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ABSTRACT

Background: The first confirmed case of SARS-CoV-2 in North America was identified in Washington state
on January 21, 2020. We aimed to quantify the number and temporal trends of out-of-state introductions
of SARS-CoV-2 into Washington.
Methods: We conducted a molecular epidemiologic analysis of 11,422 publicly available whole genome
SARS-CoV-2 sequences from GISAID sampled between December 2019 and September 2020. We used
maximum parsimony ancestral state reconstruction methods on time-calibrated phylogenies to enumer-
ate introductions/exports, their likely geographic source (US, non-US, and between eastern and west-
ern Washington), and estimated date of introduction. To incorporate phylogenetic uncertainty into our
estimates, we conducted 5,000 replicate analyses by generating 25 random time-stratified samples of
non-Washington reference sequences, 20 random polytomy resolutions, and 10 random resolutions of the
reconstructed ancestral state.
Findings: We estimated a minimum 287 introductions (range 244-320) into Washington and 204 ex-
ported lineages (range 188-227) of SARS-CoV-2 out of Washington. Introductions began in mid-January
and peaked on March 29, 2020. Lineages with the Spike D614G variant accounted for the majority (88%)
of introductions. Overall, 61% (range 55-65%) of introductions into Washington likely originated from a
source elsewhere within the US, while the remaining 39% (range 35-45%) likely originated from outside
of the US. Intra-state transmission accounted for 65% and 28% of introductions into eastern and western
Washington, respectively.
Interpretation: The SARS-CoV-2 epidemic in Washington was continually seeded by a large number of
introductions. Our findings highlight the importance of genomic surveillance to monitor for emerging
variants due to high levels of inter- and intra-state transmission of SARS-CoV-2.
Funding Source: None.
© 2021 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Research in context

Evidence before this study

We searched PubMed and preprint servers (MedRxiv and
BioRxiv) from December 25, 2019 January 31, 2021, for stud-
ies examining the introduction and origins of regional severe
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demics, using keywords including “SARS-CoV-2", “introduc-
tion”, “origins”, and “emergence”. We found numerous stud-
ies that examined the zoonotic origins of SARS-CoV-2, and
those that describe the origins of SARS-CoV-2 epidemics in
various geographies, including Northern California, New York,
Boston, Japan, Italy, Greece, Germany, France, Europe, and
India. All of these studies employ phylogenetic analysis of
SARS-CoV-2 whole genomes. Only two studies have quanti-
fied the number of discrete introductions or identified their
likely geographic source, namely in the United Kingdom and
Switzerland. There also has been significant attention to the
origins of SARS-CoV-2 in Washington state (WA), which was
the location of the first confirmed SARS-CoV-2 case in North
American. When, in late February a second case was iden-
tified in WA, preliminary genomic epidemiological analyses
suggested that the second case belonged to the same trans-
mission chain as the first and represented substantial cryp-
tic transmission; although subsequent analyses showed that
this second case was likely due to a separate introduction.
Phylodynamic modelling also suggested that during the first
epidemic wave, 3-10% of SARS-CoV-2 cases in WA were at-
tributable to an introduction.

Added value of this study

We present, to our knowledge, the first quantification of
the number of distinct introductions and exports of SARS-
CoV-2 within WA and their likely geographic source. We con-
ducted phylogenetic analysis of publicly available SARS-CoV-
2 genomes (N=11,422). We estimated there was continuous
and substantial introduction of SARS-CoV-2 into WA through
September 2020, the majority of which originated from else-
where within the US. We also evaluated potential trends in
the size of downstream WA subclades after introduction, and
variation in subclade duration and size.

Implications of all the available evidence

Our findings highlight the importance of genomic surveil-
lance to monitor for emerging variants in WA and elsewhere
in the US. Monitoring inter- and intra-state transmissions and
their origins can be used to determine where public health
interventions may be most effective. In addition, because the
estimated number of both introductions and exports both
decreased soon after WA’s “Stay Home, Stay Healthy” order,
lockdowns may be effective at immediately reducing inter-
state and intra-state transmission of SARS-CoV-2.

