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Abstract

Residents and staff of emergency shelters for people experiencing homelessness (PEH) are
at high risk of infection with SARS-CoV-2. The importance of shelter-related transmission of SARS-
CoV-2 in this population remains unclear. It is also unknown whether there is significant spread of
shelter-related viruses into surrounding communities. We analyzed genome sequence data for 28
SARS-CoV-2-positive specimens collected from 8 shelters in King County, Washington between
March and October, 2020. We identified at least 12 separate SARS-CoV-2 introduction events into
these 8 shelters and estimated that 57% (16 out of 28) of the examined cases of SARS-CoV-2
infection were the result of intra-shelter transmission. However, we identified just a few SARS-CoV-2
specimens from Washington that were possible descendants of shelter viruses. Our data suggest
that SARS-CoV-2 spread in shelters is common, but we did not observe evidence of wide-spread

transmission of shelter-related viruses into the general population.
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Introduction

Persons living and working in residential or communal housing facilities are at high risk of
COVID-19, the disease caused by infection with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). Outbreaks of SARS-CoV-2 in skilled nursing facilities [1-5], hospitals [6], prisons [7-9],
and dormitories [10,11] have been well documented. These outbreaks have frequently resulted in
significant morbidity and mortality and may be an important contributor to SARS-CoV-2 transmission
in the communities where these facilities are located [12]. Residents and staff of emergency shelters
that serve persons experiencing homelessness (PEH) may be especially vulnerable to outbreaks of
SARS-CoV-2 [13-15]. Shelters are frequently crowded and sleeping spaces, restrooms, and bathing
facilities are often shared among many residents. Also, unlike residents of skilled nursing facilities,
hospitalized patients, and incarcerated persons, sheltered PEH may regularly leave the shelter

[15,16], putting them at risk for acquiring SARS-CoV-2 outside the shelter environment.

Recent studies of SARS-CoV-2 outbreaks in emergency shelters have provided insights into
the impact of the pandemic on residents of these facilities. A point prevalence of infection of 30% or
greater among shelter residents has been observed in multiple studies during outbreak
investigations [13,16—18]. In at least one case, a high shelter prevalence of SARS-CoV-2 infection was
observed, even though the prevalence of infection in the surrounding community was low [6].
Studies have also documented simultaneous SARS-CoV-2 infections among shelter residents and
staff [13,17—-20] with a high percentage of asymptomatic infections among those testing positive
[17,18,21,22]. Higher case numbers have been observed in shelters with more transient residents
[16] and in shelters with shared or communal sleeping facilities [21]. SARS-CoV-2 spread has been
reported among persons residing at different shelters who shared day-use facilities [19]. Finally, one
study found higher rates of SARS-CoV-2 infection in emergency shelter residents than among

unsheltered PEH [20], an observation perhaps attributable to crowded living conditions in shelters.



Important questions remain about SARS-CoV-2 transmission within emergency shelters and
the possible role these facilities play in viral spread in surrounding communities. Specifically, it is
unknown what proportion of SARS-CoV-2 infections in shelter residents and staff represent viruses
acquired in the surrounding community versus within the shelter environment. It is also unknown
how likely it is for viruses transmitted in shelters to spread into outside communities. In this study,
we used whole genome sequencing to assess the relationship among SARS-CoV-2 specimens
collected from emergency shelter residents and staff in King County, Washington from March
through October of 2020 as part of an on-going surveillance program. We also used publicly
available SARS-CoV-2 sequences to evaluate the relationship between these specimens and those

collected from the community at large during the same time period.

Methods

Origin of Specimens

We conducted SARS-CoV-2 testing of both residents and staff of 13 emergency shelters
located throughout King County, Washington from March to October, 2020, using two different
approaches: routine surveillance and surge testing (Supplementary Tables S1, S2). These approaches
and the lettering system used to denote shelters have been described previously [22]. Briefly,
routine surveillance consisted of testing shelter residents and staff who expressed interest in being
tested to members of our study team who were present on-site [22]. During March 2020, residents
and staff were also required to have self-reported symptoms (such as cough, fever, sinus congestion,
rhinorrhea, or sore throat) consistent with an acute respiratory illness within the previous week to
be eligible for testing. After March 2020, testing through routine surveillance was open to all
interested shelter residents and staff, regardless of symptoms. Surge testing consisted of one-day
testing events where all residents and staff at a shelter were offered testing in response to a
previously detected case or cases of SARS-CoV-2 infection at the facility. Informed consent was

obtained from all study participants and specimens were obtained via participant self-collected, mid-



turbinate nasal swabs [23]. Demographic data was collected from residents and staff who
underwent SARS-CoV-2 testing via a standardized questionnaire that was administered by study staff
[22]. The study protocol was approved by the University of Washington Institutional Review Board.
The Centers for Disease Control and Prevention determined that the data and specimen collection
was not conducted or sponsored by the Federal government and the study protocol did not require

Human Research Protection Office review under 45 CFR 46.102(1).

