SYNOPSIS

Clinical and Genomic Epidemiology
of Coxsackievirus A21 and
Enterovirus D68 in Homeless
Shelters, King County,
Washington, USA, 2019-2021

Sarah N. Cox, Amanda M. Casto, Nicholas M. Franko, Eric J. Chow, Peter D. Han, Luis Gamboa,
Brian Pfau, Hong Xie, Kevin Kong, Jaydee Sereewit, Melissa A. Rolfes, Emily Mosites,
Timothy M. Uyeki, Alexander L. Greninger, Marco Carone, M. Mia Shim, Trevor Bedford,
Jay Shendure, Michael Boeckh, Janet A. Englund, Lea M. Starita, Pavitra Roychoudhury, Helen Y. Chu

[ 3
i
S
&4
SOINTLY ACCREDITED PROVIDER™
e R AR, ==
PETERPIOSETIONAL LOMTAG EOUTATII

Medscape CME Activity

In support of improving patient care, this activity has been planned and implemented by Medscape, LLC and Emerging Infectious
Diseases. Medscape, LLC is jointly accredited with commendation by the Accreditation Council for Continuing Medical Education (ACCME),
the Accreditation Council for Pharmacy Education (ACPE), and the American Nurses Credentialing Center (ANCC), to provide continuing
education for the healthcare team.

Medscape, LLC designates this Journal-based CME activity for a maximum of 1.00 AMA PRA Category 1 Credit(s}™. Physicians should
claim only the credit commensurate with the extent of their participation in the activity.

Successful completion of this CME activity, which includes participation in the evaluation component, enables the participant to eam up to
1.0 MOC points in the American Board of Internal Medicing's (ABIM) Maintenance of Certification (MOC) program. Participants will eam MOC
points equivalent to the amount of CME credits claimed for the activity. It is the CME activity provider's responsibility to submit participant
completion information to ACCME for the purpose of granting ABIM MOC credit.

All other clinicians completing this activity will be issued a certificate of participation. To participate in this journal CME activity: (1) review
the learning objectives and author disclosures; (2) study the education content; (3) take the post-test with a 75% minimum passing score and
complete the evaluation at hitp://www.medscape.org/journalieid; and (4) view/print certificate. For CME questions, see page XXX

NOTE: It is Medscape's policy to avoid the use of Brand names in accredited activities. However, in an effort to be as clear as possible,
trade names are used in this activity to distinguish between the mixtures and different tests. It is not meant to promote any particular product.

Release date: October 22, 2024; Expiration date: October 22, 2025

Learning Objectives

Upon completion of this activity, participants will be able to:
= Analyze the prevalence of enterovirus infection among persons experiencing homelessness
=« Assess risk factors for enterovirus infection among persens experiencing homelessness
- Distinguish the clinical presentation of coxsackievirus A21 infection among persons experiencing homelessness
» Evaluate results of environmental testing for viruses in homeless shelters
CME Editor

Jude Rutledge, BA, Technical Writer/Editor, Emerging Infectious Diseases. Disclosure: Jude Rutledge, BA, has no relevant financial
relationships.

CME Author

Charles P. Vega, MD, Health Sciences Clinical Professor of Family Medicine, University of California, Irvine School of Medicine, Irvine,
Califomia. Disclosure: Charles P. Vega, MD, has the following relevant financial relationships: served as consultant or advisor for Boefiringer
Ingelheim; GlaxoSmithKline.

Authors

Sarah N. Cox, MSPH; Amanda M. Casto, MD, PhD; Nicholas M. Franko, BS; Eric J. Chow, MD, MS, MPH; Peter D. Han, MS; Luis
Gamboa, BSe; Brian Pfau, BS; Hong Xie, BSc (Medicine), MSc; Kevin Kong, BSc; Jaydee Sereewit, MSc; Melissa A. Rolfes, PhD,
MPH; Emily Mosites, PhD, MPH; Timothy M. Uyeki, MD; Alexander L. Greninger, MD, PhD, MS, MPhil; Marco Carone, PhD; M. Mia
Shim, MD, MPH; Trevor Bedford, PhD; Jay Shendure, MD, PhD; Michael Boeckh, MD, PhD: Janet A. Englund, MD; Lea M. Starita,
PhD; Pavitra Roychoudhury, MSc, PhD; Helen Y. Chu, MD, MPH.