1. Introduction

The SARS-CoV-2 pandemic likely first emerged in China in late
2019, and by January 2021 there have been over 100 million con-
firmed cases and over two million deaths due to COVID-19 world-
wide [1]. The first confirmed SARS-CoV-2 infection in North Amer-
ica was identified in Washington State (WA), in January 2020. In
February a second case was identified in WA [2], and prelimi-
nary genomic epidemiological analyses reported that this case be-
longed to the same transmission chain as the first case and sug-
gested substantial cryptic transmission [3]. While subsequent anal-
yses showed that this second case was likely due to a separate in-
troduction [4], the initial report spurred a rapid public health re-
sponse that eventually included school closures and a general lock-
down (“stay at home” measures) [5].

As of January 2021, there have been over 300,000 confirmed
cases in WA and over 4,500 deaths due to COVID-19. Within WA
the epidemic impact is geographically, demographically, and tem-
porally heterogeneous; there has been substantial variation among
counties and ZIP codes in confirmed case counts over time. In
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particular, eastern and western WA, which are separated by the
Cascade mountain range, experienced distinct outbreaks over the
spring and summer of 2020 (Figure 1A) and a large proportion
of overall confirmed SARS-CoV-2 cases were reported in King and
Yakima counties (Figure 1B). As in other locations in the United
States (US) and globally, this temporal heterogeneity is likely par-
tially explained by variation in the efficacy of non-pharmaceutical
interventions and public health measures such as lockdowns and
mask mandates. WA’s “Stay-Home Stay-Healthy” order began on
March 23 and required all WA residents to stay home except
for essential activities, closed non-essential businesses, and banned
gatherings. On May 1, WA announced a plan for reopening in 4
phases, although the majority of WA counties did not progress be-
yond phase 2 over the summer and fall of 2020 due to high SARS-
CoV-2 case counts across the state. A state-wide mask mandate
was issued on June 28. Domestic travel into and out of WA state
was not restricted prior to November 2020, and international travel
was restricted in accordance with federal travel bans imposed on
travellers from China, South Korea, Iran, the UK. and European
counties beginning in mid-March.

The SARS-CoV-2 pandemic has resulted in an unprecedented
global scientific response, including the rapid sequencing and shar-
ing of SARS-CoV-2 genomes; by October 2020, >120,000 SARS-
CoV-2 genomes had been shared online. The analysis of this open
data has provided many insights into the zoonotic origin and pat-
terns of global spread of SARS-CoV-2, the development of vaccine
candidates, and the surveillance and identification of novel genetic
variants of potential public health interest [4,6-10]. The present
analysis aimed to combine publicly shared genomic data with lim-
ited linked clinical data in order to understand the role of intro-
ductions of SARS-CoV-2 during the initial outbreak and through
the summer of 2020. Using phylogeographic methods, we aimed
to quantify the number, timing, and likely geographic source of
out-of-state introductions of SARS-CoV-2 and describe intra-state
transmission patterns between eastern and western WA.

2. Methods
Data source

We used full genome SARS-CoV-2 nucleotide sequences ob-
tained from the Global Initiative on Sharing Avian Influenza
Data (GISAID, gisaid.org), collected between December 2019 and
September 2020. The accession codes for the sequences used in
this study are provided in the Digital Supplement. We gratefully
acknowledge the originating laboratories responsible for obtaining
the specimens and the submitting laboratories where genetic se-
quence data were generated and shared via the GISAID Initiative,
on which this research is based. Most SARS-CoV-2 sequences avail-
able from GISAID are linked to geographic data, including the re-
gion, country, and state from which the sequence was sampled.
Among sequences sampled in WA over this timeframe and avail-
able from GISAID, data on the county of sampling was available for
only 53% of sequences. To address this missing data, we obtained
additional information on the county from which each sample was
obtained from the University of Washington’s Virology Lab, which
has performed the majority of SARS-CoV-2 full genome sequencing
in WA state. Lastly, we used publicly available data on the weekly
count of confirmed SARS-CoV-2 cases by county available through
the WA Department of Health and estimates of daily SARS-CoV-2
incidence for WA from the Institute for Disease Modeling [11,12].
Confirmed cases of SARS-CoV-2 were defined as the detection of
SARS-CoV-2 RNA in a clinical specimen using a molecular amplifi-
cation detection test by the WA Department of Health.
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A. Distribution of confirmed SARS-CoV-2 cases in WA by region
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Figure 1. Geographic variation in confirmed SARS-CoV-2 cases, genome sequences, and sampling coverage in WA

Sequence analyses

Prior to phylogenetic analyses, we identified and excluded
SARS-CoV-2 genome sequences without a complete sampling date,
that were incomplete (length <29kbp), or that were low qual-
ity (=500 Ns). We aligned sequences with MAFFT and identi-
fied SARS-CoV-2 lineages using the PANGOLIN (Phylogenetic As-
signment of Named Global Outbreak LINeages, github.com/cov-
lineages/pangolin) tool [13,14].