SARS-CoV-2 Testing

Specimens collected through March 18, 2020 were tested for SARS-CoV-2 using a University
of Washington laboratory-developed, multiplexed RT-PCR assay targeting the SARS-CoV-2 Orflb
gene and the human RNase P gene. This assay was run in duplicate for each specimen. Specimens
collected after March 18 were tested using a multiplexed RT-PCR assay that targeted both the viral
Orflb and S genes labeled with FAM fluor and the human RNaseP gene labeled with VIC or HEX
fluor. For positive specimens, a cycle threshold (Ct) value was calculated by averaging the individual

Ct values for each viral target as described previously [24].

Genome Sequencing and Assembly

Sequencing was attempted on all positive specimens with Ct values <30. RNA from
specimens meeting this criterion was converted to cDNA and libraries were constructed with the
[llumina TruSeq RNA Library Prep for Enrichment kit (lllumina). Library enrichment for SARS-CoV-2
sequences was performed with the Twist Respiratory Virus Research Panel (Twist Bioscience, South
San Francisco, CA) or the lllumina COVID-seq Kit (lllumina, San Diego, CA). Sequencing was
performed on a MiSeq or NextSeq machine. Raw reads were assembled into consensus sequences
using the Seattle Flu Assembly Pipeline (https://github.com/seattleflu/assembly, Supplementary
Methods). GISAID accession numbers for all consensus sequences are provided in Supplementary

Table S3.



Sequence Analysis

Sequence masking, sequence alignment, and phylogenetic tree construction were
performed using the Nextstrain augur computational toolset (Supplementary Methods) [25]. Trees
were visualized using the Nextstrain auspice software [25]. Genomes not collected as part of this
study were downloaded from the GISAID database for use in our analyses (Supplementary
Methods). Quality of these publicly available genomes was assessed using the Nextclade online tool
(https://clades.nextstrain.org/). Nextstrain clade assighment of genomes was also performed using
Nextclade and Pangolin lineage assignment was done using the Pangolin COVID-19 lineage assigner

online tool (https://pangolin.cog-uk.io) [26].

Results

Clade/lineage membership of sequenced specimens from shelters

A total of 72 specimens from 11 shelters in King County were positive for SARS-CoV-2 from
March through October, 2020. Full genome sequences (>90% complete) were generated for 28
specimens from 25 unique residents and 3 unique staff members from 8 different shelters (Table 1,
Supplementary Figure S1). The remaining 44 specimens could not be sequenced due to low viral RNA
quantity (high Ct values) and/or quality (Supplementary Table S4, S5; Supplementary Note S1). The
Pangolin lineages represented by the 28 shelter genomes included A.1 (1), B.1 (14), B.1.1.291 (1),
B.1.234 (8), and B.1.240 (4). The lineage classification of sequenced genomes grouped by collection
month is shown in Figure 1A with classification data for all King County (N = 575) and Washington (N
=3167) SARS-CoV-2 genomes collected from March to October, 2020, and deposited in GISAID
shown in Figures 1B and 1C, respectively. Most of the 28 shelter genomes were classified as
Nextstrain Clade 20A (13) or Clade 20C (13) with one genome classified as 19B and one as 20B
(Supplementary Figure S2). A phylogenetic tree of the 28 shelter genomes is shown in Figure 2A

while the tree in Figure 2B includes all shelter genomes plus a random sample of publicly available



SARS-CoV-2 genomes from Washington (N = 445) and from the United States (N = 757) collected

during the same time period.

Genetic relationships among specimens from the same shelter

We next assessed the genetic relationship among viruses from the same shelter. We
sequenced more than one specimen from 6 shelters —H, M, D (n =2 each), | (n=4),L(n=7),and E
(n=9). All sequenced specimens from Shelters H and M were Clade 20C and Lineage B.1. Only one
nucleotide change separated H1 from H2, collected 24 days apart, and M1 from M2, collected on the
same day. In contrast, the two specimens from Shelter D, collected 11 days apart, were from
different clades and lineages. The four specimens from Shelter | belonged to 3 different clades and
lineages, 19B/A.1 (11), 20A/B.1.240 (14), and 20C/B.1 (12, 13). Specimens 12 and I3, collected two days
apart, differed at just two positions and were the only viruses from Washington with the alternative
alleles C10138T, C10645T, and C23673T (Figure 2C, Supplementary Note S2, Supplementary Figure

S1).

