35.6%),
B.1.525 (31.1%), B.1.1.7 (28.9%), B.1 (2.2%), and L.3 (2.2%) were identified, with Eta VOI (14/45) and Alpha VOC (13/45) as
the dominant variants. A total of 29/45 of these genomes exhibited amino acid (aa) substitutions in the viral spike (S)
protein, totaling 275 substitutions. Six of these genome sequences carried key mutations, including H69del, V70del,
Y144del, D614G, N501Y, A570D, P681H, T716l, and Q677H. These mutations are known to influence SARS-CoV-2
transmissibility, virulence, and potential resistance to neutralization by vaccine-induced antibodies/convalescent sera.
Phylo-evolutionary analysis revealed three distinct clusters, 16 sequences from Lineage B clustered closely with the
reference Wuhan-Hu-1 strain (NC_045512.2). Notably, 19 of our WGSs showed genomic relatedness to SARS-CoV-2
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strains from other regions of Nigeria, as well as, from West/other African countries, including Egypt, Senegal, Morocco
and South Africa. The single L.3 lineage reported clustered with strains from Nigeria and Benin.

Conclusions These evidences suggest inbound or outbound transmission of the dominant Eta and Alpha variants.
The study highlights the dominance of Eta VOIs and Alpha VOCs during the second COVID-19 wave in Osun State,
Nigeria, suggesting potential inbound and outbound spread of the virus between other states in Nigeria and other
African countries. The general absence of severe illness (except for four participants with shortness of breath) among
study participants may indicate a protective effect of post-exposure immune response; however, underreporting of
severe cases cannot be ruled out as a potential contributing factor.
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Background

In December 2019, a cluster of pneumonia cases of
unknown aetiology among humans emerged in Wuhan,
Hubei Province, China, linked to a seafood market. The
causative agent, a novel virus, was subsequently desig-
nated as 2019 novel Coronavirus (2019 nCoV) [1- 3]. Fol-
lowing the availability of complete genome sequence [1],
the Coronavirus Study Group (CSG) of the International
Committee on Taxonomy of Viruses(ICTV) classified the
virus as severe acute respiratory syndrome-coronavirus
2 (SARS-CoV-2) due to its genomic similarity to SARS-
CoV from 2002 outbreak [4, 5].

SARS-CoV-2 is a positive-sense, single-stranded RNA
virus in the family Coronaviridae, genus Betacorona-
virus in the subgenus: Sarbecovirus [1, 6, 7]. The refer-
ence strain of SARS-CoV-2 (GenBank ID: MN908947
or GISAID ID: EPI_ISL_402124) isolated from a patient
sample in Wuhan (China) consists of 29,903 nucleotides
and features a gene order of 5-replicase ORFlab-S-E-
M-N-3; along with accessory genes typical of coronavi-
ruses [8]. Like the previous two emerging coronaviruses,
SARS-CoV-1 of 2002 and MERS-CoV of 2012, SARS-
CoV-2 causes respiratory disease, spreading through
close physical contact and respiratory droplets [9, 10].
Infection occurs via the viral spike (S) protein binding
to angiotensin-converting enzyme 2 (ACE2) in human
respiratory tract [11]. By November 10 2024, SARS-
CoV-2 had spread to over 234 countries, areas and ter-
ritories, causing 776.8 million confirmed infections, with
over 7 million deaths [12]. In Nigeria, by December 2023,
267,173 cases and 3,155 deaths from COVID-19 were
reported [13].

Like other RNA viruses, SARS-CoV-2 undergoes rapid
genomic evolution during replication in human host
cells leading to alterations in its phenotype [14—16]. As
the virus replicates in infected individuals, it accumu-
lates mutations across its genome, leading to over 2,000
genetic variants derived from the ancestral Wuhan strain
[17, 18]. Mutations that confer a competitive advantage
such as increased transmission, replication efficiency and
immune evasion, may become fixed in the viral popula-
tion through natural selection, impacting viral phenotype