2250 Emerging Infectious Diseases « www.cdc.gov/eid » Vol. 30, No. 11, November 2024




Congregate homeless sheliers are disproportionately af-
fected by infectious disease outbreaks. We describe entero-
virus epidemiology across 23 adult and family shelters in
King County, Washington, USA, during October 2019-May
2021, by using repeated cross-sectional respiratory illness
and environmental surveillance and viral genome sequenc-
ing. Among 3,281 participants >3 months of age, we identi-
fied coxsackievirus A21 (CVA21) in 39 adult residents (3.0%
[95% Cl 1.9%4.8%] detection) across 7 shelters during
October 2019-February 2020. We identified enterovirus
D68 (EV-D68) in 5 adult residents in 2 shelters during Octo-
per-November 2019. Of 812 environmental samples, 1 was
EV-DB8-positive and 5 were CVAZ 1-positive. Other entero-
viruses detected among residents, but not in environmental
samples, included coxsackievirus AB/A4 in 3 children. No
enteroviruses were detected during April 2020-May 2021.
Phylogenetically clustered CVA21 and EV-DEB cases oc-
curred in some shelters. Some shelters also hosted multiple
CVA21 lineages.

Enteroviruses are responsible for =10-15 million
symptomatic illnesses in the United States an-
nually; however, epidemiologic surveillance and ge-
netic characterization of many enterovirus subspecies
is limited (1-3). Coxsackievirus A21 (CVA21), discov-
ered in 1947, and enterovirus D68 (EV-D68), discov-
ered in 1962, can cause illnesses ranging from cold-
like symptoms to difficulty breathing and wheezing
(2,4,5-9). In recent years, interest and awareness of
EV-D68 has grown because of temporal and geo-
graphic associations of outbreaks with clusters of
acute flaccid myelitis in children (4,5). No specific
treatments or vaccines are available for nonpolio en-
teroviruses (4), and the pathogenesis of the infections
remain poorly understood (10). A need exists for phy-
logeographic epidemiology to define genomic varia-
tion and genetic changes over time and to determine
transmission patterns in the community (5,11,12).
Persons experiencing homelessness are at in-
creased risk for infectious diseases and complications,
such as influenza, COVID-19, and hepatitis A (13,14).
The risk for acquiring infections is considerably high-
er for those who live in congregate shelters because
of challenges with overcrowding, maintaining physi-
cal distance, poor ventilation, and sharing of hygiene
facilities (15-18). To our knowledge, minimal data are

Coxsackievirus and Enterovirus, Washington, USA

available to describe enterovirus transmission among
persons experiencing homelessness.

Our study aimed to characterize the epidemiol-
ogy of nonrhinovirus enteroviruses through nasal
swab specimens and environmental samples col-
lected from homeless shelters across King County,
Washington, USA, during 2019-2021. We used ge-
nomic sequencing to describe the molecular diversity
of enteroviruses within and across shelter sites.

Materials and Methods

Study Design and Population

We retrospectively analyzed cross-sectional respira-
tory virus surveillance data collected during October
1, 2019-May 31, 2021, across 23 homeless shelters in
King County, which includes the city of Seattle. As
previously described, the Seattle Flu Study institut-
ed active routine surveillance through staffed shel-
ter kiosks (19,20). Study enrollment was open to resi-
dents >3 months of age reporting new or worsening
cough alone or onset of >2 other acute respiratory
illness symptoms in the previous 7 days, including
subjective fever, sore throat, rhinorrhea, shoriness
of breath, headache, and myalgias. Symptom cri-
teria also included diarrhea, rash, and ear pain or
discharge for children <18 years of age. Persons
who did not meet the symptom requirements were