Shelters L and E both had a large number of sequenced specimens. All sequenced specimens
from Shelter L were Clade 20C/Lineage B.1. L1 and L2 were genetically identical and differed by just
a one nucleotide change from L3 and L6. We also noted that specimens L4 — L7 formed a
monophyletic clade with just three other Washington specimens. These 7 genomes all shared the
A27253G alternative allele, not seen in any other sequences from Washington (Supplementary Note
S2, Supplementary Figure S1). As a group, specimens L4 — L7, all collected on April 23, were more

diverse than specimens L1 — L3, all collected on April 1.

All Shelter E specimens were Clade 20A, but E1 — E8 were Lineage B.1.234 and E9 was
Lineage B.1.240. E1 - E8 also all share the C3411T and T9875C alternative alleles seen in only 3 other
specimens from Washington (Supplementary Note S2, Supplementary Figure S1). Like the Shelter L

specimens, the specimens in this group that were the last to be collected (E7 and E8) were the most



divergent from the other specimens in the group. Specimen E9 was not a member of the

monophyletic clade formed by specimens E1 — E8 (Figure 2D) and it differed from those specimens
by 13 — 16 single nucleotide changes (for comparison, pairwise genetic distances among specimens
E1 - E8 ranged from 0 to 3). E9 is also a chronologic outlier among the Shelter E specimens as E1 —
E8 were collected over a 9 day period in September (September 9 — 18) while E9 was not collected

until October 9.

Genetic relationships among specimens from different shelters

We next examined the relationships among viruses collected at different shelters. We first
assessed the specimens collected at shelters H, L, and M in late March and April. All of these
specimens were Clade 20C and Lineage B.1. Specimens L1, L2, H1, and M1 were all genetically
identical and all specimens from shelters H, L, and M were closely related (pairwise genetic distances
among specimens from these 3 shelters ranged from 0 — 6). However, we also noted that the
diversity of Clade 20C viruses circulating in Washington during this time period was very limited and
that the genotype represented by L1, L2, H1, and M1 was observed in 108 additional sequenced

specimens collected in the state between March 10 and May 20.

We were also interested in the relationship among shelter viruses from late July through
October. These were all Clade 20A viruses, despite the co-circulation of viruses from other clades in
King County during that time. We were particularly interested in the relationship among specimens
14, C1, J1, and E9, which were all Lineage B.1.240 and were collected from August to October, 2020.
Of the 276 genomes in GISAID that were collected in King County during those months, only 12
(4.3%), including the 4 genomes from this study, were Lineage B.1.240. To assess the relationship
among these viruses in a different way, we calculated the genetic distance between all pairs of
sequenced viruses collected in King County <30 days apart. We selected one virus to represent each
putative introduction of virus into a shelter (that is, E1 was used as a representative for E1 - E8). We

found that the pairwise distances between specimens C1, J1, and E9 were all less than half the



average distance between random viral pairs collected in King County during the same time period

(Supplementary Figure S3).

Genetic relationship of shelter viruses to those collected outside the study

We examined 5943 genomic sequences for SARS-CoV-2 specimens collected outside this
study in Washington from March 2020 to January 2021 for evidence of transmission of shelter
viruses into the wider community. We searched for viruses in the GISAID database collected in
Washington that carried the same set of alternative alleles (with or without additional alternative
alleles) as at least one shelter virus (see Supplementary Note S2, Supplementary Table S6). We
excluded specimens L1, L2, H1, and M1 from this analysis as the genotype shared by these
specimens was commonly observed. We found a total of 21 GISAID viruses that were possible
descendants of shelter viruses. The last of these was collected on November 14, 2020. Six possible

descendant viruses were observed for specimen 14, the most identified for any shelter virus.

Discussion

Our analysis of genome sequences for 28 SARS-CoV-2 specimens collected in emergency
shelters in King County, Washington from March to October, 2020, resulted in several notable
findings. First, for all pairs of specimens collected 10 days apart or less from the same shelter
(specimens L1 — L3, L4 - L7, M1 -M2, 12 —13, and E1 — E8), we found genetic evidence suggesting
that they resulted from a single viral introduction event into the shelter followed by intra-shelter
transmission. We found no evidence for the co-circulation of more than one viral genotype in any
shelter at any one time. Second, there were two instances (Shelters H and L) where genetically
similar viruses were obtained from a shelter several weeks apart. This suggests prolonged intra-
shelter transmission, prolonged shedding by shelter residents/staff, and/or multiple introductions of
genetically similar viruses from an outside source. Third, the temporal and genetic relationship

among sequenced specimens from Shelters H, L, and M are consistent with transmission of virus
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among these shelters. Further, we noted that all shelter viruses collected after late July were from
Clade 20A and that four viruses collected from August to October from four different shelters were
Lineage B.1.240, despite the co-circulation of viruses from other clades and lineages in King County
during this time. Finally, the number of viruses collected outside the study that were potentially

descended from a shelter virus was fairly small (21 total out of 5943).