[15]. An example is the D614G mutation in the spike pro-
tein which enhances infectivity and stability of the spike
protein which was first identified in the Alpha variant
[19]. Some of the factors responsible for the evolutionary
process of the virus include viral factors (mutation and
genetic drift in the spike protein, runaway evolution due
to novel selective pressure); host factors (e.g., genetic sus-
ceptibility and immune system dynamics); environmental
factors (reservoir and host interaction, climate and geog-
raphy) [16, 20, 21]. Though there was a period (about 8
months) of evolutionary stasis following the emergence
of SARS-CoV-2, when the virus exhibited limited appar-
ent genomic evolution; the virus thereafter underwent
rapid mutations. The mutation, in the spike protein lead-
ing to increased virus transmissibility, immune evasion
and severe disease impacts alongside the application of
phylogenetic analysis documented during the pandemic
led to identification and designation of SARS-CoV-2 vari-
ants/lineages [15, 22]. Variants with increased fitness and
transmissibility contributed to successive COVID-19
pandemic waves [23].

The SARS-CoV-2 genomic evolution possess signifi-
cant public health risks spanning across five main areas
including transmissibility, pathogenicity, immunogenic-
ity/vaccination, diagnostics and therapeutics [12, 22,
24, 25]. These challenges necessitated national genomic
surveillance, with the WHO/CDC classifying lineages
into variant of concern (VOC), variant of interest (VOI)
and variant under monitoring (VUM) to prioritize pub-
lic health responses and research [22, 26]). In addition,
SARS-CoV-2 lineages are classified for epidemiologi-
cal identification and tracking using platforms such as
GISAID, Nextrain, PANGOLIN and Marseille [27]).
PANGOLIN serves as the primary source of SARS-
CoV-2 lineage nomenclature [28].

Of the 16 SARS-CoV-2 emerging lineages, four were
earlier identified as VOC: Alpha (B.1.1.7) from the UK,
Beta (B.1.351) from South Africa, Gamma (P.1/B.1.1.28)
from Brazil, Delta (B.1.617.2) from India and Omicron
(B.1.1.529) from South Africa [12, 29, 30]. The remaining
lineages were classified as VOIs including Eta (B.1.525),
Zeta (P.2), Epsilon (B.1.427), Theta (P.3), Iota (B.1.526),
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Kappa (B.1.617.1), Lambda (C.37) and Mu (B.1.621) [22,
23, 31].

Molecular epidemiology has facilitated the identifi-
cation of specific variant-defining mutations unique to
VOCs and VOIs. For example, the Alpha VOC (B.1.1.7
lineage) which emerged in September 2020 in UK
became the dominant variant for the period and was
exported to other countries [32]. It harboured 17 muta-
tions including 14 non-synonymous point mutations and
three deletions. Eight mutations (A69-70 deletion, A144
deletion, N501Y, A570D, P681H, T716I, S982A, and
D1118H) were located in the spike protein [33]. Of these,
The N501Y mutation in the receptor-binding domain
(RBD) enhanced ACE2 binding affinity [33, 34], while the
P681H mutation adjacent to the furin cleavage site (FCS)
increased transmissibility [35]. The H69/V70 deletion
was associated with immune escape and diagnostic test
kit failure [36]; similar variant-defining mutations were
observed in other VOCs [18].

The application of Next Generation sequencing (NGS)
technology and bioinformatics have provided more
opportunities for rapid genome sequencing and of analy-
sis of SARS-CoV-2. Platforms such as Illumina (MiSeq/
HiSeq), PacBio, Ion Torrent, Oxford Nanopore and MGI
sequencing have been widely used [37, 38]. The MGI
platform, coupled with ATOPlex design and standardized
library preparation kits, offers cost effective, high-quality
and efficient sequencing [38]. Genome-scale sequence
data have transformed molecular phylogenetics into
phylogenomics, enabling the reconstruction of SARS-
CoV-2 evolutionary history using WGS data deposited in
GISAID database [26, 31, 37].

This study involved whole-genome sequencing and
phylogenomics of SARS-CoV-2 in Osun state, Nigeria
during the first half of 2021 to identify and character-
ize circulating SARS-COV-2 variants. We used MGI’s
DNBSEQ® sequencing platform and ATOPlex technol-
ogy followed by bioinformatics analysis of sequence data.
We aimed to determine the genomic relatedness of local
variants to global reference strains, trace the sources and
trajectories of virus introduction to inform public health
response.

