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Summary
Background The circulation of respiratory viruses poses a significant health risk among those residing in congre- The Lancet Regional
gate settings. Data are limited on seasonal human coronavirus (HCoV) infections in homeless shelter settings. Health - Americas

2022;15: 100348
Methods We analysed data from a clinical trial and SARS-CoV-2 surveillance study at 23 homeless shelter sites ~Published online 18
in King County, Washington between October 2019-May 2021. Eligible participants were shelter residents aged :;g:.s/t/jgizjr 101016/
>3 months with acute respiratory illness. We collected enrolment data and nasal samples for respiratory virus Ian2.2022.i 0093 s ;
testing using multiplex RT-PCR platform including HCoV. Beginning April 1, 2020, eligibility expanded to
shelter residents and staff regardless of symptoms. HCoV species was determined by RT-PCR with species-
specific primers, OpenArray assay or genomic sequencing for samples with an OpenArray relative cycle thresh-
old <22.

Findings Of the 14,464 samples from 3281 participants between October 2019-May 2021, 107 were positive for
HCoV from 9o participants (median age 40 years, range: 0-9-81 years, 38% female). HCoV-HKU1 was the most
common species identified before and after community-wide mitigation. No HCoV-positive samples were identified
between May 2020-December 2020. Adults aged >50 years had the highest detection of HCoV (11%) among virus-
positive samples among all age-groups. Species and sequence data showed diversity between and within HCoV spe-
cies over the study period.

Interpretation HCoV infections occurred in all congregate homeless shelter site age-groups with the greatest pro-
portion among those aged >50 years. Species and sequencing data highlight the complexity of HCoV epidemiology

within and between shelters sites.
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Research in context

Evidence before this study

Individuals residing in congregate settings such as
homeless shelters are at risk for respiratory viral out-
breaks including seasonal human coronaviruses (HCoV).
While HCoVs generally cause mild upper respiratory
tract symptoms, they can be associated with severe clin-
ical outcomes among those with underlying comorbid-
ities. Homeless shelter residents have a high prevalence
of underlying comorbidities which put them at
increased risk for severe disease from HCoV infection.
We searched PubMed on June 15, 2022, using the
search terms (“homeless” OR “shelter” OR “homeless-
ness”) AND ("human coronavirus" OR "seasonal corona-
virus" OR "endemic coronavirus" OR ‘"respiratory
infection" OR “respiratory pathogen” OR “respiratory dis-
ease”) which yielded 102 results; of which, nine dis-
cussed respiratory communicable disease in people
experiencing homelessness. Three were original
research surveillance studies of respiratory pathogens
in homeless shelters in Marseille, France which included
HCoV infection. These three studies showed that HCoV
contributed to the infection burden among residents of
homeless shelters but these studies were limited by
small sample size.

Added value of this study

Our clinical and genomic characterisation of HCoV epi-
demiology illustrates the complexity of HCoV infections
among residents and staff of homeless shelters. We
found a greater proportion of HCoV infections in adults
than in paediatric participants before and during the
COVID-19 pandemic with the highest percentage
detected in shelters housing individuals aged >50 years,
with decreases in HCoV detection during the early
months of the pandemic. HCoV detections began later
in the second year of the study compared to the start of
the COVID-19 pandemic, possibly related to ongoing
community-wide mitigation efforts at the time.

Implications of all the available evidence

Our findings add to the limited data on HCoV epidemiol-
ogy in congregate settings specifically homeless shelters.
We show HCoV infections affect all individuals residing in
homeless shelters regardless of age before and during
the COVID-19 pandemic with an underappreciated bur-
den of HCoV infection in older adults. In contrast to hos-
pital-based and general community studies, surveillance
in congregate settings can provide data on groups of
people most at risk for respiratory virus complications in
the community. Optimizing prevention and control

Copyright © 2022 The Author(s). 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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interventions for all coronavirus infections among home-
less shelter residents will rely upon understanding coro-
navirus epidemiology in these settings. As we enter the
next stages of the COVID-19 pandemic, these data estab-
lish a baseline for understanding the complexity and
diversity of coronavirus circulation in homeless shelters.
Novel surveillance studies, such as ours, can further our
understanding of the infection burden of respiratory
viruses in high-risk populations.