allowed to enroll and submit a nasal swab sampteSpEC! T

while asymptomatic up to once a month for shelter
surveillance (i.e., inclusion criteria were broadened
to allow a person to participate >1 time per month
even if asymptomatic). Beginning April 1, 2020, eli-
gibility expanded to all residents and staff regard-
less of symptoms as a result of the SARS-CoV-2 re-
sponse (19). Nine shelters participated in the study,
which included both participant and environmental
testing, before the COVID-19 pandemic (October
2019-March 2020). An additional 14 shelters joined
the study during April 2020-May 2021 but only for
participant testing because of the need to shift re-
sources toward identification and isolation of per-
sons with SARS-CoV-2 infection.

We obtained written consent from participants
>18 years of age or from a guardian for children <18
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years of age; we obtained assent from participants 13-
17 years of age. We offered $5 gift cards to compensate
participants for their time. This study was approved
by the Human Subjects Division of the University of
Washington Institutional Review Board (approvalno.
STUDY00007800). }ﬁi
Data Collection

Study staff recruited participants at each shelter site
3-6 days per week. All participants completed a
questionnaire on an electronic tablet and submitted
a nasal swab specimen at each enrollment. Question-
naires were stored in Research Electronic Data Cap-
ture (https:/ / www.project-redcap.org) and included
information on current symptoms, shelter site, and
demographics.

We collected respiratory specimens by using
idturbinate sterile nylon flocked nasal swabs (He-
; Copan Diagnostics) during October 1, 2019~
uly 22, 2020, and then subsequently during Novem-
ber 1, 2020-May 31, 2021. During July 22-November
1, 2020, we briefly used anterior nares swabs (US

Cotton; SteriPack) because of supply change resource
limitations. Given the spread of SARS-CoV-2, we

}Q@me:%mgﬁg;mdy
staff-supervised self-collected swa . We
ég‘\w‘r}shared visual guides with participants before speci-
men collection to demonstrate self-swabbing.
We collected environmental samples weekly from
9 homeless shelters during November 20, 2019-April
10,2020. We adapted collection methods described by
Bailey et al. (21). With residents present, study staff
swabbed a 10-cm? area of selected high-touch surfaces
(e.g., kitchen counters, front desk, doors, and entrance
and restroom doors) by using Berkshire Lab-Tip 1255
swabs. We collected bioaerosol samples for 60 min-
utes in high-traffic areas by using an SKC QuickTake
30 air pump with ambient air pumped through Mil-
lipore filter papers. We stored all collected samples
in Universal Transport Medium (Copan Diagnostics)
and transported on ice.

ot

s

Multiplex PCR Testing et

We tested nasal swabénd environmental samples
by using a multiplex reverse transcription PCR plat-
form (Open Array, Lhermofisher Scientific) for 28
viral respiratory pathogen targets, including pan-
enterovirus, EV-D68, rhinovirus, influenza viruses
(A, B, C), respiratory syncytial viruses (A and B),
human parainfluenza viruses (1-4), human coro-
naviruses, human bocavirus, human parechovirus,
human metapneumovirus, adenovirus, and SARS-
CoV-2 (from specimensEollected beginning January

pned S@wm{fles
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1,2020). We generatgd a relative cycle threshold (Ct)
value for each resuft.
We identified/positive or inconclusive enterovi-

using a relative Ct value of <28 as provided by the
manufacturer. Because the enterovirus probe can pro-
duce a false-positive test result on a sample with high
rthinovirus amplification, laboratory staff reviewed

all swab[Samples initially positive on enterovirus-
specific primers and evaluated them on the basis of
the degree of enterovirus amplification, enterovirus
relative Ct values, and degree of rhinovirus amplifi-
cation. Finally, we attempted sequencing on all posi-
tive or inconclusive enterovirus swabs identified by
PCR to confirm enterovirus positivity and subtype.