Methods

Study location, ethical approval, study design, and sample
collection

This retrospective, molecular epidemiologic study
was conducted in Osun state, southwest Nigeria
(7.56289640°N, 4.51995930°E), predominantly populated
by Yorubas, with Osogbo as its capital. Osogbo’s popula-
tion was 731,000 in 2021 [39]. The 60 samples were col-
lected from eight locations (Ede, Gbongan, Igbajo, Ikire,
Ile-Ife, Ilesa, Moro, and Osogbo) across 11 of the state’s
30 Local Government Areas (LGAs) (Fig. 1), with 76.7%
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of samples from Osogbo. Ethical approval was obtained
from the Health Research Ethics Committee, UNIOSUN
(UNIOSUNHREC 2021/006B) and Osun State Health
Research Ethical Committee [OSHREC], Sept., 2022).
Informed consent/consent to participate was not appli-
cable as the clinical samples were collected as part of the
State’s routine surveillance and management of symp-
tomatic patients and asymptomatic individuals intend-
ing to travel abroad during the COVID-19 pandemic.
The study was conducted in accordance with the Hel-
sinki Declaration on use of human subjects in research.
Confidentiality was ensured by using coded identifiers
instead of sample names, with data securely stored and
accessible only to authorized researchers. Samples (1 =
60) for this study were randomly selected from archives
(-80°C) being originally collected between January and
June 2021 during routine surveillance and clinical evalu-
ation of patients by the Epidemiology Unit of the Min-
istry of Health, Osun State during the second wave of
the pandemic [40-42]. To ensure adequate sequencing
reads and genome quality were recovered, only positive
samples with Ct values * 30 for E, RdRp and N genes were
included. When a selected sample number in the Excel
spreadsheet of positive samples happened to have higher
than 30 Ct value, we de-selected and re-selected in no
specific order until we had 60 positive samples. All sam-
ples were collected in line with NCDC/WHO approved
protocol. Briefly, nasopharyngeal and nasal swabs were
collected by State’s Epidemiology Unit into viral trans-
port medium and transported under a cold chain to
the NCDC-accredited Molecular Diagnostics Unit
of the Multidisciplinary Research Laboratory (MRL),
Osun State University, Osogbo, Nigeria. RT-qPCR was
conducted on each of the samples to further confirm
presence of SARS-CoV-2 in the samples [43]. The Epi-
demiology Unit also collected each patient’s clinical data
using Case Report Form.

Viral RNA extraction from clinical samples

The archived confirmed COVID-19 nasopharyngeal sam-
ples were retrieved from —80°C storage and allowed to
thaw on ice under a Biosafety Level II plus cabinet using
appropriate PPE. A 200 pl aliquot from each sample was
processed for total RNA extraction using QIAamp Viral
RNA Mini Kit (QIAGEN, Hilden, Germany) according to
the manufacturer’s instructions. The viral RNA extracts
were subsequently used for whole genome sequencing/
molecular analyses (converted to cognate cDNA for MGI
- DNBSEQ-G50RS Sequence Technology) in National
Institute for Medical Research (NIMR), Yaba, Lagos,
Nigeria as shown below.
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Fig. 1 Map of Osun State showing the sample locations; Osogbo with the biggest red sphere had the largest sample size

Reverse transcription and PCR amplification

Sixty viral RNA extracts were transcribed to correspond-
ing ¢cDNA using the MGI ATOPlex RNA Universal
Library Prep Module [38]. The protocol was conducted
in three steps using three separate designated laboratory
areas to prevent aerosol and cross-contamination: Firstly,
RNA (10 pl) extract were subjected to reverse transcrip-
tion according to the manufacturer’s protocol. Reac-
tion conditions included: 25 °C/10 mins; 42 °C/30 mins;

