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Abstract
Kenya’s COVID-19 epidemic was slow to peak. It was seeded early in March 2020, and did not peak until
late-July 2020 (wave 1), mid-November 2020 (wave 2) and late-March 2021 (wave 3). Here we present
SARS-CoV-2 lineages associated with the three COVID-19 waves through analysis of 483 genomes, which
included 167 Alpha (B.1.1.7), 57 Delta (B.1.617.2) and 12 Beta (B.1.351) variants of concerns (VOC) that
dominated the third wave. In total, 35 lineages were identi�ed. The early European lineages B.1 and B.1.1
were the �rst to be seeded in Kenya. The B.1 lineage continued to expand and remained the most
dominant lineage accounting for 55.8% and 56.3% in waves 1 and 2 respectively. The alpha (B.1.1.7),
delta (B.1.167.2) and beta (B.1.351) VOCs dominated in wave 3 at 59.0%, 20.1% and 4.2% respectively.
Eventually, the delta variant took over at the tail end of wave 3 and at the time of going to press, it had
become the major lineage in the whole country. Phylogenetic analysis suggested multiple introductions
of variants from outside Kenya especially during the �rst and third wave. Phylogeny also highlighted
local lineage diversi�cation as local transmission events supervened. The data highlights the importance
of genome surveillance in determining circulating variants to aid in public health interventions.

Background
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has literally been the 2020/21
blockbuster virus. It reached every part of the globe in less than 9 months, and at the time of writing this
report, it had infected 199+ million and killed 4.2+ million people globally. The virus is the etiological
agent of coronavirus disease 2019 (COVID-19), a mysterious severe respiratory illness that �rst appeared
in Wuhan, Hubei Province, China, in December 2019 (Wu et al., 2020). SARS-CoV-2 is believed to have
been transmitted to humans as a result of a zoonotic spillover event believed to have been from a
progenitor bat coronavirus and civet cats as intermediates (Zhou et al., 2020). To date, COVID-19 has
overshadowed all other human health calamities, ravaged global economies and disrupted human social
interactions.

In Kenya, the �rst con�rmed case of COVID-19 was on 13th March 2020 from a Kenyan citizen returning
home from the USA via London, UK (Ministry of Health, 2020). Within two weeks, 31 cases traceable to
the index case and other international travelers were identi�ed. As a result, the citizenry panicked, and the
government instituted a series of countermeasures that included border closures, mandatory quarantine
on returning travelers, night curfews, ban on gatherings, and mandatory mask use while in public spaces.
While these measures slowed the spread of the disease, the virus still managed to in�ltrate into the
community, and new infections were associated with local transmission events. COVID-19 cases
continued to increase, reaching a peak of approximately 1000 cases by late July 2020 and then declined
steadily to very low numbers by mid-September 2020, marking the “end” of the �rst wave.

Buoyed by the reduction in COVID-19 numbers, most of the COVID-19 restrictions were lifted to ease
pressure on a slumping economy. The next one and half months were characterized by low infections,
but this short-lived lull was interrupted by a spike in infection rates that rose steadily, peaking at 1554
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cases by mid-November 2020, triggering another round of lockdowns. The reopening of schools was
postponed, and public gatherings, especially political rallies, stood banned. These measures
progressively reduced infections, and by January 2021, the second wave burned out, after which a third
wave of COVID-19 ensued (Ritchie et al., 2020).

Towards the end of 2020, SARS-CoV-2 variants of concern (VOCs) and variants of interest (VOIs) began
to emerge independently from different parts of the globe. These variants were associated with increased
transmissibility, virulence, clinical presentation and decreased effectiveness to diagnostics and
therapeutics, including vaccines (WHO, 2021). Kenya has so far detected 3/4 currently classi�ed VOCs,
i.e. the Alpha variant (B.1.1.7/ 20I/S:501Y. V1), Beta (B.1.351, 20H/S:501Y. V2) and Delta (B.1.617.2,
21A/S:478K). The country has also recorded two variants of interest, i.e. Eta (B.1.525, 20A/S484K) and
the A.23.1 lineage. VOCs have higher transmissibility than other lineages, as witnessed by the rapid
transmission and global expansion of the alpha and delta variants. The initial fear that some of these
mutants and/or other future variants could negatively impact vaccine e�cacy and constitute
postvaccination “antigenic escape” is already being witnessed with the Delta variant (Planas et al., 2021).