Genomic Sequencing and Analysis

To identify viral species and genotypes present in
enterovirus-positive swabs, we performed sequenc-
ing with enrichment for respiratory viruses using
a commercially available panel of capture probes
that covered multiple enteroviruses. We attempted
whole-genome sequencing on all specimens and envi-
ronmental samples that were positive or inconclusive
for either the pan-enterovirus or EV-D68 targets. In
our process, we converted extracted RNA to double-
stranded cDNA, purified by bead cleanup, enzymati-
cally fragmented, end-repaired, amplified, indexed,
and purified again by using the QIAseq FX DNA Li-
brary Kit (QIAGEN, https:/ /www.qiagen.com). We
performed hybridization capture by using the QIA-
seq xHYB Viral Respiratory Panel (QIAGEN) after
pooling libraries by sample relative Ct values. After
overnight hybridization with biotinylated probes and
subsequent washing to remove unbound fragments,
we amplified the enriched libraries and purified them
by using bead clean-up. We sequenced the resulting
libraries on Illumina NovaSeq 6000 or NextSeq 2000
instruments by using a 2 x 150 read format. We gen-
erated consensus genomes by using a custom bioin-
formatic pipeline described previously (Appendix,
https:/ /wwwnc.cde.gov/EID/article/30/11/24-
0687-Appl.pdf) (22).

We categorized specimens and samples as en-
terovirus-positive when they were positive or incon-
clusive by PCR and were sequence-confirmed as cox-
sackievirus or enterovirus. We considered any other
sequence-confirmed viruses as enterovirus-negative
and grouped them with swabs identified as other re-
spiratory virus (ORVﬂpositive through PCR testing.
We defined enterovifis unknown as any swabs that
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were initially identified as positive or inconclusive
for pan-enterovirus or EV-D68 through PCR but were
unable to be sequenced.

Computational Analysis

We analyzed demographic, symptom, respiratory vi-
rus, and environmental data descriptively by using R
version 4.3.2 (The R Project for Statistical Computing).
We linked multiple enrollments (i.e., encounters) from
the same participant by name, date of birth, and sex,
as previously described (18). We summarized entero-
virus results by shelter type and highlighted shelter
outbreaks with >5 enterovirus cases. We determined
the frequency of enterovirus detection among shelter
participants by dividing the number of sequence-
confirmed positive specimens by the total number of
participant encounters overall and during viral circu-
Jation. We used an intercept-only Poisson regression
model fitted using generalized estimating equations
to obtain robust SE estimates and 95% Cls, accounting
for clustering by shelter site. We used NextStrain soft-
ware to process consensus genomes and to generate

A
~
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and visualize phylogenetic trees (23). We calculated
bootstrap values using 1Q-TREE version 1.6.12 (24).
In addition to the consensus genomes generated for
this study (Appendix Table 1), we downloaded and
included in our analyses full-length CVA21 and EV-
D68 genomes available from GenBank.

Results

Participant Surveillance
During October 1, 2019-May 31, 2021, we collected
14,464 nasal swab specimens from 3,281 unique par-
ticipants (22% staff, 78% residents) across 23 home-
less shelters (Appendix Table 2, Figure 1). Swabs
from children <18 years of age constituted 14% of all
specimens collected.

PCR testing identified 83 participant specimens
on either the pan-enterovirus (n = 73) or EV-D68 (n
= 46) PCR targets. Upon sequencing, we found 55
confirmed enterovirus-positive specimens among
47 symptomatic shelter residents during October 3,
2019-March 6, 2020 (Figures 1, 2; Appendix Tables

A B Coxsackievirus A21 positive
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Figure 1. Nasal swab specimens (A) and enterovirus detection (B) in homeless shelters, King County, Washington, USA, October 2019~
February 2020. Detection frequency represents a 7-day rolling average. No coxsackievirus A21-positive or enterovirus D68-positive

specimens were detected during March 2020-May 2021.
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Figure 2. Unigue participants with coxsackievirus A21 infection, by homeless shelter site, King County, Washington, USA, October

2019-February 2020.