Our findings suggest that intra-shelter transmission was the primary source of the SARS-CoV-
2 cases we examined, despite the potential for residents and staff of shelters to be exposed to
viruses outside the shelter environment. We estimate that these cases were the result of 12
different viral introductions into shelters (one introduction into Shelters H, M, L, J, and C; two into D
and E; and three into |) and that at least 57% of these cases were the result of intra-shelter
transmission. The latter estimate makes the assumption that for each of the 12 viral introduction
events, the index case was among the specimens we sequenced. As this is unlikely, 57% is a
conservative estimate of the percentage of the 28 examined cases that were due to intra-shelter
transmission. This finding supports the prioritization of control measures to limit intra-shelter spread
of SARS-CoV-2 such as mask mandates, promotion/facilitation of vaccination, shelter-wide testing in

response to infection in residents or staff, and isolation of infected residents.

Our results also provide insight into the relationship among the viruses from different
shelters. The detection of SARS-CoV-2 infections at shelters H, L, and M in late March/early April and
the public'health response to these cases has previously been described [19]. As residents of these
shelters shared day-use facilities, it was hypothesized prior to the availability of SARS-CoV-2 genomic
data that these cases were all related via direct spread of virus among shelter residents and staff.
Genetic data from some of these cases was consistent with this hypothesis. Because four of the
cases from these 3 shelters were due to a genotype of virus that was extremely common in King
County from March to May 2020, it remains possible that this cluster of cases was due to more than

one introduction of virus from the broader community into a population consisting of shelter
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residents and staff. However, the chronologic overlap in cases at these 3 shelters, the known
opportunity for interaction among residents and staff of these shelters, and the genetic data taken
together are very suggestive of inter-shelter viral transmission. We also found that four viruses
collected in four different shelters from August to October 2020 were all members of a lineage that
was uncommon in King County at that time. Given that these shelters are geographically dispersed
throughout the county, these findings may suggest that the connections between residents of
different shelters in the same region (e.g. social, shared use of community resources, etc) are more
important conduits for viral transmission than the geographic connections between shelters and the

communities where they are located.

Given that there is mounting evidence that SARS-CoV-2 can spread rapidly and extensively
within shelters and even between shelters, there may be concern about shelter outbreaks fueling
outbreaks in surrounding communities. To our knowledge, there is little data to inform this concern.
Most studies of SARS-CoV-2 transmission within residential facilities have focused on individual
outbreaks or on the determination of viral point prevalence with data collection occurring during a
short time window. This prevents assessment of the genetic relationship between the viruses
causing the outbreak and viruses collected later in communities that may be connected to these
facilities. In contrast, our sequenced specimens were collected over 8 months and we included
publicly available sequences collected over 11 months in our analyses. We observed very little
evidence of transmission of SARS-CoV-2 from emergency shelter residents and staff into the broader
community. Though there are a handful of viruses collected outside the study which may be
descendants of shelter-related viruses, these are relatively few in number and none have led to on-
going chains of transmission in Washington that have been detected as of yet by sequencing.
Generating any conclusions from this observation is hampered by both the modest number of
specimens we sequenced and by the fact that genomic data are available for only a small fraction of

circulating viruses in Washington from March 2020 to January 2021. However, we can say that
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among the specimens we analyzed we did not see evidence that SARS-CoV-2 transmission in shelters

led to large number of cases in the broader community.

There were several limitations of our dataset that may affect the generalizability of our
results. This study analyzed a relatively small number of SARS-CoV-2 genomes. Though study staff
collected over 5,700 specimens from shelter residents and staff, the positivity rate was just 1.3% and
fewer than half of the positive specimens contained enough viral RNA to generate high quality
genomes. Additionally, as testing was voluntary, it is likely that there were also undetected SARS-
CoV-2 cases in the study population during the study period. These limitations-hindered our ability
to “re-construct” complete chains of viral transmission within shelters. Next, the non-random nature
of the specimens we were able to sequence (typically those with the lowest Ct values) and of the
shelter residents and staff who volunteered for testing likely introduced some biases into our
dataset. Particularly relevant to our conclusions, residents who left their shelters frequently during
the day may have been less likely to be present when SARS-CoV-2 testing was being conducted.
These residents may have a higher risk of acquiring and transmitting SARS-CoV-2 outside their
shelters. Similarly, the publicly available SARS-CoV-2 sequences from King County and Washington
are not an unbiased sample of all viruses circulating in these areas and instead represent a
conglomerate of sample sets collected for various reasons by various organizations (Supplementary
Methods). Finally, we were limited by the lack of demographic data that exist for many publicly
available SARS-CoV-2 sequences. Though some specimens collected outside our study could be
descendants of study specimens, we cannot be completely sure that these putative descendant

viruses are not from shelter residents or staff.

