viruses

Communication

A Repeat Pattern of Founder Events for SARS-CoV-2 Variants

in Alaska

Tracie J. Haan 1, Lisa K. Smith 2, Stephanie DeRonde 2, Elva House 2, Jacob Zidek 2, Diana Puhak 2, Logan Mullen ?,
Matthew Redlinger 3, Jayme Parker ?, Brian M. Barnes !, Jason L. Burkhead 3{7, Cindy Knall 4, Eric Bortz 34*

Jack Chen 1.2/5*

check for
updates

Citation: Haan, T.J.; Smith, L.K;
DeRonde, S.; House, E.; Zidek, J.;
Puhak, D.; Mullen, L.; Redlinger, M.;
Parker, J.; Barnes, BM,; et al. A
Repeat Pattern of Founder Events for
SARS-CoV-2 Variants in Alaska.
Viruses 2023, 15, 222. https://
doi.org/10.3390/v15010222

Academic Editors: Marta Giovanetti

and Luiz Carlos Junior Alcantara

Received: 2 December 2022
Revised: 9 January 2023
Accepted: 11 January 2023
Published: 13 January 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Devin M. Drown

1,5,%

Institute of Arctic Biology, University of Alaska Fairbanks, Fairbanks, AK 99775, USA

Alaska Division of Public Health, State of Alaska, Fairbanks, AK 99775, USA

Department of Biological Sciences, University of Alaska Anchorage, Anchorage, AK 99508, USA
WWAMI School of Medical Education, University of Alaska Anchorage, Anchorage, AK 99508, USA
Department of Biology and Wildlife, University of Alaska Fairbanks, Fairbanks, AK 99775, USA

*  Correspondence: ebortz@alaska.edu (E.B.); jchen15@alaska.edu (J.C.); dmdrown@alaska.edu (D.M.D.)

UoR W N =

Abstract: Alaska is a unique US state because of its large size, geographically disparate population
density, and physical distance from the contiguous United States. Here, we describe a pattern of
SARS-CoV-2 variant emergence across Alaska reflective of these differences. Using genomic data, we
found that in Alaska, the Omicron sublineage BA.2.3 overtook BA.1.1 by the week of 27 February
2022, reaching 48.5% of sequenced cases. On the contrary, in the contiguous United States, BA.1.1
dominated cases for longer, eventually being displaced by BA.2 sublineages other than BA.2.3. BA.2.3
only reached a prevalence of 10.9% in the contiguous United States. Using phylogenetics, we found
evidence of potential origins of the two major clades of BA.2.3 in Alaska and with logistic regression
estimated how it emerged and spread throughout the state. The combined evidence is suggestive of
founder events in Alaska and is reflective of how Alaska’s unique dynamics influence the emergence
of SARS-CoV-2 variants.

Keywords: SARS-CoV-2; COVID-19; genomic epidemiology; variant; Variant of Concern (VOC)

1. Introduction

Throughout the COVID-19 pandemic, variants of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) have repeatedly emerged and spread, often circulating globally
over a relatively short timeframe [1]. These variants frequently underwent mutations affect-
ing viral phenotypes, such as increased transmissibility or immune escape, which contributed
to epidemic waves of cases and hospitalizations occurring asynchronously across different
regions at varying severities [2]. The sequential wave dynamics of COVID-19 have likely
been influenced by a multitude of epidemiological factors, such as host immunity and vacci-
nation coverage, social measures aimed at suppressing spread, and the viral characteristics,
including transmissibility and the moderately higher mutation rate for an RNA virus [3-5].

For many regions of the world, the first notable COVID-19 epidemic wave attributed
to a variant occurred near the end of 2020 into early 2021. During this wave, the Alpha
variant (lineage B.1.1.7; [6]), which showed evidence of increased transmissibility, became
the most prevalent variant for most places globally [7]. Unlike other regions, including
within the contiguous 48 states of the United States (hereafter referred to as contiguous
United States), Alaska’s dominant lineage was B.1.1.519 throughout early 2021, which was
similar to Mexico in late 2020 [8,9]. The timeline in which Alpha and B.1.1.519 emerged
in Alaska paired with the striking difference in prevalence between Alaska, which had a
peak B.1.1.519 prevalence of 77.9%, and the contiguous United States, which had a peak
prevalence of 4.9%, was indicative of a B.1.1.519 founder event in Alaska [8]. Since this
initial deviation from the contiguous United States, Alaska has displayed similar patterns
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of variant emergence and spread both with the sweep by the Delta variant in early August
2021 followed by the sweep by Omicron variants beginning in December 2021 [10].