2-4). We detected no enterovirus-positive specimens
among shelter staff eligible to participate during
April 2020-May 2021. Compared with episodes with
enterovirus-negative specimens, episodes with en-
terovirus-positive specimens were associated with an
older median age and being male, being a current to-
bacco smoker, experiencing chronic homelessness (>1
year), and having underlying conditions (Appendix
Table 2). Although the difference in age was attenu-
ated when comparing specimens restricted to enroll-
ment during October 2019-March 2020, other differ-
ences remained even after the expansion of eligibility
during April 2020-May 2021 (Appendix Tables 3, 4).

We identified cases of CVA21 (n = 39) and EV-D68
(n=>5) among adults and CVA6 (n=2) and CVA4 (n=1)
among children. Six residents fested CVA21-positive at
2 different timepoints, with a median of 9 days between
positive tests (range 2-26 days). Two EV-Dé68-positive
residents tested positive at 2 different timepoints (me-
dian 14 days, range 2-26 days). Four coxsackievirus-
positive residents had rhinovirus co-detected.

The median age of CVA21-positive persons was 47
years (range 23-72 years). Most (90%) were male; 41%
identified as White and 21% as Black/ African-Amer-
ican (Appendix Table 2). The most commonly report-
ed signs or symptoms of CVAZ21 infection included
runny nose (85%) and cough (67%) (Figure 3; Appen-
dix Tables 2, 5). Among the 39 unique persons with
CVA21 infections, 51% (n = 20) reported a symptom
or symptoms that prevented daily activity (Figure

2254

3; Appendix Tables 5, 6). Half of the persons with
CVA21 or EV-D68 indicated that their illness affected
socialization, followed by those indicating that their
illness affected their ability to take care of themselves
or their family (36%), exercise (32%), and work (30%).
Although 4 CVA21-positive persons sought care at a
doctor’s office or an urgent care setting, most (69% of
persons with CVA21, 80% of persons with EV-D68)
did not seek any medical care (Appendix Table 6).
Overall, CVA21 detection among all participant
encounters was 0.3% (45/14,464 [95% CI10.2%-0.5%])
during October 2019-May 2021 and 3.0% (45/1,485
[95% CI 1.9%-4.8%]) during viral circulation dur-
ing October 2019-February 2020 (Figure 1; Appen-
dix Table 7). Although we detected CVA21 across 7
shelter sites (Figure 1; Appendix Table ¥, oSt cases
occurred in outbreaks at 2 large adult shelters: 19 at
mixed-gender shelter L with adults >18 years of age
(October 10, 2019-January 10, 2020) (Figure 2; Video
1, https://wwwnc.cde.gov/EID/article/ 30/ 11/ 24~
0687-V1.htm) and 10 at all-male shelter M with older
adults >50 vears of age (October 3, 2019-January 27,
2019) (Figure 2; Video 2, https://wwwnc.cdc.gov/
EID/article/30/11/24-0687-V2 him).

Environmental Surveillance

Of 812 environmental swabs, we identified 18 on the
pan-enterovirus (n==8) or EV-D68 (n =17) PCR targets,
and we sequence-confirmed 6 as CVA21 (n =5) or EV-
D68 (n =1) (Appendix Tables 8, 9, Figure 2). Detection
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of enterovirus-positive environmental swabs oc-
curred during November 20, 2019-March 12, 2020,
across 3 shelters, all which also had resident cases de-
tected. Most CVA21-positive environmental samples
(n=3) were detected at shelter L, which had the larg-
est outbreak of cases among residents (Video 1). De-
spite having 10 unique CVAZ21-positive cases and 4
EV-Dé68-positive cases among its residents, the older
adult male shelter (M) did not have any environmen-
tal samples that tested enterovirus-positive (Video 2).
Surfaces where CVA21 was detected included bath-
room doors and the front desk. We detected only 1
sequence-confirmed EV-D68-positive environmental
sample from a bathroom door. We detected other vi-
ruses in environmental samples through PCR targets
more frequently than enteroviruses; the highest rate
of detection was for rhinovirus on children’s play-
room table (36%, n = 10), front desk (25%, n = 23), and
restroom doors (23%, n = 31) (Appendix Table 9). En-
vironmental surfaces tested consisted of plastic, For-
mica, or metal (Appendix Figure 3). None of the 99
bioaerosol samples tested were positive for enterovi-
rus or another respiratory virus (Appendix Table 9).