70 °C/15 mins and held at 4 °C; first PCR mix was pre-
pared on ice. Secondly, PCR amplification targeting the
SARS-CoV-2 genome was performed using MGIEasy
RNA Library Prep Kits following the manufacturer’s
instruction (PCR conditions: 1 cycle of 37 °C/5 mins
and 95 °C/10 mins; 13 cycles of 95 °C/15 s, 64 °C/1 min,
60/1 min, 72 °C/30 s and hold at 4 °C); PCR products
were cleaned, and second PCR mix was prepared on ice.
This was followed by the introduction of dual barcoded
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adaptors under these conditions: 1 cycle of 37 °C/5 mins
and 95 °C/10 mins; 27 cycles of 95 °C/15 s, 64 °C/1 min,
60/1 min, 72 °C/30 s and held at 4 °C; The PCR products
were cleaned up immediately for sample pooling and
preparation of single stranded circular DNA (ssCirDNA).

Library Preparation (Generation of DNA nanoball for
nucleotide Sequencing)

Quantitation of purified second PCR products was per-
formed using Qubit® dsDNA HS Assay kit (ThermoFisher
Scientific). Samples were pooled to a total of 400 ng con-
centration in a 48 ul volume, denatured (95 °C for 3 min
and held at same temperature) and used for ssCirDNA
synthesis with MGIEasy dual barcode circularization kit
according to DNBSEQ-G50RS instructions (37 °C for
30 min, hold at 4 °C). The ssCirDNA libraries underwent
clean-up step and quantitation using the Qubit® ssDNA
Assay kit (ThermoFisher Scientific). DNA Nanoballs
(i.e., final sequence libraries) were prepared using DNB-
SEQ-G50RS High-throughput sequencing reagents in
a 3:1 ratio of sample DNA Nanoball to balanced library
DNA Nanoball in a 100 pl volume before nucleotide
sequencing.

Whole SARS-CoV-2 genome sequencing on MGI DNBSEQ-
G50RS platform

Full-length viral genomes were sequenced using the
DNBSEQ-G50RS platform with 100 bp paired-end
sequencing (PE100). DNA Nanoballs were loaded onto
a large flow cell (FCL) and sequenced with DNBSEQ-
G50RS High-throughput PE100 reagents and Barcode
Primer 3 according to manufacturer’s instructions.

Bioinformatics analysis and phylogenomics

A bioinformatics analysis was performed using the MGI
ATOPlex SARS-CoV-2 pipeline (https://github.com/
MGI-tech-bioinformatics/SARS-CoV-2_Multi-PCR_v
1.0). Reads generated from sequencing were demultip
lexed and trimmed using the Trimmomatic algorithm,
which is built into the MGI ATOPlex SARS-CoV-2 bio-
informatics pipeline. Sequence quality was assessed
using FASTQC tool. In the MGI ATOPlex SARS-CoV-2
bioinformatics pipeline, reads underwent referenced-
based assembly by aligning them with the SARS-CoV-2
reference genome (Wuhan-Hu-1, MN908947.3) to gen-
erate a consensus sequences used for further analysis
[38]. Phylogenomics analysis included 45 SARS-CoV-2
whole genome sequences (WGS) sequenced in this
study (Supplementary File Table 1), reference genome
(Wuhan-Hu-1; NC_045512.) and 710 high-coverage
African SARS-CoV-2 WGS retrieved from GISAID.
Sequences were aligned using MAFFT in Galaxy web
tool (Galaxy Version 7.526) [44]. Phylogenomic relation-
ships of nucleotide sequences were inferred using PhyML
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(PHYlogenetic inferences using Maximum Likelihood)
and visualized using interactive Tree of Life (iTOL) v6.9.1
[45, 46]. Metadata for the 45 sequences are provided in
Supplementary Table 1.

Data analysis

Quantitative data obtained from the study are presented
with descriptive statistics (mode, median, interquartile
range [IQR], percentage and odds ratio with 95% confi-
dence interval [95% CI]). Inferential statistics to establish
significant differences between variables was done with
Mann—-Whitney U-test.