Although the recent emergence of Omicron in Alaska was initially similar to that of the
contiguous United States, the emergence of sublineages within larger variant classifications
has been distinct. These Omicron sublineages have shown a great degree of divergence
that has led to concerns about antibody evasion and the possibility of repeat infections by
Omicron sublineages [11]. Mutations include a spike protein (S) R346K alteration in BA.1.1
(also known as B.1.1.529.1.1) and 8 unique S mutations in BA.2, which lacks 13 S alterations
found in BA.1. The Omicron sublineage reported in this study, BA.2.3, encodes several
amino acid changes including A2909V in ORFla and L140F in ORF3a compared to BA.2.
These two changes may have provided growth advantages such as antibody evasion and
increased reproductive rate that initially allowed Omicron lineages to displace Delta [12].

Here, we use genomic data readily available via the Global Initiative on Sharing All
Influenza Data (GISAID) to describe the pattern of emergence and spread of the Omicron
sublineage BA.2.3 (also known as B.1.1.529.2.3) in Alaska. We contrast this pattern with ob-
servations in the contiguous United States and several major US states including California,
New York, and Washington. Using data generated through genomic surveillance efforts,
we explore the pattern in Omicron sublineages of Alaska similar to that of the founder
event that occurred with B.1.1.519 in early 2021 [8]. These repetitive patterns of variant
emergence are suggestive of repeat founder events in Alaska.

2. Materials and Methods
2.1. Retrieving and Analyzing SARS-CoV-2 Sequence Data for Alaska

On 3 May 2022, we downloaded 11,971 sequences from Alaskan samples available
on GISAID for subsequent analysis [13-15]. This readily available genomic data was in
part generated by the Alaska SARS-CoV-2 Sequencing Consortium. The Consortium is a
partnership between the University of Alaska and the Alaska Division of Public Health
(AKDPH) with the aim to increase genomic surveillance of SARS-CoV-2 variants. Genome
sequencing in Alaska is from a non-targeted sample of cases, which is the best available
approximation of random samples despite potential disparate coverage across Alaska’s
economic regions (Figure 1). To standardize for sequence quality and remove low coverage
sequences which might impact PANGO lineage determination, we removed sequences with
more than 5% N (a cutoff also suggested by GISAID), We subseted these data to the study
date of 28 November 2021 through 2 April 2022 for a total of 3119 genomes to estimate the
prevalence of lineages per week on dates beginning on Sunday of each week.

Lineages were determined by running sequences through PANGO v1.8, Pangolin
v4.0.6, and pangoLEARN v1.2.133, and Scorpio v0.3.17 [16]. We estimated the prevalence
of genomes in Alaska from the date of Omicron’s (B.1.1.529) first detection in Alaska on
28 November 2021 through 2 April 2022. All AY sublineages were aggregated into the
group B.1.617.2 (Delta). All BA sublineages of Omicron except BA.1.1, BA.2, BA.2.3, and
their sublineages were aggregated into B.1.1.529 (Omicron). Genomes that did not fall into
these lineages were grouped together into the category ‘Not Emerging Lineage’.



Viruses 2023, 15, 222

30f12

Economic Regions

B Anchorage/Mat-Su

Gulf Coast

Interior

. Northern

Southeast

Southwest

0 200

400mi

ALASKA

Figure 1. Map of Alaska with economic regions designated by Alaska Department of Labor and
Workforce Development. Anchorage is found in the Anchorage/Mat-Su region. Fairbanks is found
in the Interior region.

2.2. SARS-CoV-2 Sequence Data for the Contiguous United States

On 12 April 2022, we downloaded metadata, including lineage assignment using
the same version of Pangolin (v4.0.6), and facilitated comparison with the Alaska dataset
for all sequences available on GISAID and filtered for sequences from the United States
of America (USA) collected between 28 November 2021 to 12 April 2022. We removed
cases from Alaska, Hawaii, and US territories to focus our comparisons to the contiguous
United States. Like Alaska, these isolated locations may have different dynamics. As before,
to standardize for sequence quality and remove low coverage sequences, we removed
sequences with more than 5% N. We also analyzed data at a state level for New York,
California, and Washington. GISAID metadata was used to calculate the prevalence of
variants, which was an approximation based on percent of sequenced cases each day.