Any signs or symptoms |
Runny nose |8
Cough}

Sore throat |
Muscle/body aches |
Headache

Fatigue
Nausea/vomiting |
Chills |

Sweats |

Fever}

Trouble breathing|

Signs or symptoms reported at first
positive specimen collection

Diarrhea

Coxsackievirus and Enterovirus, Washington, USA

Genomic Analysis

Because positive environmental samples may repre-
sent mixtures of viruses from multiple shelter resi-
dents or staff, we focused our genomic analysis on
sequenced species from unique participants (Appen-
dix Table 8). We collected all EV-D68 genomes from 5
unigque participants during a 3-week period (October
10-31, 2019) from 2 shelters, L (n =1) and M (n = 4).
These formed a single cluster among 1,032 publicly
available EV-D68 genomes downloaded from Gen-
Bank (Figure 4); specimens from shelter M did not
cluster separately from the specimen from shelter L.
All 5 genomes were of EV-D68 clade A2 and among
the genomes from GenBank were most closely related
to 2 genomes (GenBank accession nos. OR230417 and
OR230423) collected in the United States in 2020. The
environmental EV-D68 sample also was clade A2 but
did not cluster with the participant specimens among
the GenBank genomes (Appendix Figure 4).

All CVAZ21 genomes from 39 unique participants
across 7 shelters formed a single phylogenetic cluster
among 29 publicly available CVA21 genomes down-
loaded from GenBank (Figure 5, panel A). The study

#§ Sign or symptom
prevents daily activity

% Sign or symptom does
not prevent daily activity

0 25

50 75
% Participants

100

Figure 3. Signs or symptoms reported at specimen collection and effect on daily activity among adult homeless shelter residents
with confirmed coxsackievirus A21 infection (n = 39), King County, Washington, USA, October 2019-January 2020. One person with
coxsackievirus A21 infection was presymptomatic on initial encounter (first positive specimen collection) but symptomatic an subsequent

encounter (second positive specimen collection).

Emerging Infectious Diseases « www.cdc.gov/eid = Vol. 30, No. 11, November 2024

2255



SYNOPSIS

Shelter site
B A (female, 218Yy)

7 B (mixed gender, >18y)
0 C (mixed gender, 18-25vy)
' D (mixed gender, all ages)
8 r{male,218vy)

21 L (mixed gender, >18 y)

1 M (male, 250)

ene=7) ORZ30417

(O OR230423

B3

0 200 400 600

800

1,000 1,200 1,400 1,600

Mutations

Figure 4. Phylogenetic tree of sequenced enterovirus D68 specimens of homeless shelter residents, King County, Washington, USA,
October 2019-November 2019. Tips representing study specimens are colored according to shelter. Light gray tips represent enterovirus
D58 genomes downloaded from GenBank. Inset shows a detailed view of the relationship among the study genomes. The x-axis
represents the number of nuclectide changes in the genome relative to an enterovirus DB8 reference genome (GenBank accassion no.