Results

Study Location, participants’ demographics and clinical
data

The study involved 60 SARS-CoV-2 positive individu-
als residing in Osun State during the pre-COVID-19
vaccination era, coinciding with the second wave of the
pandemic. Whole-genome sequencing of SARS-CoV-2
was, however, successful for 45 of the 60 nasopharyngeal
samples. While metadata is provided in Supplementary
File Table 1, the whole genome sequence data had been
deposited in NCBI GenBank (Accession numbers shown
in Supplementary File Table 2).

Participants aged 16-76 years (median: 44 years; inter-
quartile range [IQR]: 61-32 years) included 29 males
(median: 40 years; IQR: 59-34 years) and 16 females
(median: 48.5 years; IQR: 64.5-24 vyears) who were
comparable in median age (p=0.673). Of these, 12 par-
ticipants (7 males, 5 females) were aged 60-76 years
(median: 65 years). None had a history of travel, contact
with COVID-19 cases, or hospitalization. Clinical symp-
toms were reported in some participants: cough (10.0%),
muscle aches (5.0%), shortness of breath (6.7%), nau-
sea (3.3%), headache (5.0%), runny nose (3.3%) and sore
throat (1.7%). One (1.7%) participant had diabetes mel-
litus; none (0.0%) had chronic lung, cardiovascular, renal,
or liver disease, nor immunocompromised conditions.
No mortality (0.0%) was recorded among the 60 partici-
pants (Table 1).

Lineage assignment and distribution of the study WGSs

The genomes represented five different GISAID clades:
G (n=17), GR (n=1), GRY (n=9), L (n=16) and O
(n=2); or five PANGO lineages. Specifically, the G clade
included B.1.525 (n=13), B.1.1.7 (n=3) and L.3 (n=1);
the GR was B.1.525; GRY comprised of B.1.1.7 (n=9);
L (n=16) represented B lineage without sub-lineages;
and the O included B.1 (#=1) and B.1.1.7 (n=1) (Fig. 2).
Notably, ancestral lineages B and B.1 persisted from the
first to the second wave. The dominant variants observed
were Eta (14 B.1.525, VOI) and Alpha (13 B.1.1.7, VOC)
with prevalence rates of 31.1% (95% CI: 17.6-44.6%)
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Table 1 Demographic/Clinical information of the study
participants
Demographic/Clinical information No. involved No. positive (%)

Travel history 60 0.0 (0.0)
Hospitalization 60 0.0 (0.0)
Contact with COVID-19 cases 60 0.0 (0.0)
Cough 60 6.0 (10.0)
Muscle ache 60 3.0(5.0)
Runny nose 60 20(33)
Sore throat 60 1.001.7)
Shortness of breath 60 40(6.7)
Nausea 60 20(3.3)
Headache 60 3.0(5.0)
Chronic lung disease 60 0.0 (0.0)
Chronic renal disease 60 0.0 (0.0)
Chronic liver disease 60 0.0 (0.0)
Cardiovascular disease 60 0.0 (0.0)
Diabetes mellitus 60 1.001.7)
Immunocompromised state 60 0.0 (0.0)

and 28.9% (95% CI. 15.6-42.1%), respectively. Twelve
of the 13 Alpha VOCs were from Osogbo; while 14 Eta
VOIs originated from Osogbo (9 sequences), Ilesa (2
sequences) and one each from Ede, Ikire and Moro.

An analysis of the Eta VOI (B.1.525) and Alpha VOC
(B.1.1.7) in relation to gender, age, symptoms, and
viral load showed that among females, 8 out of 16 were
infected with Eta VOI, While 4 out of 16 had Alpha
VOC. For males, 6 out of 29 had Eta VOI, and 9 out of
29 had Alpha VOC. Of the 12 older individuals aged
60-76 years, 4 were infected with Eta VOI, and 4 with
Alpha VOC. Among the 33 individuals aged 16—58 years,
10 (30.3%) were infected with Eta VOI, and 9 (27.3%)
with Alpha VOC. Among the 15 symptomatic individu-
als, 6 (40.0%) were infected with Eta VOI, and 3 (20.0%)
with Alpha VOC. Regarding viral load, among the 14
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individuals with Ct values<21.00 for the E gene, 6 had
Alpha VOC, and 2 had Eta VOI; of the 13 individuals
with Ct values<21.00 for the RdRp gene, 5 had Alpha
VOC, and 3 had Eta VOI; and among the 15 individuals
with Ct values <21.58 for the N gene, 6 had Alpha VOC,
and 3 had Eta VOL