Introduction

Seasonal human coronaviruses (HCoVs) cause acute
respiratory illness (ARI) associated with annual commu-
nity epidemics." HCoVs include four globally distrib-
uted endemic viral species, which co-circulate with
seasonality varying Dby climate: alphacoronaviruses
(HCoV-229E, HCoV-NL63) and Dbetacoronaviruses
(HCoV-HKU1, and HCoV-OCy43).>? Although associ-
ated with the “common cold,” severe HCoV disease can
occur* particularly in people with certain underlying
medical conditions.”®

Individuals residing in congregate settings like
homeless shelters are at greatest risk for infection and
severe health outcomes associated with respiratory
viruses.” In the US, >500,000 people experience
homelessness (PEH) nightly with >60% residing in
shelters.® Respiratory virus transmission in shelters can
occur because of difficulties with contact tracing, main-
taining physical distance and providing effective ventila-
tion.”?"* PEH are disproportionately affected by
chronic disease, mental health issues, substance use,
limited financial resources and preventive healthcare
access.” SARS-CoV-2 outbreaks in shelters highlight
the risk of respiratory viral transmission in these
settings.'*"* However, little is known about HCoV epi-
demiology in homeless shelters.

We describe the HCoV epidemiology among home-
less shelters residents and staff in King County, Wash-
ington from October 2019-May 2021. We use genome
sequencing to evaluate the relationship of HCoV species
before and during the COVID-19 pandemic.

Methods

Study design and population
We analysed cross-sectional data from a previously
described clinical trial and a SARS-CoV-2 surveillance
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study in 23 homeless shelters (Supplemental Table 1) in
King County, Washington from October 2019-May
2021 (Supplemental Methods).”"> Before April 1, 2020,
eligible participants included shelter residents aged >3
months with new or worsening ARI symptoms defined
as cough or at least two of the following symptoms: sub-
jective fever, headache, sore throat, runny or stuffy
nose, shortness of breath, and muscle or body aches
within the last seven days. For participants aged
<18 years, diarrhoea, rash and ear pain or discharge
were also included as eligible symptoms. Once a month,
eligibility expanded to participants regardless of symp-
toms. During routine surveillance, participants self-
enrolled at staffed kiosks within shelter sites. After April
1, 2020, enrolment was opened to shelter residents and
staff regardless of symptoms. One-day surge testing
events beginning March 30, 2020, were implemented
with Public Health — Seattle & King County for SARS-
CoV-2 contact tracing efforts within shelter study sites.
Consent was obtained from individuals aged >18 years
or guardians for those aged <18 years; participants aged
13-17 years provided assent.

Questionnaires and a nasal swab were collected at
enrolment. Enrolments were limited to once weekly
unless new or worsening symptoms developed. Multi-
ple enrolments were permitted with each enrolment
constituting a single encounter linked by participant’s
name and birthdate. Data were de-identified prior to
analysis. Our study was approved by the University
of Washington Institutional Review Board (Study
00007800) and was prepared using the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guidelines.

Questionnaire and shelter site data

Participants or guardians completed a questionnaire
administered on an electronic tablet at the time of nasal
swab collection, with data stored on Research Electronic
Data Capture (REDCap). Self-reported sociodemo-
graphic data collected included shelter site location,
birthdate, sex, race and ethnicity, pregnancy status, and
current tobacco and e-cigarette use status. Questions
included self-reported underlying medical conditions
(Supplemental Methods). The questionnaire included
self-reported ARI symptoms and fatigue, sweats, nausea
or vomiting, chills, diarrhoea, rash, and ear pain or dis-
charge in the past week. Loss of taste and smell was
added after April 1, 2020.

Specimen collection and respiratory viral testing

Mid-turbinate samples were obtained through July 22,
2020, and then from November 1, 2020, through study
end. Anterior nares samples were collected from July
22, 2020-November 1, 2020. Study staff initially col-
lected nasal samples, however due to SARS-CoV-2 com-
munity spread, participants self-collected nasal samples
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beginning March 6, 2020, with study staff supervision.
Comparability of a self-collected mid-turbinate swab to
clinician-obtained nasopharyngeal sample has previ-
ously been described for SARS-CoV-2."® Samples were
extracted and tested using a custom-arrayed RT-PCR
platform including influenza viruses (A, B and C), respi-
ratory syncytial virus (RSV A and B), human parain-
fluenza virus (1-4), HCoV, metapneumovirus,
rhinovirus, enterovirus, human bocavirus, human pare-
chovirus and adenovirus (Supplemental Table 2). Begin-
ning November 23, 2020, the OpenArray platform
identified HCoV by species. Detailed SARS-CoV-2 test-
ing for this study was previously described.” From Feb-
ruary 25, 2020, onward, samples were tested for SARS-
CoV-2 in real-time by a RT-PCR assay. Specimens col-
lected from January 1, 2020-February 25, 2020, were
tested retrospectively for SARS-CoV-2. An OpenArray
relative cycle threshold (Crt) value was calculated for
virus-positive samples. For additional testing details,
refer to Supplemental Methods.