NC_038308.1)

genomes fall within CVA21 cluster I (9,25) and are
mostly closely related to a genome collected in Ne-
pal in 2017 (GenBank accession no. MZ396299). We
observed some clustering by shelter (Figure 5, panels
B, C) and instances of identical genomes at the same
shelter. The mean pairwise genetic distances between
specimens from the same shelter were lower than
those from different shelters; however, this difference
was not statistically significant (p = 0.0927 by analy-
sis of variance) (Appendix Table 10). We observed
no shelters with >2 sequenced participant specimens
where all shelter genomes formed a single phyloge-
netic cluster and, among sequence clusters with >90%
bootstrap support, we observed both single and mul-
tiple shelter groups. We also noted instances where
>1 viral lineage of CVA21 appeared to be circulating
at the same shelter at the same time (e.g., shelter M in
October 2019). Finally, we observed an association be-
tween time of specimen collection and viral genotype
given that all 6 specimens collected in 2020 formed a
single cluster. Phylogenetic trees including the 5 se-
quenced environmental CVA21 samples (Appendix
Figure 3) illustrate that 4 of 5 environmental samples

2256

were closely related to other specimens from the
same shelter. The other sample from shelter L was not
closely related to any other sequenced shelter speci-
mens and, given its position in the tree, might repre-
sent a mixture of viral genotypes observed among the
CVAZ21 shelter specimens.

We visualized the single sequenced CV A4 speci-
men in a phylogenetic tree among publicly available
CV A4 genomes (Appendix Figure 6); the most closely
related GenBank genome was collected in Tennessee
in April 2015 (GenBank accession no. KY271949). The
2 sequenced CVA6 specimens cluster together among
publicly available CVA6 genomes (Appendix Figure
7). The GenBank genome most closely related to these
strains was collected in France in 2018 (GenBank ac-
cession no. MT814570).

Discussion

Our study characterizes the epidemiology of entero-
viruses among persons experiencing homelessness
by using respiratory specimen and environmental
surveillance from a community-based shelter setting
(14). Given the increased risk for infectious disease
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transmission in congregate shelters and heightened
potential for complications because of underlying
conditions in many residents, understanding entero-
virus epidemiology to prevent and support shelters
during outbreaks is important. We detected CVA21
in 3% of all participant specimens tested among
King County shelters during October 2019-Febru-
ary 2020, which falls within the range of findings
in other global studies (<0.1%-57.0%) (9,26,27). De-
tection of EV-D68 in the shelters in 2019 is aligned
with recent studies in Europe that found upsurges
in the 2019 and 2021 seasons (12,28) compared with
the previous biennial pattern observed in even years
(e.g., 2014, 2016, 2018, and, to a lesser extent, 2020)
(7,29). We detected no enteroviruses among shelter
participants during April 2020-May 2021 despite
ongoing surveillance during that period, possibly
because stricter COVID-19 pandemic mitigation
measures were in place.

All identified CVA21 and EV-D68 infections
were in adult shelter residents in adult-only shelters,

A

Coxsackievirus and Enterovirus, Washington, USA

despite surveillance across children and adults,
contributing to the scarce literature available on
these viruses in adults (30). The manifestations of
CVA21 and EV-D68 among symptomatic adult
residents were similar and aligned with other adult
case-patient reports (30,31). Half of persons with
CVA21 reported a symptom that prevented daily ac-
tivity; however, most enterovirus-positive persons
did not seek any clinical care. Although previous
studies have found that children are at higher risk
for symptomatic EV-D68 infection than adults (5,32),
we did not identify any positive cases among chil-
dren in our study despite specimens from children
constituting 14% of all specimens collected. In addi-
tion, we found no EV-Dé68-positive environmental
surface samples in family shelters; we detected EV-
Dé8-positive and CVA21-positive environmental
samples in adult-only shelters.