The objective of this study was to better understand SARS-CoV-2 transmission within
emergency shelters and between emergency shelter residents and staff and the broader community
in King County, Washington. Our results can be used to inform inferences about the relationship

among SARS-CoV-2 cases in similar populations where genetic data are not available and to guide
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public health decision-making regarding SARS-CoV-2 infection control measures. Our findings that
intra-shelter viral spread is common support aggressive responses to the detection of SARS-CoV-2 in
a shelter, such as shelter-wide testing and quarantine of infected residents, to prevent viral spread
among residents and staff of the affected shelter. However, more molecular epidemiology studies
analyzing genetic data are needed to determine the generalizability of our findings in this
population. More work will also be needed to understand how SARS-CoV-2 transmission patterns in

shelters evolve over time and are affected by specific interventions aimed at reducing viral spread.
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Figure Legends

Figure 1: Plots showing number of SARS-CoV-2 full genome sequences by Pangolin lineage. Legend
includes all pangolin lineages represented among shelter specimens as well as all pangolin lineages
representing 22% of all King County or Washington specimens from March to October, 2020. Other
lineages are shown collectively as “Other”. A) Count of sequenced specimens from study shelter
residents (N = 28) by month and lineage. B) Count of SARS-CoV-2 genomes from King County in
GISAID (N = 575) by month and lineage. C) Count of SARS-CoV-2 genomes from Washington in

GISAID (N = 3167) by month and lineage.

Figure 2: Phylogenetic trees showing the relationship among 28 SARS-CoV-2 specimens collected
from residents and staff in 8 emergency shelters housing PEH from March to October, 2020. Black
dots are used to facilitate the differentiation of similar colors representing different shelters. A) Tree
showing the relationship among the genomes from 28 SARS-CoV-2 specimens collected from
residents and staff. The x-axis values represent the number of single nucleotide changes among
genomes. B) Tree showing the 28 shelter genomes plus a random sample of publicly available SARS-
CoV-2 genomes from Washington (darker gray, N = 445) and from the United States (lighter gray, N =
757) collected during the same time period for context. The x-axis values represent date of specimen
collection. C) Tree showing Clade 20C shelter genomes plus all publicly available genomes from
specimens collected in King County (gray nodes) from March to June, 2020. Inset shows detail of
branches containing shelter genomes. X-axis values represent number of single nucleotide changes
relative to the Wuhan/Hu-1 reference genome. D) Tree showing Clade 20A shelter genomes plus all

publicly available genomes from specimens collected in King County (gray nodes) from July to
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October 2020. Inset shows detail of branches containing shelter genomes. X-axis values represent

number of single nucleotide changes relative to the Wuhan/Hu-1 reference genome.
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# of

Specimen Sequenced Sou.rce of Date of Collection Nextstrain P?ngolin
Name Specimens Specimen(s) Clade Lineage
11 1 Resident 11 March 198 Al
12 1 Resident 18 June 20C B.1
13 1 Resident 20 June 20C B.1

14 1 Resident 6 August 20A B.1.240
H1 1 Resident 30 March 20C B.1
H2 1 Resident 23 April 20C B.1
L1-13 3 Residents 1 April 20C B.1
L4-16 3 Residents 23 April 20C B.1
L7 1 Staff 23 April 20C B.1
M1 - M2 2 Staff 13 April 20C B.1
D1 1 Resident 16 July 208 B.1.1.291
D2 1 Resident 27 July 20A B.1
E1-E5 5 Residents 9 September 20A B.1.234
E6 1 Resident 11 September 20A B.1.234
E7 1 Resident 16 September 20A B.1.234
E8 1 Resident 18 September 20A B.1.234
E9 1 Resident 9 October 20A B.1.240
Cc1 1 Resident 14 September 20A B.1.240
J1 1 Resident 15 September 20A B.1.240
Total 28

Table 1: SARS-CoV-2-positive specimens with full genome sequences collected from emergency

shelter residents and staff - King County, Washington - March to October, 2020
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