Genomic sequencing and analysis

We attempted genomic sequencing on HCoV-positive
samples with Crt values <22. Extracted RNA was purified
and underwent shotgun metagenomic sequencing. Shot-
gun metagenomic sequencing libraries were prepared as
previously described.”'® Samples where genomes were
not recovered using shotgun sequencing were sequenced
with hybridization capture. Raw sequence reads were
assembled into consensus genomes using the Seattle Flu
Study (SFS) assembly pipeline (https://github.com/seat
tleflu/assembly). Processed reads are then mapped to ref-
erence genomes representing the four HCoV species.
The consensus genome with the least missing data (low-
est percent Ns) for each sample was selected for inclusion
in further analyses and uploaded to GenBank (Supple-
mental Table 3).

Among samples with completed genome sequencing,
one genome per HCoV species from unique participants
was used for further analyses to exclude multiple speci-
mens from the same illness course. Maximum likelihood
phylogenetic trees were constructed for each HCoV spe-
cies (with separate trees for HCoV-HKUIA and HCoV-
HKU1B) that included the shelter genomes and all full
length (>25,000bp) genomes available in GenBank.
Shelter genomes for each HCoV species were compared
to assess clustering by shelter site and time of sample col-
lection. Genomic sequences collected before the COVID-
19 pandemic (April 2020 and earlier) and during the
pandemic (January 2021 and later) were compared. Addi-
tional details on genomic sequencing and analysis are
provided in the Supplemental Methods.

Seasonal human coronavirus species identification
The reference genome associated with the highest qual-
ity consensus genome was presumed to represent the
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sample’s species. These prospective species assign-
ments were confirmed by creating a maximum likeli-
hood phylogenetic tree including all sample genomes
and the four reference genomes. All other HCoV sam-
ples were sent for primer specific RT-PCR amplification
or were determined by multiplex OpenArray platform
as described in Supplemental Methods.

Data sources, variables and computational analysis

We defined the co-detection of respiratory viruses as >2
respiratory viruses detected in the same specimen.
Asymptomatic participants were those without any
reported illness course symptoms up until their study
encounter. We categorized SARS-CoV-2 inconclusive
results as negative. Influenza-like illness (ILI) was
defined as the presence of fever with cough or sore
throat and COVID-19-like illness (CLI) was defined as
the presence of fever with cough or shortness of breath.
History of lung disease was defined as asthma, bronchi-
tis or chronic obstructive pulmonary disease. Among
participants with multiple HCoV-positive samples, we
classified separate infections by the presence of a new
HCoV species detection or possible reinfection when
the same species detection is separated by >1 HCoV-
negative sample. We used descriptive statistics to sum-
marize sociodemographic data and underlying medical
conditions and the Pearson x> test for comparison of
categorical variables. HCoV proportions among all sam-
ples and among virus-positive samples are presented
with 95% confidence intervals (CI). To compare the pro-
portion of HCoV-positive samples in participants aged
>50 years to younger age groups, we used logistic
regression controlling for sex, race, ethnicity and shelter
site. We defined p-value <o-o5 as statistically signifi-
cant. We used SAS software version 9-4 (Cary, NC,
USA) for general analysis and NextStrain software for
genome consensus processing and visualization of phy-
logenetic trees.

Role of funding source

This study was supported by donations from Gates
Ventures and a contract from the Centers for
Disease Control and Prevention (CDC; Contract #:
75D30120C09322 AMoo2 to HYC), National Institute
of Health (Grant #: T32 Aloo7044 to EJC). Funders did
not have a role in study design, data collection, data
analysis, interpretation, writing of the report or decision
to submit. CDC co-authors did contribute to data analy-
sis, interpretation, writing of the report and the decision
to submit.

Results

From October 2019-May 2021, there were 14,464
encounters from 3281 unique participants (median age
37 years, range: 0-3-85 years, 38% female; mean of 4-4

encounters per unique participant; Supplemental
Figure 1 and 2). Among participants, 17% were shelter
staff, 40% White, 15% Hispanic and 69% reported no
underlying medical condition (Table 1). The majority of
encounters (90%) occurred during routine surveillance
testing. Participants from six family shelters and one
adolescent shelter, accounted for 35% of all encounters.
A total of 1569 encounters (11%) had >1 respiratory
virus from 992 unique participants (Supplemental
Table 4).