Our analysis pipeline aimed to accommodate issues with SARS-
CoV-2 genetic diversity (relative to the timeframes of transmission
and accumulation of viral diversity) that lead to challenges with
phylogenetic resolution. Notably, SARS-CoV-2 rate of evolution is
approximately 10-fold lower than most RNA viruses (approximately
1 x 10-3 substitutions/site/year, or 2 substitutions per month)15
such that the global population of SARS-CoV-2 viruses differed by
only 12 nucleotide substitutions by March 2020 [4]. Therefore, we
generated a large number of replicate analyses to quantify the un-
certainty in our estimates. First, from the full set of global se-
quences from GISAID (through September 2020) we generated 25
different samples that each included: all WA sequences (N=4918);
the closest non-WA sequences for each WA sequence in our sam-
ple (based on raw genetic distance; N=5056); a random time-
stratified sample of the remaining non-WA sequences (N=1447);
and, the Wuhan/Hu-1/2019 reference sequence. Each sample was
then stratified by PANGOLIN lineage (A, B.1, B.1.1, B.1.1.X, and B.X,
for X # 1). Our choice of five lineages for stratification was based
on the phylogeny of WA sequences, and we chose the sequence
groups that aligned with monophyletic clades (Figure 2). There are
several different nomenclatures for SARS-CoV-2 lineages, therefore,

we include both the PANGOLIN and the corresponding GISAID lin-
eages names.

We then reconstructed phylogenies for each of the 25 samples
stratified by lineage (N=125 trees) using IQTREE (HKY+G4 substi-
tution model) [16]. Next, for each phylogeny we randomly resolved
all polytomies with 20 random resolutions per phylogeny, which
resulted in 500 bifurcating trees per lineage. Most of our SARS-
CoV-2 phylogenies were characterized by a large number of poly-
tomies; this step allowed us to estimate uncertainty in our esti-
mates that may be due to poor phylogenetic resolution. Next, we
time-calibrated each bifurcating tree using the treedater algorithm,
assuming a strict molecular clock [17]. We assumed a mean rate
of evolution of 0-001 subs/site/year and constrained the rate to be
between 0-0009 and 0-0011 substitutions/site/year. This allowed us
to estimate to dates of each internal node and the time to most re-
cent common ancestor (MRCA) for each tree.

Lastly, to estimate the number of WA import and export events,
we used ancestral state reconstruction to reconstruct the likely
state (WA or non-WA) of each node using maximum parsimony
methods, implemented with the phangorn package in R. For each
phylogeny (i.e. each polytomy-resolved replicate of each PANGOLIN
lineage from the 25 sub-samples), we counted the number of in-
troductions to WA and the size of the resulting WA subclades. We
identified directional transmission events when the sequential in-
ferred ancestral state (i.e. geographic sampling location) of the in-
ternal nodes were not identical when moving from the root of the
tree toward the tip. WA subclades were defined as downstream
clades that included only WA sequences. We estimated the date of
each introduction into WA using the inferred date of the internal
node date for the MRCA of each WA subclade. The same approach
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Lineage Number of Sequences Introductions Exported Lineages
non- N % N %
Phylogeny of WA sequences ) Pangolin _ GISAID ) WA WA Total (median, range) (median, range) (median, range) (median, range)
B.1 G
2196 3172 5368 206 (150-240)  72% (61-77%) 96 (82-120) 47% (42-54%)
B.1.X GH
B.1.1 GR 1177 1543 2720 42 (34-50) 15% (12-20%) 21 (15-25) 10% (8-13%)
BLIX | GR | 174 308 482 4(3-6) 1% (1-2%) 0(0-1) 0% (0-1%)
A S 1337 780 2117 13 (8-22) 4% (3-7%) 86 (72-97) 42% (36-48%)
‘__ »_ B.X v 34 701 735 20 (15-25) 7% (5-10%) 1(0-3) 1% (0-1%)
Total 4918 6504 11422 287 (244-320) 204 (188-227)

Figure 2. Estimates number and proportion of SARS-CoV-2 introductions and exports by lineage.

was used to count lineages exported from WA state, with the op-
posite direction for each reconstructed node state change.