Mutation and variant analyses

Amino acid (AA) substitution data were available for
29 (64.4%) of the WGSs with genome sizes ranging
from 29.823 to 29.888 Kb. Mutations occurred over the
entire genome length of the WGSs (Fig. 3), and analysis
of the S proteins showed a total of 275 AA substitutions
(range of 2-57, with 4 as median AA substitutions); nine
of the sequences had 8-57 AA substitutions (Fig. 4). Of
these, six sequences (3 Alpha VOC and 3 Eta VOI) had
defining mutations (Table 2). Five variants had Y144del,
and four had H69del and V70del, but no mutation was
shared between Eta and Alpha variants. The 16 B lin-
eage genomes (Clade L) lacked observable mutations,
except for one L.3 lineage. No significant difference in
the median AA substitutions was found between Eta VOI
(median =4) and Alpha VOC (median =3, p=0.62).

Phylogenomics of the study SARS-CoV-2

Phylogenomics of the 45 SARS-CoV-2 WGSs identified
three distinct clusters (Fig. 5). The B lineages (Clade Ls,
87.5% sampled from Osogbo) clustered with the ref-
erence Wuhan-Hu-1 strain (NC_045512.2) and three
other lineages (1 B.1, 1 B.1.1.7 and 1 B.1.525, also from
Osogbo]). Then a strain B.1.1.7 (Clade GRY [hCoV-19/
Nigeria/MRL-0OS-1259/2021 sampled from Osogbo])
formed a separate divergence as second cluster; while the
third cluster comprised 25 strains sampled from Osogbo
(majority), Ile-Ife, Ilesa, Ede, Ikire, Moro and Gbongan.
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Fig.2 Frequency distribution of PANGO lineages of SARS-CoV-2 identified from 45 genome sequences in Osun State, Nigeria, 2021. The chart depicts the
prevalence of major lineages (e.g. B.1.1.7 and B.1.525) and their proportions within the dataset
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Table 2 VOCs/VOlIs - defining mutations in the S protein of the
study SARS-CoV-2

S/No Strains Lineages Mutations

1. MRL-0 S-0446  B.1.1.7 Y144del

2. MRL-0 5-1259  B.1.1.7 H69del, V70del, Y144del

3. MRL-OS-1917  B.1.1.7 H69del, V70del, Y144del,
D614G, E484K, Q677H, Q52R

4. MRL-0S-1736  B.1.525 H69del, V70del, Y144del,
D614G, N501Y, A570D,
P681H, T716l

5. MRL-0 S-0920  B.1.525 H69del, V70del, Y144del

6. MRL-0S-2416  B.1.525 Q52R

When the 45 WGSs were included with 710 other
African strains, they formed three separate clusters
(Fig. 6 and Supplementary Figure S1). The 16 B lineage
strains (i.e., Clade Ls) expectedly showed relationship
with the reference Wuhan-Hu-1 strain (NC_045512.2)
and other strains from Senegal, Nigeria, Morocco,
South Africa and Egypt. There were three strains of ours
(hCov-19/Nigeria/MRL-OS-0446/2021; hCov-19/Nige-
ria/MRL-0S-0920/2021 and hCov-19/Nigeria/ MRL-
0S-0810/2021) sampled from Osogbo that clustered
with Egypt, Morocco and Senegal. The remaining strains
formed a separate cluster.

It is noteworthy that only one L.3 lineage (EPI_
ISL_5367954  [hCoV19/Nigeria/MRL-OS-0181/2021]),
sampled from Osogbo occurred in our WGSs; a phy-
logenomic analysis (Fig. 7) of this with 130 Nigerian and
other African sequences showed that it clustered with 7
other Nigerian and two Benin strains.

The Phylogenetic tree was constructed with the neigh-
bor-joining algorithm with evolutionary distance com-
puted using the Kimura two-parameter model to recover
their clustering pattern. Multiple sequence alignment
was performed with MUSCLE in MEGA v11. The num-
bers at each node represent bootstrap values for 1000
replicates.