HCoVs were detected in 107 encounters from 9o
unique participants (median age 40 years, range: 0-9-81
years; 38% female). This represented 0-7% (95% Cl[o-
6%-0-8%)]) of all 14, 464 samples and 7% (95% CI[6-
8%)]) of 1569 virus-positive samples. Virus-positive
specimens obtained from adults aged >50 years had a
significantly higher proportion of HCoV detected than
those aged <50 years (11% vs 6%, respectively; p=o-
0046; Supplemental Table 5). On March 23, 2020,
Washington State ordered a COVID-19 pandemic stay-
at-home ordinance' including school closure. Before
this date, HCoV was detected in 21% and 14% of virus-
positive specimens from adults and children, respec-
tively. After this date, HCoV represented 3% and o-5%
of virus-positive samples in adults and children, respec-
tively. No HCoV-positive samples were identified
between May 2020-December 2020 (Supplemental
Figure 3). Most HCoV-positive specimens were collected
during routine surveillance testing with the highest per-
centage of HCoV in shelters for residents aged >18 years
(50%; Table 2). Among virus-positive samples, shelters
for residents aged >50 years had a higher percentage of
HCoV detection relative to other shelter sites (Supple-
mental Table 6). HCoV co-detection was common
(18%) with rhinovirus (12%) and influenza B virus (3%)
as the most common.

In this study, 11 participants had repeated HCoV-pos-
itive samples; five had new HCoV infections with a dif-
ferent species and one had a possible repeat infection
with the same HCoV species. Prolonged shedding in
the latter participant could not be excluded (Supplemen-
tal Table 7). Among the five participants with new spe-
cies detection, four had an infection with another HCoV
genus (i.e., alphacoronavirus vs betacoronavirus) with a
time to reinfection range between 5-415 days. One par-
ticipant had both HCoV-229E and HCoV-NLG63 infec-
tions (both alphacoronaviruses) over the study period
which were separated by 142 days. Among the nine par-
ticipants with multiple positive samples for the same
HCoV infection course, the range of total days of detec-
tion was 3-20 days.

There were 76 encounters among unique partici-
pants with only HCoV detected, of which 15 (20%) were
asymptomatic (Table 3). The most common symptoms
overall were runny nose or congestion, cough and sore
throat. Fever or shortness of breath were each only
reported in 16 (29%) symptomatic adult encounters,
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Characteristics All Seasonal human SARS-CoV-2 Other respiratory
coronavirus positive positive virus positive®
Number of Unique Participants, N 3281 90 123 849
Age, years N (%) n (%) n (%) n (%)
Overall, median (range) 37 (0-3-85) 40 (0-9-81) 41 (0-5-83) 30 (0-3-85)
<5 202 (6-2) 6(6-7) 8(6-5) 102 (12:0)
5-11 208 (6-3) 4 (4-4) 10 (8:1) 86 (10-1)
12-17 109 (3-3) 1(1-1) 6(4-9) 40 (4-7)
18-49 1776 (54-1) 45 (50-0) 57 (46-3) 420 (49-5)
50-64 812 (24-8) 28 (31-1) 32(26-0) 174 (20-5)
>65 174 (5-3) 6(6-7) 10 (8-1) 27 (3-2)
Sex
Male 1979 (60-3) 56 (62-2) 74 (60-2) 489 (57-6)
Female 1243 (37-9) 34(37-8) 46 (37-4) 347 (40.9)
Other 16 (0-5) 0 0 2(0-2)
Prefer not to say 43 (1-3) 0 3(24) 11(1-3)
Race
White 1326 (40-4) 41 (45-6) 37 (30-1) 355 (41-8)
Black 1040 (31-7) 33(36-7) 52 (42-3) 275 (32-4)
Asian 116 (3-5) 1(1-1) 1(0-8) 15(1-8)
American Indian or Alaskan Native 129 (3-9) 5(5-6) 4 (3-3) 24 (2-8)
Native Hawaiian or Pacific Islander 150 (4-6) 1(1-1) 6 (4-9) 59 (7-0)
Other 292 (8-9) 5(5-6) 13 (10-6) 50(5-9)
Prefer not to say 228 (7-0) 4(4-4) 10 (8:1) 71(8-4)
Ethnicity
Hispanic 495 (15-0) 13 (14-4) 16 (13-0) 135 (15-9)
Non-Hispanic 2728 (83-2) 76 (84-4) 103 (83-7) 696 (82-0)
Unknown 58(1-8) 1(1-1) 4(3-3) 18 (2:1)
Pregnancy Status Among Women of Child-Bearing Age n=2851 n=19 n=33 n=226
Pregnant 17 (20) 1(5-3) 0 5(2:2)
Not Pregnant 177 (20-8) 16 (84-2) 5915-2) 59 (26-1)
Prefer not to say 657 (77-2) 2(10-5) 28 (85-9) 162 (71-7)
Smoking Status
Current tobacco use 1493 (45-5) 44 (48-9) 43 (35-0) 354 (41-7)
E-cigarette use/Vape 235(15.7) 3(6-8) 7(16-3) 63(17-8)
Underlying Medical Conditions
None 2276 (69-4) 56 (62-2) 92 (74-8) 615 (72-4)
At least one underlying medical condition 1005 (30-6) 34 (37-8) 31(25-2) 234 (27-6)
Neurological disease 76 (2:9) 4(5-0) 2(2:1) 18 (2-5)
Cardiovascular disease 108 (3-3) 2(2-2) 2(1-6) 22 (2:6)
Asthma 431 (13:1) 15(16-7) 9(7-3) 103 (12-1)
Bronchitis 101 (3-1) 3(33) 1(0-8) 24(2:8)
Chronic obstructive pulmonary disease 126 (3-8) 2(2-2) 2(1-6) 36 (4-2)
Hepatic disease 92 (2-8) 1(1-1) 3(2:4) 18 (2-1)
Diabetes mellitus 214 (6-5) 11(12-2) 7(57) 53(6-2)
Immunosuppression 45 (1-4) 2(2-2) 1(0-8) 13(1-5)
Cancer 64 (2:0) 1(1-1) 1(0-8) 17 (2:0)
Other 38(1-2) 1(1-1) 0 10(1-2)
Shelter Staff 567 (17-3) 5(5-6) 17 (13-8) 91 (30-9)
Number of Encounters 14,464 107 133 1329
Table 1: Characteristics of unique shelter participants with and without seasonal human coronavirus detection.
# Other respiratory viruses include adenovirus, human bocavirus, enterovirus, influenza (A, B, C), metapneumovirus, human parainfluenza virus (1-4),
human parechovirus, rhinovirus, and respiratory syncytial virus (A and B).
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Type of shelter Number of Number of Number of Seasonal human coronavirus encounters
total encounters seasonal with species identification (n = 100 encounters)
encounters with viral human