2.3. Visualizations, Statistical Analyses, and Nextstrain Build

We generated visualizations in RStudio (v 1.4.1106) using packages ggplot2 (v 3.3.5),
ggpubr (v 0.4.0), tidyverse (v 1.3.1), and lubridate (v 1.7.10). A generalized linear model
using the logit link function with the base R stats (v 3.6.2) glm tool was used to generate
estimates of prevalence of BA.2.3 over time for Alaska and two economic regions; the
Anchorage-Mat Su and Gulf Coast. For these models, the daily percent of sequenced cases
assigned to BA.2.3 (i.e., daily prevalence of BA.2.3) was used as the dependent variable
with time from 1 January 2022 through 2 April 2022 used as the independent variable.
Regressions were plotted using geom_smooth in ggplot2. We generated a Nextstrain (cli
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v-3.2.4) build, which generates a maximum likelihood reconstruction [17], to examine the
phylogenetic relationship of BA.2.3 in Alaska compared to global sequences. We generated
this tree using GISAID’s Global Nextregions for context, all BA.2.3 cases from Alaska, and
global cases of BA.2.3 from 2 December 2021 through 6 February 2022 that included all cases
from before 1 January 2022 and then down sampled to a fifth of the sequences randomly
after that date. We colored tree tips by countries of significance including the Philippines,
South Africa, Japan, India, and the USA split by ‘USA-Alaska’ and ‘USA-Other’ (all states).
Other country’s cases were masked from the tree visualization.

3. Results and Discussion
3.1. Higher Prevalence of Omicron Lineage BA.2.3 in Alaska vs. the Contiguous United States

To examine how the emergence of BA.2.3 differs between Alaska and the contiguous
United States, we determined the date of first detection and prevalence of BA.2.3 over time
in both locations. The Alaska sample includes an average of 173 genomes per week (range
75-268). The first Alaska case assigned to Omicron was detected in the Anchorage-Mat Su
region, the most populated region of Alaska, on 28 November 2021. Within four weeks
of first detection (by the week of 19 December 2021), Omicron had outcompeted Delta in
terms of prevalence both in Alaska and the contiguous United States (Figure 2). By the
week of 16 January 2022, Delta was detected in less than 1% of sequenced cases for both
Alaska and the contiguous United States. Based on SARS-CoV-2 sequences and PANGO
lineage assignments, Omicron cases during this week were dominated by the sublineage
BA.1.1 in both Alaska, at 66.3% prevalence, and the contiguous United States, at 67.2%
prevalence (Figure 2). While BA.1.1 was dominant the week of 16 January 2022 in both
locations, BA.2 and sublineages were just starting to be detected in the United States. By
the week of 16 January 2022, in the contiguous United States BA.2 comprised only 0.2%
of sequenced cases whereas in Alaska no cases of BA.2 had been detected. However, the
sublineage BA.2.3 was found in 2.7% of sequenced cases in Alaska by this week whereas
in the contiguous United States BA.2.3 represented only 0.1% of cases. By 27 February
2022, BA.2.3 comprised the majority of cases in Alaska (45.3%) compared to 6.1% in the
contiguous United States. At the same time, BA.2 comprised 9.4% of contiguous United
States cases and only 2.5% of Alaska’s cases. Although by March, BA.2.3 started increasing
in prevalence in the contiguous United States, BA.2 appeared to have already displaced
BA.1.1, the previously dominant lineage. By the last week of March 2022, BA.2.3 comprised
74.3% of cases in Alaska and 19.2% of cases in the contiguous United States. These stark
differences in prevalence over time reflect the divergent patterns of emergence of BA.2.3 in
Alaska versus the contiguous United States.

Given that the contiguous United States is an aggregate of many distinct, yet con-
nected, communities, we examined the prevalence of sublineages at a finer geographic
scale. This finer scale was at a state level for several populous US states including Cali-
fornia, Washington, and New York. Each of these states reflected a similar pattern in BA
sublineages as the overall contiguous United States with a low prevalence of BA.2.3 com-
pared to Alaska over the study time period. The week of 13 February 2022, BA.2.3 already
comprised 25.3% of sequenced cases in Alaska and only 1.8% in the contiguous United
States, 1.8% in New York, 2.2% in California, and 2.4% in Washington (Figure 3). The week
of 13 March 2022 when BA.2.3 comprised a majority of the cases sequenced in Alaska at
67.9% whereas the other states had much lower and variable prevalence in the contiguous
United States (10.9%), New York (5.5%), California (16.2%), and in Washington (17.6%)
(Figure 3). Although outside of our main data set, it should be noted that Hawaii had a
high prevalence of BA.2.3 during this period, peaking at 30.7% (https://outbreak.info/,
accessed on 29 December 2022, [1]). By the last week of March, the only other state in the
contiguous United States with a BA.2.3 prevalence greater than 40% was California.
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Figure 2. The percent of sequences by week (estimated prevalence) colored by SARS-CoV-2 lineages
detected from 28 November 2021 to 2 April 2022 in (A) Alaska and (B) the contiguous United States.
BA lineages of Omicron except BA.1.1, BA.2, and BA.2.3 are aggregated into B.1.1.529. BA.2 includes
all sublineages of BA.2 detected except BA.2.3.
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Figure 3. The percent of sequences by week (estimated prevalence) belonging to BA.2.3 colored by
states including Alaska, California, New York, and Washington detected from 28 November 2021 to
3 April 2022.