In this report, we use genomic surveillance to dissect the three COVID-19 waves that have occurred in
Kenya since the beginning of the outbreak and provide data that show temporal dominance and eventual
replacement of lineages by the more transmissible VOCs.

Methods
Ethics statement

This study was performed as part of public health surveillance approved by the Kenya government
through the Ministry of Health (MOH) as part of response to the COVID-19 pandemic. The Scienti�c and
Ethical Research Unit (SERU) of Kenya Medical Research Institute (KEMRI) approved a protocol to allow
whole genome sequencing (SERU 4035).

Sample acquisition

Multiple laboratories, including the Basic Science Laboratory (BSL), were designated by the MOH as
COVID-19 testing centers. BSL started supporting COVID-19 mass testing and whole genome sequencing
in March 2020, and by May 2021, the laboratory had screened 45,689 respiratory samples for COVID-19
by RT-qPCR. Samples came from different parts of the country, and a few came from individuals coming
from neighboring countries (Uganda, Congo). Nucleic acid isolation was performed using MagMAX
Pathogen Kits with the KingFisher Flex particle puri�cation system (Thermo Fisher Scienti�c, CA, USA). Of
the 45,689 tested, 9.0% (n=4,109) were positive for SARS-CoV-2 at varying cycle thresholds (Ct). Of the
4,109 positive samples, 483 with Cts <33 were selected for whole genome sequencing.

Whole genome sequencing



Page 5/20

In brief, cDNA was synthesized from RNA using random primers with the Superscript IV one step reverse
transcriptase kit (Thermo Fisher Scienti�c, CA, USA). The cDNA was then used for tiled multiplex PCR
using the ARTIC v3 primers as described in the associated protocol (Sevinsky et al., 2020). The amplicons
were cleaned with AmpureXP beads (Beckman Coulter, USA) and then used to create sequence libraries
using the NexteraXT (Illumina, USA) and Collibri ES (ThermoFisher Scienti�c, CA, USA) library preparation
kits, as per the manufacturer’s instructions. The libraries were assessed on D1000 HS screen tape on a
Tape Station 4200 (Agilent, CA, USA) to determine their size distribution and concentration. A 12 pM
library spiked with 10% Phix genome was then sequenced on the MiSeq benchtop sequencer (Illumina,
CA, USA) using 600 V3 paired end chemistry.

Genome assembly, global data acquisition and quality �ltering

Read demultiplexing was conducted onboard the MiSeq using the MiSeq reporter v2.6. The reads were
quality �ltered and assembled against SARS-CoV-2 Wuhan 1 as a reference (GenBank accession number:
NC_045512) using the ngs mapper v 1.5 pipeline (Tyghe et al., 2016) and CLC genomics workbench v 8.5
(Qiagen, MD, USA). A minimum Phred base quality score of 30 and minimum depth of coverage of 5 were
used to call the consensus sequence. The consensus sequences were further curated using Nextclade
Web v1.5.1 (Aksamentov et al., 2020).

To compare the genome sequences of the current study to global isolates, SARS-CoV-2 genomes were
sampled from the Global Initiative on Sharing All In�uenza Data (GISAID) sequence database (Shu &
McCauley, 2017). Only sequences �agged as “complete (>29,000 bp)”, “high coverage only”, and “low
coverage excl” were downloaded and included sequences as of May 22nd 2021.

Lineage and clade assignment

Lineage assignment was performed on each consensus sequence using PANGOLIN v3 (Phylogenetic
Assignment of named Global Outbreak LINeages) (Rambaut et al., 2020), which offers a hierarchical
dynamic nomenclature describing a lineage as a cluster of sequences observed in a geographically
distinct region with evidence of transmission in that region. Clades were assigned to each consensus
sequence using Nextclade Web v 1.5.1. The Nextstrain clade system (Had�eld et al., 2018) uses a year-
letter nomenclature on a clade exceeding 20% global representation and >2 positional differences from
its parent clade while considering clade persistence with time as well as the extent of its geographical
spread.

Phylogenetic analysis

Three phylogenies were constructed, one consisting of 113 context genomes sampled from around the
globe and 328 samples from this work. The other tree was constructed to focus on the alpha variant and
consisted of alpha variants from Kenya (n=151), the rest of Africa (n=872) and a sample of the earliest
reported alpha variants (n=44), mostly from England. The last tree was constructed with a focus on the
delta variant and consisted of delta variants from Kenya (n=33) and Africa (n=812) and a sample of the
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earliest reported delta variants mostly from India. All trees were reconstructed with augur and visualized
with auspice as implemented in the Nextstrain pipeline version 3.0.3 (Had�eld et al., 2018). Within
Nextstrain, a random subsampling method was used to cap the maximum number of contextual
sequences.