We also applied ancestral state reconstruction to estimate the
likely geographic source of each introduction into WA state (e.g.
from outside of the US or from elsewhere within the US), as well
as to estimate introductions that occurred within WA state, be-
tween eastern and western WA. For the latter of these two analy-
ses, we excluded the 5-5% of WA sequences (N=270) for which the
county of sampling was unknown. We included 10 random resolu-
tions of each reconstructed geographic source to account for am-
biguous reconstructions.

We provide summary statistics on sequence sampling coverage
(overall and by WA county) using both confirmed cases and esti-
mated incident cases as the denominator. Lastly, we estimated the
ratio of the number of introductions (representing an individual
who acquired SARS-CoV-2 outside of WA) to the total number of
WA sequences as a proximal measure of the relative contribution
of introductions versus local transmission. This approach allows us
to directly compare (via this proxy estimate) our results to those
of Miiller et al, in which phylodynamic simulation methods esti-
mated that between 1% and 10% of WA cases were imported [18].
For each of our estimates, we report the median and range ag-
gregated across the 5000 replicate analyses. All statistical analyses
were conducted using R statistical software version 3.6.2. The use
of residual clinical specimens for sequencing was approved by the
institutional review board at the University of Washington with a
waiver of informed consent.

Role of the funding source

Funders had no role in study design, data collection, analysis,
interpretation, or manuscript preparation. The corresponding au-
thors had full access to all study data and final responsibility for
the decision to submit for publication.

3. Results

Each analytic sample (replicate) included 11,422 SARS-CoV-
2 genomes: 4,918 WA sequences and 6,504 non-WA sequences
(Figure 2). Overall, our analysis included sequences for 6% of all
confirmed SARS-CoV-2 cases in WA state and 1:8% (95% CI: 12-
2+8%) of estimated incident SARS-CoV-2 cases [11,12]. The sample
coverage for WA state varied modestly between March and June,
and decreased significantly in July and late August (Figure 3A).

We observe temporal trends in prevalent lineage over time
(Figure 3A). Early WA samples included mostly sequences of lin-
eages A and B.1. Sequences collected in May and later were com-
prised largely of B.1.1 lineages. The latter of these (B.1, B.1.1, and
B.1.1.X lineages) are all characterized by the Spike 614G variant.
There was also substantial county-level variation in sequence sam-
ple and coverage (Figure 1B and 1C) and sampling was most rep-
resentative for King and Yakima counties. Of the 2,688 sequences
from western WA, 59% were sampled in King County, and of the
1,960 sequences from eastern WA, 84% were sampled in Yakima
County.

We estimate that the were a minimum 287 distinct introduc-
tions (range 244-320) of SARS-CoV-2 into WA and 204 exported
lineages (range 188-227) through mid-September 2020 (Figure 2).
SARS-CoV-2 introductions were primarily B.1 (median 72%, range
61-77%) and B.1.1 (median 15%, range 12-20%) lineages, whereas
exported lineages were primarily lineage A (median 42%, range 36-
48%) and B.1 (median 47%, range 42-54%).

Most (73%) introductions occurred prior to May 1 and the num-
ber of introductions peaked on March 29, 2020, six days following
WA’s “Stay-Home Stay-Healthy” order (Figure 3). When we strat-
ify by lineage, we observe that lineage A appears to have been in-
troduced at a small number of discrete time points (median 13,
range 8-12) while the introduction of lineages B.1 and B.1.1. oc-
cur continuously over the spring and summer months. In contrast
we observe two waves of exported lineages, the first peaking on
January 29, 2020 and the second peaking on March 30, 2020. The
first wave of exported lineages was comprised entirely of lineage
A while the second wave was predominately lineages A and B.1.

Overall, the ratio of introductions to sampled sequences was
6+1% (range 5-3-6-8%), and is a proxy measure for the relative
contribution of introductions to overall incidence. In our analysis,
this ratio peaked in late March at 9+7% (range 7-0-11-2%) and fell
to around 1-3% in May and June (Figure 3B). After July, our esti-
mate of this ratio is less reliable due to significant under-sampling
(Figure 3A).