Environmental monitoring is a minimally in-
vasive method of surveillance for both endemic
and emerging respiratory pathogens and could be
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especially useful as an early indicator of viruses cir-
culating in congregate settings. We found CVA21-
positive environmental surface samples across 3 of
the 7 shelters with CVA21 detection in nasal swabs.
Although we did not find enteroviruses in the
bioaerosol samples tested, previous studies have
documented aerosol detection in the United States
(33). We detected CVA21-positive environmental
surface samples concurrently with the largest out-
break in adult shelter L, but we did not detect them
in the older adult male shelter M outbreak, poten-
tially because of enhanced cleaning procedures
g’? }Mﬂgﬂ%ﬂ)kﬁgjction (shelter M staff,
pers. comm., 2020, : meeting). Additional
details on shelter disinfection practices were un-
available. Detection of CVA21 most commonly on
bathroom doors may be suggestive of a fecal-oral
route of transmission, as is observed with many en-
teroviryses (2,34). Although CVA21 was detected
in nasal swa before the positive environ-
i mental samples in 3 shelters, this finding probably
is reflective of the earlier start of human specimen
collection (October 2019) compared with environ-
mental sampling (November 2020).

Our genomic analysis offers insight into the di-
versity of enteroviruses circulating in King County
and the relationships among viruses of the same
species within individual shelters and among dif-
ferent shelters. For EV-D68 and CVAZ21, the study
specimens were closely related relative to the di-
versity represented by publicly available genomes
of the same species. This finding may suggest that
only 1 lineage of each of these viruses was circu-
lating in King County during the study period,
although other lineages not captured in our sweb
samples might have been present. Of note, very
limited information about CVA21 genomic diver-
sity is available, and the sequences generated by

our study more than doubled the number of full
genomes available for the virus.

The relationships among shelter CVA21 and EV-
D68 genomes were complex. In some cases, viruses
from the same shelter clustered together or were even
identical, which is consistent with some intra-shelter
viral spread. The phylogenetic analysis also identi-
fied instances in which viruses were more closely
related to specimens from other shelters rather than
the same shelter. This finding could be indicative of
inter-shelter spread, although our limited knowledge
of how quickly these viruses mutate prevents us from
assessing whether this finding could represent direct
transmission between shelters. For shelters B, C, L,
and M, the phylogenetic tree was suggestive of >1

introduction of CVA21 into each shelter during the
study period.

Because environmental samples can constitute
mixtures of viruses from >1 person deposited at dif-
ferent times, interpretation of their placement in phy-
logenetic trees is difficult. We observed that CVAZ1
environmental samples grouped with other study
specimens among the genomes from GenBank; in
most cases, CVA21 environmental samples appeared
most closely related to a participant specimen from
the same shelter. This finding indicates that, despite
the potentially complex origins of environmental
samples, they can offer some insights into viral geno-
types circulating at a location and as a result could
be extremely valuable in cases where specimens from
persons are unavailable.

This study describes the epidemiology of entero-
viruses in congregate homeless shelters by using ge-
netically sequenced surveillance data and associated
symptom data. Although most previous studies on
CVA21 and EV-D68 among adults are from hospital-
ization data and focus on case reports, our study pro-
vides both surveillance and environmental sampling
data from a community setling.

Limitations of our study include the potential
for a nonrepresentative sample because of voluntary
participation, a lack of site-specific intervention data
(e.g., disinfection practices), and a relatively small
case count. In addition, limitations of testing include
the sample type used (given that nasopharyngeal
swab mre considered the stan-
dard), collection type used (given potential differ-
ences in quality between specimens that are self-
collected versus staff-collected), and small sample
size of enterovirus data (given the need to restrict to
specimens confirmed through sequencing given the
cross-reactivity of assays). Our conclusions also are
limited by the study’s cross-sectional nature because
we could not follow up with participants about po-
tential long-term complications and care-seeking
(e.g., hospital admissions). Further research on lon-
gitudinal outcomes of enterovirus-positive partici-
pants is needed (12,28).

Our findings provide information on CVAZ1
and EV-D68 epidemiology, clinical characteristics,
and transmission patterns to guide clinical diagno-
sis and public health interventions. Further under-
standing of enteroviruses can be used to develop
effective preventative measures and treatment op-
tions. Surveillance of enteroviruses in shelters and
other congregate settings may be warranted for
early detection and implementation of control mea-
sures to reduce outbreaks.
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