Data Availability

Assembled SARS-CoV-2 genomes in this study were uploaded to www.gisaid.org/ as FASTA �les (gisaid
epi isl numbers 2779282-2779550, 3031380-30314433)]

Results
Demographic data of subjects who contributed genome data are shown in Table 1. Of those with age
data, most samples came from age groups 21-30 years (n=125) and 31-50 (n=178). 94 people did not
indicate age. More sequences were from males (55.5%, n=268) than females (24.8%, n=120),
notwithstanding 95 individuals (19.7%) who did not indicate gender.

Table 1. Demographic data for subjects who contributed genome sequences used in this study.
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    n %

Age distribution <20 year 43 8.9

  21-30 yr 125 25.9

  31-50 yr 178 36.9

  51-60 yr 29 6.0

  >61 yr 14 2.9

  missing data 94 19.5

Median age 33

Sex Male 268 55.5

  Female 120 24.8

  ? 95 19.7

Nationality Kenyan 475 99.0

  Ugandan 6 1.2

  Congolese 2 0.4

Infection Wave Wave 1 120 24.8

  Wave 2 80 16.6

  Wave 3 283 58.6

 

Expansion and displacement of SARS-CoV-2 lineages and eventual dominance of VOCs

A total of 483 viral genomes collected from persons who tested positive for SARS-CoV-2 between March
2020 and June 2021 were used to monitor the prevalence and evolution of SARS-CoV-2 lineages across
the three COVID-19 waves (Figure 1). Each wave was preceded by low infection rates, probably as
variants competed through narrow transmission bottlenecks that selected the �ttest variants, some of
them to eventually become the dominant variants in succeeding waves (Lythgoe et al., 2021). Nine
Nextstrain clades were determined from the data, including 20I–Alpha V1 (34.2%), 20C (20.5%), 20A
(12.6%), 21A-Delta (12%), 20B (7%), 19B (4.8%), 21D-Eta (4.3%), 20H-Beta, V2 (2.5%) and 20D (0.4%).
1.7% of the genomes could not be reliably grouped.

Thirty-�ve distinct Pangolin lineages were identi�ed (Figure 1 and Supplementary Table 1), 15 of which
were linked to wave 1 (collected from May 2020 to mid-September 2020), 11 to wave 2 (collected from
late September 2020 to mid-January 2021), and 16 to wave 3 (collected between late January and June
2021).
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The 15 lineages collected prior to and during wave 1 were derived from 120/483 genomes. The single
most dominant lineage was B.1, which accounted for 55.8% of the genomes, followed by B.1.1 (22.5%)
and A.25 (6.7%). Other minor lineages included B.1.243 (2.5%), B.1.549, B.1.446, B.1.393 and C.11 at
1.7%, while A, B.1.1.33, B.1.166, B.1.36.10, B.1.397, B.1.511 and B.1.612 were at <1%. In the 11 lineages
identi�ed in wave 2 (80/483 genomes), all but B.1, B.1.549 and B.1.446 were new (i.e. not detected in the
�rst wave). B.1 remained as the dominant lineage (56.3%). B.1.549, which was a minor lineage during
wave 1, was now the second most dominant lineage at 12.5%, followed by B.1.530 (10.0%) and B.1.596.1
(6.3%). Other lineages included A.23.1 (3.8%), A.23, B.1.1.254 and B.1.446 at 2.5% and B.1.384, B.1.428,
N.8 at 1.3%. During wave 3, 16 lineages were observed from 283/483 genomes. During wave 3, three
VOCs (B.1.1.7, B.1.351 and B.1.167.2) and one VOI (B.1.525) emerged. Collectively, the VOC/VOI rapidly
expanded, replacing all Wave 2 lineages to account for 90.8% of all lineages in Wave 3. B.1.1.7 (alpha
variant) was observed at a frequency of 59.0%, B.1.167.2 (delta variant) at 20.1%, B.1.525 (Eta variant) at
7.4% and 4.2% for B.1.351 (beta variant). Other variants observed during this wave included A.23.1 (3.5%)
and B.1 (1.8%) and B.1.1.301, B.1.530, B.1.1, B.1.221, B.1.36.16, B.1.367, B.1.466, B.1.466.1, B.1.551 and
B.4.4 at <1%.