We estimated that the majority (median 61%, range 55-65%) of
introductions into WA state likely originated from a source else-
where within the US, while the remaining 39% (range 35-45%) of
introductions likely originated from outside of the US (Table 1).
These proportions did not vary over the study period. We also
observed a significant amount of intra-state SARS-CoV-2 transmis-
sion. There were a large number of introductions from western WA
into eastern WA (median 130, range 115-153), and this comprised
the majority (median 65%, range 59-73%) of introductions into the
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A. Sampling coverage and distribution of Washington SARS-CoV-2 samples by date and lineage
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Figure 3. Temporal trends in SARS-CoV-2 sampling coverage, introductions and exported lineages for Washington State

Table 1

Count and proportion of introductions into Washington state by geographic region
Likely Geographic WA Overall Western WA Eastern WA
Source of N % N % N %
Introductions median (range) median (range) median (range) median (range) median (range) median (range)
us 177 (126-218) 61% (51-68%) 163 (137-191) 49% (42-57%) 41 (25-56) 20% (12-27%)
Outside of US 111 (91-136) 39% (31-48%) 77 (57-100) 23% (17-29%) 30 (19-41) 15% (10-21%)
Intra-state
Western WA 130 (115-153) 65% (59-73%)
Eastern WA 94 (77-115) 28% (24-31%)
Total 287 (244-320) 336 (305-366) 201 (73-187)
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A. Distribution of subclade sizes, by lineage
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Figure 4. Size and duration of Washington state subclades resulting from an out-of-state introduction of SARS-CoV-2

eastern region on the state compared to those from elsewhere in
the US (median 20%, range 12-27%) or outside of US (median 15%,
range 10-21%). Conversely, there were slightly fewer distinct intro-
ductions from eastern WA into western WA (median 94, range 77-
115), but these comprised a small proportion of all introductions
into the western region on the state (median 28%, range 24-31%)
compared to those from elsewhere in the US (median 49%, range
42-57%) or outside of US (median 23%, range 17-29%).

The size of WA subclades resulting from each introduction
ranged from 1 to 2,193 sequences (Figure 4A). Most introductions
resulted in a single WA sequences (72%) or small subclades of 2
(9%) or 3 to 5 SARS-CoV-2 sequences (8%). The remaining 6% of in-
troductions resulted in moderately sized subclade of 6-20 WA se-
quences, and 6% resulted in large subclades of 20 or more WA se-
quences. The largest WA subclades, that included more than 900
WA sequences, were subtypes A and B.1.1. The duration of each
subclade - defined as the number of days from first to last se-
quence collection - was positively correlated with subclade size
(Figure 4B). Subclades of just 2 sequences had the shortest dura-
tion, with a median of 5 days (IQR 1-16 days), the median du-
ration for small subclades of 3 to 5 sequences was 28 days (IQR

11-46 days). Moderately sized and large subclades had a median
duration of 38 days (IQR 20-62 days).

Discussion

We found phylogenetic evidence that the SARS-CoV-2 epidemic
in WA was seeded by a large number of distinct, ongoing introduc-
tions through September 2020. We similarly estimated that a large
number of SARS-CoV-2 lineages were exported from WA state dur-
ing the same period. Introductions appeared to play a significant
role early in the epidemic in March and April, but they continued
through the summer of 2020. Notably, the peak of introductions
on March 29, 2020 coincided exactly with the highest day of test-
positivity in WA state [19]. Although many introductions of SARS-
CoV-2 result in a single descendent WA sequence, which is sug-
gestive of limited local transmission, the sequence collection time
frame for small clades lasted on the order of a week to one and a
half months, which suggests these clades represent a modest de-
gree of local transmission. In addition, approximately 12% of intro-
ductions resulted in larger subclades, corresponding to long chains
of local SARS-CoV-2 transmission.
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The majority of introductions of SARS-CoV-2 into WA likely
originated from elsewhere within the US. Thus, inter-state travel
within the US may play a more important role in sustaining and
re-seeding local epidemics, compared to international travel. This
is consistent with prior analyses which found that domestic and
inter-state travel is a significant source of new SARS-CoV-2 infec-
tions, including a Connecticut outbreak that was phylogenetically
linked to the initial outbreak in WA state as the likely source [20].
We also observed a significant amount of intra-state transmission
between the eastern and western regions of WA. Notably, intra-
state transmission account for most transmissions into eastern WA,
but the converse was not true. This asymmetrical transmission
pattern may be because western WA includes infrastructure for
both inter-state and international travel: the Seattle-Tacoma inter-
national airport, the seaports, and the Interstate-5 corridor, the
main north-south highway that connects several large cities in Cal-
ifornia, Oregon, and Washington.