pathogen o HCoV-229E HCoV-NL63 HCoV-HKU1 HCoV-0C43
detection encounters

N 14,464 1569 107 6 24 64 6

Surveillance Testing N (%) N (%) N (%) n (%) n (%) n (%) n (%)

Shelters: Adults and Children 4761 (32-9) 756 (48-2) 29 (27-1) 4 (66-7) 4(16-0) 18 (28-1) 2(33-3)

Shelters: Adults >18 years old 6241 (43-1) 467 (29-8) 53 (49-5) 0 15 (60-0) 32(50-0) 3(50-0)

Shelters: Adults 18-25 years old 1179 (8-1) 120 (7-7) 6(5-6) 2(33:3) 0 4 (6-3) 0

Shelters: Adults > 50 years old 849 (5-9) 103 (6-5) 18 (16-8) 0 6 (24-0) 10 (15-6) 1(16-7)

Surge Testing

Shelters: Adults and Children 318(2-2) 30(1-9) 0 0 0 0 0

Shelters: Adults >18 years old 704 (4-9) 39(2:5) 0 0 0 0 0

Shelters: Adults 18-25 years old 143 (1-0) 11 (0-7) 0 0 0 0 0

Shelters: Adults > 50 years old 269 (1-9) 43 (2-7) 1(0-9) 0 0 0 0

Table 2: Seasonal human coronavirus species among all participant encounters by shelter types.’
@ Percentages listed here are column percentages.

Encounters with seasonal human coronavirus only Encounters where no viral pathogen
among unique participants was detected among unique participants