Although selective advantages, such as transmission potential, posed by SARS-CoV-2
variants have played a key role in their emergence over the course of the pandemic, changes
in variant prevalence can also be attributed to founder effects [18]. In the context of SARS-
CoV-2, and other viral pathogens, founder effects result from a chance colonization event
allowing a new population of viral lineages to emerge. When a chance colonization event
occurs, the growth of a new population of viral lineages can result in one lineage having
a growth advantage over others as it reaches susceptible hosts in a new epidemiological
context. Previous simulation analyses distinguish this founding event from sampling differ-
ences in variant frequencies or detection biases [19,20]. The rapid growth and dominance
of the frequency of BA.2.3 among all lineages in Alaska was distinct from the contiguous
United States. Broadly defined, this difference in emergence pattern highlights a potential
founder effect in which BA.2.3 acted as a founding sublineage in Alaska. It may have
become dominant here and not in other locations because of the timing of emergence
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and social factors that rendered Alaska communities as a naive population susceptible to
infection by BA.2.3.

The composition of SARS-CoV-2 lineages within Alaska and the contiguous United
States, each containing distinct sets of mutations that define them, were distinct at the time
of BA.2.3’s emergence in Alaska. The main difference in community composition was the
presence of other BA .2 lineages in the contiguous United States and their absence in Alaska
(Figure 2). The absence of other BA.2 lineages in Alaska could have allowed for the founding
of BA.2.3 in the population, similar to how other lineages with specific mutations emerged
and became dominant in other locations throughout the pandemic [21,22]. For example, in
the summer of 2020, the 20E lineage of SARS-CoV-2, which had no evidence of increased
transmissibility, became the dominant lineage in Europe, likely driven by its founder event
in the population paired with the increased connectivity across Europe from travel over
the summer months [21]. It was also suggested the emergence of variant of concern (VOC)
Alpha (B.1.1.7) and the associated mutations, like D614G, in part could have been driven
by the founder effect [22,23]. This was suggested because of the inconclusive results over
the positive selection of those mutations and coinciding timing with the nexus of dispersal
from Asia to Europe associated with the D614G mutation [24]. Given the emergence of
other lineages in the contiguous United States even though BA.2.3 was detected around
the same time for many locations, Alaska’s emergence of BA.2.3, and B.1.1.519 earlier in
the pandemic, implicates repeat occurrences of variant emergence influenced by founder
effects [8].

3.2. Modeling Shows Variable Emergence of BA.2.3 across Alaska

Spatiotemporal variation in the emergence and spread of SARS-CoV-2lineages has
been observed at broad geographic levels. The CDC has reported on these regional varia-
tions by dividing the United States into ten regions that show distinct communities based
on genomic surveillance [25]. Here, using genomic surveillance data from Alaska, we
found within-state variation in the emergence of BA.2.3 between major economic regions
of Alaska (Figure 3). In Alaska there are six economic regions defined by the Department of
Labor and Workforce Development [26]: Anchorage-Mat Su, Interior, Gulf Coast, Southeast,
Southwest, and Northern regions in order from highest to lowest population (Figure 1).
BA.2.3 was first detected from two cases collected on 11 January 2022 in the Gulf Coast
and the Anchorage-Mat Su regions of Alaska. The Gulf Coast is the third most populous
region of Alaska and just south of the most populated region, the Anchorage-Mat Su. While
many economic regions across Alaska are only connected by air or boat transportation,
the Gulf Coast and Anchorage-Mat Su regions are broadly connected via Alaska’s road
system. When examining a model estimate of BA.2.3 prevalence over time, we estimated
that the Gulf Coast region had the earliest emergence. For the state as a whole, preva-
lence was estimated to be at greater than 5% the week of 19 January 2022 (Figure 4A), the
Anchorage-Mat Su did not reach 5% until 25 January 2022 (Figure 4B), and the Gulf Coast
was estimated to reach greater than 5% prevalence on 3 January 2022, which was before
BA.2.3 was even detected (Figure 4C). Having the model indicate 5% prevalence before
first detection suggests BA.2.3 could have been present in the Gulf Coast region of Alaska
before sequencing captured a case of BA.2.3; however, model uncertainty, indicated by the
shading, is also consistent with BA.2.3 being absent until the first actual case was detected.
In the Gulf Coast, BA.2.3 was estimated to comprise the majority of cases by 16 February
2022, whereas for the state as a whole this did not occur until weeks later, 7 March 2022
and for the Anchorage-Mat Su region this did not occur until 11 March 2022.
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Figure 4. Logistic regression (line = regression; shaded region = standard error) estimating the
prevalence of BA.2.3 over time in (A) Alaska and the two economic regions of Alaska with a deep
enough coverage of cases including (B) the Anchorage-Mat Su and (C) Gulf Coast. Points represent
the daily percent of cases assigned to BA.2.3 used to calculate the regression. The red arrow highlights
when the regression estimated BA.2.3 was at greater than 5% prevalence.