Figure 2 shows the relationships between Pangolin lineages across the three COVID-19 waves. While
each wave had characteristic lineages, some lineages were shared across the waves. In our dataset, B.1
was the only lineage present in all three waves. B.1.549 and B.1.446 were present in waves 1 and 2,
A.23.1 and B.1.530 were present in waves 2 and 3, and lineage B.1.1 was present in waves 1 and 3.

Time scaled phylogenetic tree of Kenyan samples

A time-scaled phylogenetic tree including 112 genomes sampled from around the globe and 323 from
this study is shown Figure 3. Kenyan samples branched into multiple lineages, suggesting multiple
seeding events, and formed monophyletic clusters with notable intercluster divergence, indicating local
transmission diversi�cation.

Emergence and dominance of alpha (B.1.1.7) and delta (B.1.167.2) VOCs

A time-scaled phylogeny involving 1,067 B.1.1.7 genomes rooted against the Wuhan/WHO1/2019
reference is shown in Figure 4. The tree includes alpha variants from Kenya (n=151) shown as red
circular branch tips; date range: 01 February 2021 to 20 May 2020, other parts of Africa (n=872); date
range: 25 November 2020 to 29 June 2021 and samples of the earliest reported alpha variants (n=44);
date range: 08 July 2020 to 30 November 2020, 88.6% of which were from England. Kenyan samples
branched from different parts of the tree, indicating multiple independent alpha variant seeding events.
No local transmission of the B.1.1.7 lineage was recorded prior to February 2021. The �rst recorded major
case involved samples brought into the laboratory in February 2021 from an outbreak cluster (n=61) that
occurred in Nanyuki, a small town in Laikipia County at the foothills of Mount Kenya. The suspected
source was British soldiers returning from the United Kingdom. All the associated samples were of the
B.1.1.7 lineage. The samples branched at three different locations on the tree (Figure 4, black arrows),
indicating that the outbreak had three likely sources, with the majority of the cases (n=23) coming from a
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single source. From our analysis, the earliest introduction of the alpha variant in Kenya outside the
Nanyuki outbreak was from two samples (MOHK-TMP-PMK-4273 and KDH-234) collected on 01 February
2021 and 05 February 2021, respectively, both from a common source (Figure 4, shown as encircled red
dots).

A time-scaled delta variant phylogenetic tree involving 893 B.1.617.2 genomes rooted with the
Wuhan/WHO1/2019 reference is shown in Figure 5. The tree included Kenyan samples (n=31 from the
current study and 2 from the coast deposited in GISAID; date range: 29 April 2021 to 02 June 2021), other
parts of Africa (n=812; date range: 10 March 2020 to 09 July 2021) and 46 samples of the earliest
reported delta variants (date range: 05 February 2021 and 31 March 2021), all traceable to India. In the
tree, Kenyan samples branched at six locations, indicative of multiple independent introduction events
(Figure 5). The earliest introductions were from four samples (Figure 5, red stars) from Nairobi collected
in late April 2021. The other two delta introduction events included two samples from Kisumu that
branched with a clade dominated by samples from Uganda and Rwanda (Figure 5, blue star) and a large
cluster dominated by samples from Kisumu (Figure 5, purple star).

Discussion
In this study, we performed genomic surveillance of COVID-19 in the periods preceding and during the
three waves that occurred in Kenya to understand the dynamics of SARS-CoV-2 lineages that were driving
the waves. We show that the waves were driven by characteristic lineages (Figures 1 and 2). Each wave
was preceded by low infection rates, probably as variants competed through narrow transmission
bottlenecks that selected the �ttest variants (Lythgoe et al., 2021), some of which eventually became the
dominant variants. As shown in Figure 3, Kenyan samples into multiple lineages, illustrating multiple
introduction events, and thereafter formed monophyletic clusters with notable intercluster divergence
indicating ongoing local transmission. VoCs did not emerge in Kenya until after February 2021.