Adults Children Total Total

>18 years <18 years
Number of Unique Participants, N 68 8 76 2996

n (%) n (%) N (%) n (%)
Asymptomatic 3(19:1) 2(25-0) 15(19-7) 2155(71-9)
Symptomatic® 5 (80-8) 6 61 841
Runny nose or congestion 4 (80-0) 6 (100) 50 (82-0) 533 (63-4)
Cough 9 (70-9) 4 (66-7) 43 (70-5) 465 (55-3)
Sore Throat 0 (54-6) 4 (66-7) 34 (55-7) 288 (34-2)
Fatigue 5 (45-5) 1(16-7) 26 (42-6) 311 (37-0)
Myalgias 23 (41-8) 0 23(37-7) 298 (35-4)
Headaches 21(38-2) 1(16-7) 2 (36-1) 293 (34-8)
Subjective Fevers 16 (29-1) 0 16 (26-2) 193 (23-0)
Shortness of breath 16 (29-1) 0 16 (26-2) 141 (16-8)
Sweats 13 (23-6) 0 3(213) 163 (19-4)
Nausea or vomiting 15 (27-3) 0 15 (24-6) 182 (21-6)
Chills 10(18-2) 0 10 (16-4) 190 (22-6)
Diarrhoea 6(10-9) 0 6(9-8) 126 (15-0)
Rash 5(9:1) 0 5(8-2) 56 (6-7)
Ear pain or discharge 3(5-5) 0 3(49) 53(6-3)
Loss of taste or smell 0 of 42 people 0 of 4 people 0 of 52 people 6 of 628 people

surveyed surveyed surveyed surveyed (1-0)
Influenza-like lliness 13 (23-6) 0 13(21:3) 148 (17-6)
COVID-19-like lliness 13 (23-6) 0 13 (21-3) 133 (15-8)
Table 3: Symptoms among unique participants with only seasonal human coronavirus detection.’

# Symptoms calculated among n = 76 encounters among unique participants where seasonal human coronavirus was the only virus detected in the sample;
instances in which an individual was enrolled with multiple encounters, symptoms reported from their first positive seasonal human coronavirus was included
in this table.

> Symptoms are calculated out of total symptomatic participants.
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Figure 1. Seasonal human coronavirus species among homeless shelter participants — October 2019 to May 2021."
TAmong the 107 seasonal human coronavirus samples, the species was determined for n = 100 samples including one sample

with both HCoV-HKU1 and HCoV-NL63.

with 25% of adult participants reporting shortness of
breath also reporting a history of lung disease. Both ILI
(13 (24%)] and CLI [13 (24%)] symptoms were reported
among symptomatic adult encounters where only
HCoV was detected with 11 (20%) encounters fulfilling
definitions for both ILI and CLI. Although these percen-
tages were higher than unique symptomatic adult par-
ticipants without any virus detected, the difference was
not statistically significant (ILI p = 0-24; CLI p = o-12).
HCoV was the only virus detected in 11% of virus-posi-
tive samples from participants reporting ILI and 11% of
those reporting CLI symptoms.

Coronavirus species was determined for 100 (93%)
of 107 HCoV-positive specimens: 63 HCoV-HKU1 only,
24 HCoV-NLG63 only, six HCoV-229E only, and six
HCoV-OC43 only (Figure 1). Co-detection of HCoV-
HKU1 and HCoV-NL63 was identified in one sample.
Genome sequencing was completed on 54 of 62 HCoV-
positive specimens (Supplemental Figure 4 A-E). Eight
specimens had insufficient amplification; one had
insufficient RNA and seven generated poor quality
genomes (>50% missing data), one sample had missing
data at about 25% of genomic sites, while the remaining
genomes all had <15% missing data (50 had <10%
missing data). Coronavirus species was determined for
all 54 samples with genome sequence data: 33 (52%)
HCoV-HKUT1, 12 (22%) HCoV-NLG3, five (9%) HCoV-
0C43, and four (7%) HCoV-229E. HCoV-HKUT viruses
were sub-divided into three genotypes, A, B, and C.>°
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Of the 33 sequenced HCoV-HKUT1 specimens, five were
genotype A (HCoV-HKU1A) and 28 were genotype B
(HCoV-HKU1B). A maximum likelihood phylogenetic
tree including these 54 genomes and the four HCoV
species reference genomes is shown in Figure 2.

Six participants had >1 sequenced specimen (15
genomes total); the remaining 39 genomes are from
unique participants. We used a subset of 47 unique
genomes originating from ten different shelters. For
the HCoV-HKU1A, HCoV-HKU1B, and HCoV-OC43
species, all shelter genomes formed a single clade
within their respective trees with good bootstrap sup-
port (100%, 100%, and 98%, respectively). For species
HCoV-NL63 and HCoV-229E, the majority of shelter
genomes (nine of 11 and two of three, respectively) clus-
tered together with high bootstrap support (both 100%).

For HCoV-HKU1B, there were eight genomes from
shelter L, six from E, three from M, three from O, and
two from C. Two samples from shelter L cluster
together with good bootstrap support (97%, Supple-
mental Figure 4A). Otherwise, there was no clear clus-
tering by shelter among the HCoV-HKU1B samples.
Among the nine HCoV-NLG3 shelter genomes that
form the main cluster, there were three from shelter M
and two from O. The three shelter M genomes clustered
together with one O genome (98% support) (Supple-
mental Figure 4B). Similarly, the four HCoV-HKUIA
genomes from shelter F clustered together with good
support (only four single nucleotide changes
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Figure 2. Phylogenetic tree of seasonal human coronaviruses in homeless shelters — King County, Washington.

distinguish these four genomes and two were identical,
Supplemental Figure 4C) as do the two HCoV-OC43
genomes from shelter G (Supplemental Figure 4D).