3.3. Phylogenetics of BA.2.3 Provides Evidence of Multiple Introduction Events

Based on global sequence data of BA.2.3 available on GISAID, we found that within
Alaska there are two clades of BA.2.3 comprising the majority of Alaska’s cases. These two
clades both appear to have emerged from related cases originally detected in the Philip-
pines, where BA.2.3 was first detected on 2 December 2021 (Figure 5). When considering
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sequenced cases by economic region of Alaska, there is insufficient evidence to conclude
that the two clades were introduced to each economic region independently given the
interspersed nature of the cases (Figure 6). The evidence is consistent with mixing of cases
between the two regions. In other regions of the United States, BA.2.3 cases appear to have
emerged from both the Philippines and a clade where South Africa and India cases appear
to be dominant early in the tree. (Figure 5). By scaling the branch length by divergence,
or number of mutations, we show how the majority of Alaska cases diverged the clades
first identified in the Philippines accumulating mutations with further spread in Alaska
(Figure 5). However, tracing the transmission is made difficult by unequal sequencing data
across regions. It should be noted that countries and territories close to the Philippines
also exhibited a high prevalence of this lineage prior to Alaska, including Brunei, Papua
New Guinea, Guam, and the Northern Mariana Islands. There are alternative transmission
pathways possible for this lineage.

|

65 70 75 80
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Figure 5. Phylogenetic tree of BA.2.3 cases with branch lengths represented by divergence of cases
(number of mutations from Wuhan-Hu-1). Each point is a genome colored by country. Only countries
that provide context for Alaska clades and clade origins are included in the visualization.
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cases after December 2021 through the first week of February 2022 for context. Only cases from
Alaska are shown and are colored by economic region. Cases where the economic region is unknown
are colored gray.

4. Conclusions

Using genomic data available in the GISAID repository, we demonstrated the unique
emergence and spread patterns of the SARS-CoV-2 sublineage of Omicron BA.2.3 in Alaska
compared to the contiguous United States. Looking at a finer scale with several major US
states, the same stark difference in prevalence of BA.2.3 was observed further highlighting
the unique occurrence of BA.2.3 in Alaska. Our phylogenetic analysis paired with logistic
regression revealed the potential ancestral origins of BA.2.3 cases in Alaska and how these
clades within BA.2.3 emerged and spread by economic region of the state. The repetitive
patterns of variant emergence with B.1.1.519 followed by BA.2.3 in Alaska are suggestive
of repeat founder events which are reflective of how Alaska’s unique location influences
the emergence of distinct SARS-CoV-2 variants. While the clinical characteristics of BA.2.3
cases were not available for analysis, it should be emphasized that isolated populations
are potentially vulnerable to such founder variants that could pose a significant public
health threat when they rise to dominance. SARS-CoV-2 continues to evolve rapidly and
since the Spring of 2022, additional sublineages of Omicron, notably BA.5, increased in
abundance across the United States during the Summer of 2022. At the time of writing,
BA.5 has since been declining in abundance while BQ.1 and BQ.1.1 are increasing. In
December 2022, sequenced cases in Alaska were made up of 27.3% BA.5, 18.2% BQ.1,
and 9.1% BQ.1.1 (https:/ /akvariants.github.io/, accessed on 9 January 2023). The CDC’s
COVID Data Tracker’s Nowcast projections (https:/ /covid.cdc.gov/covid-data-tracker/
#variant-proportions accessed on 9 January 2023) indicate that another variant, XBB.1.5, is
on the rise and projected to make up 27.6% (95% PI 14.0-46.5) with major differences in
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the regional proportions. Documenting SARS-CoV-2 variant emergence will help unravel
geographic patterns such as the founder event documented in this research. Our group
continues to document the variant patterns in Alaska via the AK Variants dashboard.
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