The earliest SARS-CoV-2 samples sequenced at our laboratory were collected in May 2020. This was 2
months after the con�rmation of the �rst Kenyan case of COVID-19 on 13th March 2021 (Ministry of
Health, 2020). Based on the genome sequences, the early SARS-CoV-2 was seeded from the early
European lineages (B.1 and B.1.1), and the A.25 Ugandan lineage (Figure 1). The B.1 lineage dominated
and had a countrywide distribution, having been identi�ed in the counties of Kisumu, Kiambu, Busia,
Nairobi, Uasin Gishu, Bungoma, Baringo, Mombasa and Wajir (data not shown). By August 2020, the B.1
lineage was the third most prevalent lineage globally, with 82,672 sequences deposited in the GISAID
(n=82,672). This European lineage was �rst detected on 24 January 2020 and was most reported in North
America and Europe. Its origin roughly corresponds to the Northern Italian outbreak early in 2020 (O’Toole
et al., 2021). In our dataset (Figure 1, Figure 2 and Table S2), the B.1 lineage was maintained across the
three COVID-19 waves, and while it was the most dominant lineage during the �rst (55.8%) and second
(56.3%) waves, its dominance waned considerably by the third wave (1.8%). Other core lineages de�ning
wave 1 were B.1.1 (European lineage that emerged in early February 2020), which occurred at a frequency
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of 22.5%, and A.25 (Ugandan lineage), which occurred at a frequency of 6.7%. Within the A.25 lineage,
6/8 samples were collected from transborder truck drivers at Busia, a border town of Kenya and Uganda.

B.1.549, which was the �fth most prevalent lineage (1.7%) during wave 1, became the second most
prevalent lineage at wave 2, at 12.5% (Supplementary Table 1). This lineage is mostly associated with
Kenyan sequences and likely emerged from local transmission events. The majority of samples in our
dataset from this lineage were from the Kenyan coast. The lineage was, however, not detected in the third
wave, probably having been outcompeted to extinction by the more easily transmissible VOCs. The last
global report of the B.1.549 lineage in GISAID was on January 29th, 2021, Ohio, USA. Other local lineages
that were present during wave 2 included B.1.530 (10.1%), B.1.596.1 (6.3%), N.8 (1.3%), B.1.428, B1.384
and the Ugandan lineage A.23. It is interesting to note that during the �rst and second waves, the local
lineages persisted amidst the more dominant B.1 (Supplementary Table 1). The travel restrictions
instituted early in these outbreaks may have allowed maintenance of local transmission events in the
absence of external introductions.

The long interval between waves 2 and 3 allowed complacency in COVID-19 control practices, thus
allowing introduction and displacements of local lineages by the VOCs. The only local lineages that
survived passed wave 2, albeit at low frequencies, were B.1, B.1.1, B.530 and A.23.1 (Figure 2). The
dominance of the B.1 lineage in the previous 2 waves was replaced by the alpha variant (B.1.1.7 lineage)
that became the dominant lineage, accounting for 59.0% of all detected lineages in the early part of wave
3. Our earliest sample with the B.1.1.7 was on 1st February 2021 from two samples that came from Thika,
Kiambu County, Kenya. Later that week, we detected the VOC in an outbreak that occurred in Nanyuki,
Laikipia County and was linked to the British Army Training Unit in Kenya. Between December 2020 and
January 2021, the variant was rampant in the UK (NERVTAG, 2020). Phylogenetic analysis (Figure 4)
estimated this outbreak to be the �rst major introduction of the alpha variant into the country. The
outbreak seemed to have been well contained, as there were no indications (with our data and Kenyan
data deposited in GISAID) of out-branching from this outbreak cluster (Figure 4, black arrows). Other
alpha variant clusters appeared to have been introduced multiple times (Figure 4, red circular branch tips)
from independent sources. In less than 3 months after its detection, the alpha variant became the most
dominant lineage and was the major cause of COVID-19 infections during the early part of the third wave.
The alpha variant possesses several nonsynonymous mutations of immunological importance (Andrew
et al., 2020) that are thought to confer increased transmissibility (Volz et al., 2021).

The delta variant (B.1,167.2 lineage), originally identi�ed in India in October 2020, (Cherian et al., 2021;
Edara et al., 2021), was �rst identi�ed in Kisumu, the third largest city on the shores of Lake Victoria and
was linked to travelers returning from India (Wasike, 2021). By the end of May 2021, delta had become
the dominant variant in Western Kenya (David, 2021). Driven by its high transmissibility, estimated to be
60% more than the alpha variant (Planas et al., 2021), the variant soon extended its grip to the rest of the
country. By August 2021, Kenya entered the 4th wave that was fueled by the delta variant. Our
phylogenetic analysis corroborates initial reports (Wasike, 2021) that the delta variant was introduced in
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Kenya through Kisumu. As shown in Figure 5, there is a large outbreak cluster dominated by samples
from Kisumu (Figure 5, purple star) that branched with an Indian sample at the base of the clade.