All but one sequenced HCoV-HKUT1 specimen iden-
tified prior to the pandemic were HCoV-HKU1B, while
all identified during the pandemic were HCoV-HKUIA
(although the latter are the four closely related genomes
from shelter F). Among four HCoV-HKUIA genomes
identified during the pandemic, all were distinct from
the one “pre-pandemic” genome. Two identical HCoV-
HKUIA shelter F genomes from April 2021 differed by
two and four single nucleotide changes, respectively,
from the two collected in May 2021. Two HCoV-OC43
genomes from May 1, 2021, and May 20, 2021, formed
their own clade within the HCoV-OC43 shelter group
(from the same shelter) and the two HCoV-229E
genomes (from different shelters) both collected on
May 28, 2021, clustered separately from the one pre-
pandemic genome.

Discussion

Our study of HCoV epidemiology is among the few
studies on respiratory viral epidemiology in homeless
shelters.”" We detected HCoV in 0-7% of all specimens
and 7% of virus-positive specimens, with a marked
decrease in HCoV during the spring of 2020, coincid-
ing with COVID-19 pandemic community-wide mitiga-
tion measures. There was a higher proportion of HCoV
detection among adults than children throughout the
study period. HCoV-HKUT1, a betacoronavirus in the
same genus as SARS-CoV-2, remained the predominant
species before and after the start of the COVID-19 pan-
demic. Our findings highlight that HCoV species circu-
late among people of all ages residing in congregate

settings such as homeless shelters and that pandemic-
associated mitigation measures may have had an effect
on HCoV circulation. These findings may provide epide-
miologic data to guide control measures for HCoVs.

Older adults, especially those who reside in congre-
gate settings, constitute an underappreciated high-risk
demographic with a disproportionate burden of HCoV
infections. In a study of symptomatic nursing home res-
idents, HCoV was the most common infection detected
over three influenza seasons.”” Another study in Bel-
gium, HCoV was most commonly found in the >G5
year age-group and children aged <5 years among hos-
pitalised patients." Of hospitalised adults, 34% experi-
enced in-hospital complications or died; many of whom
had underlying medical risk factors." The burden of
HCoV infections in children has been well-studied
and our study adds to the growing body of adult HCoV
literature. We found that shelter age-group differences
of HCoV proportions were most pronounced when cal-
culated as a percentage of virus-positive samples and
less so when these proportions are calculated with sam-
ples from all encounters. This may be due to a greater
burden of non-infectious causes of symptoms in the
older shelter participants that prompted individual
enrolment in the study. As such, the burden of HCoV
infections in older shelter participants was more appar-
ent when virus-negative samples were excluded.

HCoV symptoms were mild in the shelter partici-
pants we studied; however, in other studies where the
focus was on patients seeking medical care, symptom
profiles have varied. In one multi-year study of hospital-
ised patients with HCoV infection, fever, cough and dys-
pnoea were the most common symptoms in adults.*
Our study found that rhinorrhoea, cough and sore
throat were the most commonly reported symptoms in
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either children or adults, although direct comparison of
other studies is limited given the differences in study
population, > differences in inclusion criteria*® and a
lack of age-group symptoms differentiation.**® Our
expanded symptom inclusion criteria allowed for a
more complete characterisation of symptoms including
those who are pauci-symptomatic and asymptomatic.
For example, we found that one in five participants with
HCoV reported no symptoms at the time of enrolment.
Whether these individuals were asymptomatic, pre-
symptomatic or post-symptomatic is not known as par-
ticipants were not longitudinally followed. These indi-
viduals also illustrate a possible transmission risk in
congregate settings especially if mitigation efforts are
based solely on symptoms.