Multiple sequence alignment was performed with
MAFFT in the Galaxy webtool. Phylogenomic relation-
ships of nucleotide sequences were inferred using PhyML
(PHYlogenetic inferences using Maximum Likelihood)
and visualized using interactive Tree of Life (iTOL)
v6.9.1.

Phylogenetic tree of the study’s L.3 SARS-CoV-2 (red
ID) in relation to other African L.3 strains. The Phylo-
genetic tree was constructed with the neighbour-join-
ing algorithm with evolutionary distance computed
using the Kimura two-parameter model to recover their
clustering pattern. Multiple sequence alignment was
performed with MAFFT in the Galaxy webtool. The
numbers at each node represent bootstrap values for
1000 replicates. This analysis involved 106 nucleotide
sequences.
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Discussion

Whole genome sequencing has been recognized as a piv-
otal tool in clinical research and epidemiology just before
the COVID-19 pandemic, enhancing our understanding
of viral evolution, transmission and vaccine develop-
ment [47]. This study identified circulating SARS-CoV-2
variants during Nigeria’s second wave of the COVID-19
pandemic in Osun State, characterized the mutations and
assessed genomic relatedness with strains from within
and beyond Nigeria.

From 60 samples across eight different locations in
Osun State, 45 were successfully sequenced, reveal-
ing a predominance of Eta (B.1.525) and Alpha (B.1.1.7)
lineages, consistent with previous studies [42, 48-52].
The ancestral B lineage (35.6%) and the rare L.3 lineage
(2.2%) were also detected, with the latter restricted in
transmission. While Eta originated locally and expanded
geographically, Alpha likely arrived via international
transmission before 2021 [28, 53]. Consistent with our
findings, several studies from Nigeria and other African
regions (e.g., Benin, Burkina Faso, Cote d’Ivoire, Gambia,
Ghana, Guinea, Guinea-Bissau, Liberia, Mali, Sen egal,
Togo, Zambia) have reported that the second pandemic
wave was driven predominantly by Alpha and Eta vari-
ants [42, 48-51]. In addition, similar ancestral lineages
(B and B.1) were reported during Nigeria’s first pandemic
wave [42], while the L.3 lineage, also reported by Ola-
woye et al. [42]. and Olorunfemi et al. [52], was detected
once in our study, clustering with other strains in mul-
tiple locations. However, its apparent limited transmis-
sion highlights the need for further investigation into its
virological and clinical characteristics.

Despite 64.4% of participants being male and 26.7%
aged 60 - 76 years, including cases with comorbidities,
no severe illness or mortality was observed, possibly due
to widespread occurrence of convalescent sera [12, 54].
Although the sample size in this study was limited, the
observed higher burden among males aligns with find-
ings reported by Taboada et al. [55] in Mexico and Yadav
et al. [56] in India. However, this contrasts with the study
by Katowa et al. [50], which documented a higher dis-
ease burden among females in the Southern Province of
Zambia. These discrepancies highlight the importance
of regional, demographic, and possibly socio-cultural
factors influencing disease dynamics. Despite the small
sample size, the consistency of male predominance in
multiple studies supports the robustness of our obser-
vations while underscoring the need for larger, more
diverse cohorts to validate these findings.

Phylogenomic analyses revealed three distinct clus-
ters. The ancestral B lineage clustered monophyletically
with Wuhan-Hu-1, while B.1, B.1.1.7, and B.1.525 dis-
played varying relatedness. The L.3 lineage clustered
with other Nigerian and Beninese strains, suggesting
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Fig. 6 Phylogenetics of the study’s 45 SARS-CoV-2 in relation to other 710 African WGSs; Color codes show strains from our MRL and different geographi-

cal areas in Africa

limited cross-border transmission; similar observation
that Nigerian L.3 clustered with strains from Russia, the
Philippines, Australia, and Japan [52]. Continental relat-
edness was evident in our study, with strains clustering
with samples from Senegal, Morocco, Egypt, and South
Africa, pointing to potential travel-linked transmissions
despite unclear participant travel histories.