In January 2021, the �rst introduction of the beta variant (B.1.351 lineage) in Kenya was reported in Kili�
County (KEMRI, 2021). Though not as highly transmissible as the alpha and delta variants, it has immune
escape mutations (Harvey et al., 2021; Wibmer et al., 2021), which could potentially compromise COVID-
19 vaccines. Similar to the other two VOCs, this lineage emerged during the third wave, and in our dataset,
it was the fourth most dominant lineage at 4.2% (Supplementary Table 1). Of all the beta variants
deposited in GISAID from Kenya (n=184: Date accessed 5 August 2021), 84.2% of the B.1.351 lineages
were from coastal Kenya, including Kili� County, Kwale and Mombasa County. The overrepresentation of
the B.1.351 lineage on the Kenyan Coast points to its possible introduction through the southern border
with Tanzania and to the two tourists from South Africa.

In addition to the three VOCs, wave 3 had two VOIs. The B.1.525 lineage (Eta variant), which has E484K,
Q677H, F888L and a deletion suite similar to B.1.1.7 (O’Toole et al., 2021), was the third most prevalent at
7.4%. This variant had a countrywide distribution, including Western Kenya (Busia, Kisumu, Migori and
Nyamira Counties), Coastal Kenya (Mombasa and Kwale), Rift Valley (Nandi, Uasin Gishu Counties),
Northern Kenya (Garissa) and Eastern Kenya (Maukeni) and Nairobi County (data not shown). The other
VOI was the A.23.1 lineage, an international lineage with variants of potential biological concern (O’Toole
et al., 2021). This variant contains a constellation of mutations, including E484K, that could reduce
COVID-19 vaccine effectiveness (Bugembe et al., 2020, 2021). The variant was dominant in the period
between September and November 2020 in Uganda (Bugembe et al., 2020). Most of the samples with this
lineage came from Busia, a major border town of Kenya and Uganda. It is likely that the lineage was
seeded into Kenya from Uganda during cross-border trade and movement of people.

Conclusion
Three COVID-19 waves occurred in Kenya, and by the time of pressing, a 4th wave had emerged. The
waves were fueled by different core sets of lineages. Wave one was seeded by imported lineages, mainly
of European origin. The second wave had a mix of European and local lineages, the latter arising from
local transmission and diversi�cation. The third wave was dominated by imported VOCs that totally
displaced lineages identi�ed in waves 1 and 2. Going forward, genomic surveillance will play a critical
role in generating SARS-CoV-2 lineage intelligence and especially cataloguing those associated with
disease severity and vaccine breakthrough events.
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Figure 1

SARS-CoV-2 lineages circulating across the three COVID-19 waves in Kenya. Pango lineages detected
during wave 1, wave 2 and wave 3.
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Figure 2

Venn plot showing unique and shared lineages across the three COVID-19 waves.
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Figure 3

Time-scaled phylogenetic tree of Kenyan samples against global isolates. The tree was constructed with
112 genomes sampled from GISAID and 323 genomes from this study. Thin lines represent context
global samples, while thick lines represent Kenyan samples. The different colors on circular tips of
branches represent the Pango lineages.
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Figure 4

Phylogenetic tree of the B.1.1.7 lineage from our samples and those from across Africa. The tree was
constructed with 1,068 genomes, including those from Kenya (n=151), those from Africa (n=872), and
early B.1.1.7 lineages (n=44), and rooted with the Wuhan/WHO1/2019 reference. Kenyan samples are
shown in red circular branch tips. Kenyan samples branched from different parts of the tree, indicating
multiple independent alpha variant seeding events. Black arrows show samples from one of the �rst
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major introductions of the B.1.1.7 lineage in Kenya following an outbreak in Nanyuki, Kenya. Samples in
encircled red dots show earlier introduction (01 February 2021 and 05 February 2021) of the alpha variant
outside the Nanyuki outbreak, both from a common source.

Figure 5

Phylogenetic tree of the B.1.617.2 lineage from our study samples and those from across Africa. The tree
was constructed with 893 genomes, including those from Kenya (n=33), those from other parts of Africa
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(n=812) and early B.1.617.2 lineages (n=46) traceable to India. Kenyan samples are shown as circular red
branch tips. The red stars show the earliest delta variant introduction in late April 2021 from Nairobi
samples, while samples from Kisumu (the county that had the �rst major delta variant outbreak) are
contained in clades represented by blue and purple stars.
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