The recognition of HCoV burden across the age
spectrum and the use of molecular testing in commu-
nity respiratory viral surveillance has facilitated an
improved understanding of HCoV burden at the
local,*®*7 regional*® and national levels.*® Our study
offers a unique look at HCoV detection before and dur-
ing the COVID-19 pandemic in homeless shelters.
Notably, the detection of HCoV in the shelter popula-
tion peaked before the detection of the first SARS-CoV-
2 infection in the US and quickly tapered coinciding
with community-wide mitigation interventions with
HCoV-HKU1 predominating throughout the study
period. Decreasing cases may be because of multiple
factors including seasonality, viral interference’® and
non-pharmaceutical public health interventions. These
patterns of respiratory virus circulation from 2019-2021
mirror the trends in HCoV observed in SFES, a commu-
nity-wide surveillance study of respiratory pathogens®”
and a county level surveillance study in California.*®
Despite consistent participant enrolment throughout
the summer months, HCoV was not detected again
until January 2021, a delay compared to the previous
year. The US National Respiratory and Enteric Virus
Surveillance System (NREVSS), a passive surveillance
network, provides regional and national surveillance of
HCoV.?? NREVSS data similarly showed a decline of
HCoV from April 2020 onward but steady increases in
HCoV detection the following year varied by region and
HCoV species.”® These combined surveillance efforts
help characterize HCoV circulation and may inform
nuanced local timing of public health interventions in
specific settings of high-risk individuals.

Genomic sequencing revealed that HCoV infections
were due to a diverse virus population with HCoV-
HKU1 predominating in this study. Whether this spe-
cies-level pattern reflects community circulation is not
known. Community-based studies suggest that species
predominance changes by year.**® Most shelters where
HCoV detection occurred experienced infections due to
more than one species, suggesting that >1 introduction
event occurred. However, among viruses of the same
species, genomes from the same shelter were often
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more related to one another than to other shelter
genomes. This may suggest some cases of intra-shelter
viral spread rather than new introductions of closely
related viruses. The exception to this observation was
the prevalence of HCoV-HKU1B viruses. While HCoV-
HKUI1B viruses collected in this study could be distin-
guished from viruses with genomes in GenBank, there
was very little clustering within this clade. This may be
the result of recombination among HCoV-HKUi1B
viruses circulating locally.*

Finally, although few HCoVs were identified during
the pandemic, there was limited evidence of a change in
circulating HCoV species after the start of the COVID-
19 pandemic. HCoV-HKU1B and HCoV-NLG3 viruses
were not observed among sequenced HCoV specimens
detected after January 2021, although we do not have
species or genome sequence level data for all cases.
Also, HCoV viruses identified during the pandemic
either formed their own clusters within clades formed
by shelter samples (HCoV-HKU1A, HCoV-OC43) or pre
and during pandemic shelter sequences formed their
own separate clusters (HCoV-229E). From a genomic
perspective, these shelter data suggest a greater similar-
ity between viruses clustered by time rather than geo-
graphic origin. These observations further lend support
to the fact that HCoV species predominance and geno-
mic diversity may change by location and season.

Limitations

Our study was subject to several limitations. First,
although attempts were made to make enrolment acces-
sible to all residents at shelter sites, selection bias may
have occurred as participation in the study was based on
self-enrolment. Second, it is likely those who were
asymptomatic or minimally symptomatic were underes-
timated earlier in the study until enrolment criteria
expanded after April 1, 2020. Third, we were unable to
describe illness course or clinical outcomes associated
with HCoV. Fourth, the linking of multiple enrolment
encounters by unique participant was limited despite
associating encounters by participant name and birth-
date. Fifth, we did not have community HCoV species-
level or genomic data to make a direct comparison
between shelter and surrounding community epidemi-
ology. Sixth, our custom arrayed RT-PCR panel did not
include human bocavirus or human parechovirus dur-
ing the latter part of the study and may have missed
detection of these viruses (Supplemental Table 2). Sev-
enth, we did not collect data on the overall number of
residents or staff at each shelter site. Eighth, we were
unable to account for geographic clustering of individu-
als within individual shelters. Lastly, shelter specific
mitigation efforts were not systemically collected,
although masking, crowding reductions, and movement
of residents to single rooms were part of the citywide
mitigation strategy in congregate settings. Future
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studies evaluating non-pharmaceutical mitigation
efforts in homeless shelters would provide important
data for public health mitigation interventions.

Our study shows that HCoV circulated among home-
less shelter residents before and during the COVID-19
pandemic and may be an underappreciated contributor
of respiratory viral infections in older adults. Just as
older age-groups are the focus of vaccination campaigns
in other vaccine-preventable infections, including influ-
enza and SARS-CoV-2, targeted public health surveil-
lance and interventions where older adults reside may
be required to mitigate infection in this vulnerable age-
group. The implementation of community-wide mitiga-
tion measures was associated with a delayed detection
of HCoV in the second year of the study. Additional con-
gregate-setting-based community studies would help to
understand the epidemiology of endemic respiratory
viruses, especially among those who bear a significant
burden of infection.
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