Mutation analysis identified 275 AA substitutions in
the Spike protein, many associated with increased infec-
tivity, transmission, or immune evasion [34, 57]. Nota-
ble substitutions included D614G, N501Y, E484K, and
Q677H, consistent with previous reports [35, 58]. Vari-
ants with Eta/Alpha-defining mutations (e.g., H69del,
V70del) further underscore their role in the second
wave’s dynamics.

While it was expected that the ancestral B lineage clus-
tered with the reference strain as there was no evidence
of AA substitutions in the B lineage; that lineages B.1,

B.1.1.7 and B.1.525 with 16, 28 and 10 AA substitutions,
respectively in S protein clustered with the B lineage in
Osogbo could not be explained. It was also surprising
that a lineage B.1.1.7 with 27 AA substitutions in S pro-
tein, sampled in Osogbo formed a separate cluster as a
divergence. The third cluster was also a monophyletic
but comprised B.1.1.7, B.1.525 and surprisingly the only
L.3 lineage having 10 AA substitutions in the S protein.
These observations demand further studies with larger
sample size in Osun State/Nigeria.

While we could not state with certainty the direc-
tion of spread of the strains with other countries, the
phylogenomics clearly showed relatedness with SARS-
CoV-2 circulating in other African countries (Fig. 6 and
Supplementary Figure S1), especially the West Africa
sub-region. The ancestral B lineage majorly sampled in
Osogbo clustered with strains from Senegal, Morocco,
South Africa and Egypt, as well as, some from Nigeria.
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Fig. 7 Phylogenetic tree of the study’s L.3 SARS-CoV-2 (red ID) in relation to

There were also three strains that clustered with some
from Egypt, Morocco and Senegal; the occurrence
of clustering of some of ours with those from Egypt,
Morocco and Senegal pointed to either outbound or
inbound travels/transmission, this however, remains a
puzzle as there was no history of travel to those coun-
tries among the study participants; we could not state
for certain either if there was history of travellers from
the three countries into Osun State during the sampling
period.

That the singular L.3 lineage sampled from Osogbo
clustered with 7 other Nigerian strains and two Benin
strains indicated possible cross-country transmission of
the pandemic virus.

71

Page 11 of 13

hCoV-19/Nigeria/CV791
hCoV-19Nigeria/Cvsag
hCo V- 1g/p:

Co V- 19/Nigerig /CVg4g

63
29

heoV
heov-19/Nigeda/NCDC-2d

—— hCoV-19/Nige ria/IST H-E01 85
hCoV- 9/Nigeria/Cv1 037
hCov- "N

CoV. 19/Nigerig/N coe.

]
;Emwﬁ 19N

% " hCoy.4q wlgeﬁac"S?a
i \’:Jé“ iy Vs
;s\“ ov‘f.‘?/lv- ~Cys,
°V.7w _ve”'évp” 25
N L R‘L“.oe
o, C Vs, 3
ey, 4

3

2 FCT-5i

L/
%, 00,
W,
(o
[
)
| = % %

[+ Z '
I AR R I
28522 3,279 % & %,
88 2x%2n 972 %% ¢ %9 % %

$SES353882% % 5% 4 9
228852298 5% 2 %’
E_Z.%éﬁ‘%g.(\%o‘_%i’,%

g 2 2232 Z o °¢ e
s2it5%%9%% ¢
Ee252%%% %3
2002%»97'?
ch.o“’,'”%
ug@% GE
g% R

seven other Nigerian and Benin strains

Conclusions

The study highlights the dominance of Eta VOIs and
Alpha VOCs during the second COVID-19 wave in Osun
State, Nigeria, suggesting potential inbound and out-
bound spread of the virus between other states in Nige-
ria and other African countries. The general absence of
severe illness (except for four participants with shortness
of breath) among study participants may indicate a pro-
tective effect of COVID-19 convalescent sera; however,
underreporting of severe cases cannot be ruled out as a
potential contributing factor. We recommend strengthen-
ing regional genomic data sharing among African coun-
tries to rapidly identify and control inbound/outbound
SARS-CoV-2 variant spread.
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