We observed distinct temporal trends in introductions and ex-
ports by lineage, and lineages with the Spike 614G variant ac-
counted for the majority (88%) of introductions. However, the tem-
poral patterns of introductions and exported SARS-CoV-2 lineages
mirrors the temporal shifts of dominant clades that occurred else-
where in the US and globally [8]. During the study period, none of
the variants of concern from the United Kingdom (B.1.1.7 or SARS-
CoV-2 VOC 202012/01), South Africa (B.1.351 or 501.V2), or Brazil
(P1), or India (B.1.617.2) were circulating in WA. The first case of
B.1.1.7 variant in WA state was sampled from Snohomish County
on December 25, 2020; the first case of B.1.351 was sampled in
January 2021 in King County; the first case of P.1 was sampled in
March 2021, also in King County; and the first case of B.1.617.2 was
sampled in April 2021.

Other studies examining the origins of SARS-CoV-2 in Brazil,
Northern California, New York, and Boston have also found evi-
dence of multiple introductions [10,21-23]. Our findings are con-
sistent with prior analyses that quantified the relative important
of introductions of SARS-CoV-2 [24,25]. Using a similar analytic ap-
proach, du Plessis et al. similarly found a large number of introduc-
tion of SARS-CoV-2 into the United Kingdom (N=1179, 95% inter-
val 1143-1286) through June 2020; the majority of which resulted
in small clades of fewer than 10 sequences [25]. In the United
Kingdom, most introductions that occurred prior to May likely
originated in Italy, Spain, or France. Another analysis of the rela-
tive contribution on introductions to the SARS-CoV-2 epidemic in
Switzerland found that most introduced lineages were from neigh-
bouring counties (France, Italy, Germany and Belgium) [24]. Our
findings are also consistent with phylodynamic modelling during
the first epidemic wave that estimated 3-10% of SARS-CoV-2 cases
in WA (excluding Yakima County) were attributable to an intro-
duction; we also observed two distinct waves of introductions, the
first which included lineages with the original Spike 614D muta-
tion (i.e. lineage A), followed by the introductions of lineages with
the Spike 614G variant (i.e. lineages B.1 and B.1.1) [18].

This study has a number of strengths. To our knowledge, this is
the first large-scale phylogenetic analysis to quantify the number
of introductions of SARS-CoV-2 in a region of the US or to quantify
within-county and within-state transmission patterns using phylo-
genetic methods. In addition, our findings were robust to the in-
clusion of different time-stratified random samples of non-WA ref-
erence sequences.

Our findings should be interpreted in light of the following
limitations. First, we likely are underestimating the true number
of introductions due to incomplete sampling. Phylogenetic results
need to be interpreted carefully due to incomplete sampling and
phylogenetic uncertainty. Because our sampling coverage was only
6% of confirmed SARS-CoV-2 cases, if we were to sequence more
genomes, we would find more introductions. Although GISAID and
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participating laboratories have facilitated the availability of an un-
precedented number of publicly available whole genomes of SARS-
CoV-2, within specific geographies the sampling coverage is very
low and there is significant over-representation of sequences from
certain countries (e.g. the United Kingdom, Australia, and the US).
Similarly, sampling coverage varied across WA both geographically
and temporally; King and Yakima counties account for the major-
ity of SARS-CoV-2 sequences used in our analysis, while other WA
counties had significantly lower sampling coverage (Figure 1), In
addition, overall WA sampling coverage was very low in July and
September 2020 (Figure 3A). Second, due to length-biased sam-
pling, we were unable to assess temporal variation in downstream
clade sizes changed over time. Lastly, phylogeographic inference is
limited by the low genetic diversity of SARS-CoV-2 as well as the
reduction in viral genetic diversity that results from pandemic mit-
igation measures; therefore, our estimated of the ratio of US to
non-US introductions is vulnerable to some degree of bias.

Our findings have several important public health implications.
First, our findings highlight the importance of genomic surveil-
lance to monitor for emerging variants in WA and elsewhere in the
US due to the high levels of inter- and intra-state transmission of
SARS-CoV-2 lineages [26]. Monitoring inter- and intra-state trans-
missions and their origins can be used to determine where public
health interventions may be most effective, such as the relative im-
pact of regional or local versus international travel restrictions. In
addition, we observed that number of both introductions and ex-
ports fell within the week of the “Stay Home, Stay Health” order,
suggesting that lockdowns and travel restrictions may be effective
at immediately reducing inter- and intra-state transmission by a
reducing overall mobility.
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