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Congregate homeless shelters 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% CI 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-
ber—November 2019. Of 812 environmental samples, 1 was
EV-D68—positive and 5 were CVA21—positive. Other entero-
viruses detected among residents, but not in environmental
samples, included coxsackievirus A6/A4 in 3 children. No
enteroviruses were detected during April 2020-May 2021.
Phylogenetically clustered CVA21 and EV-D68 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 (CVAZ21), 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
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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, shortness
of breath, headache, and myalgias. Symptom crite-
ria also included diarrhea, rash, and ear pain or dis-
charge for children <18 years of age. Persons who
did not meet the symptom requirements were al-
lowed to enroll and submit a nasal swab specimen
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 (approval no.
STUDY00007800).

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 us-
ing midturbinate sterile nylon flocked nasal swabs
(FLOQSwab; Copan Diagnostics) during October 1,
2019-July 22, 2020, and then subsequently during
November 1, 2020-May 31, 2021. During July 22-No-
vember 1, 2020, we briefly used anterior nares swabs
(US Cotton; SteriPack) because of supply change re-
source limitations. Given the spread of SARS-CoV-2,
we changed the specimen collection protocol to study
staff-supervised self-collected swab specimen. We
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.

Multiplex PCR Testing

We tested nasal swab specimens and environmental
samples by using a multiplex reverse transcription
PCR platform (OpenArray; Thermo Fisher Scientif-
ic) for 28 viral respiratory pathogen targets, includ-
ing pan-enterovirus, EV-D68, rhinovirus, influenza
viruses (A, B, C), respiratory syncytial viruses (A
and B), human parainfluenza viruses (1-4), human
coronaviruses, human bocavirus, human parecho-
virus, human metapneumovirus, adenovirus, and
SARS-CoV-2 (from swabs collected beginning Janu-
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ary 1, 2020). We generated a relative cycle threshold
(Ct) value for each result.

We identified positive or inconclusive enterovirus
swabs by using PCR on either pan-enterovirus (Ther-
mo Fisher Scientific assay Vi06439631_s1) or EV-D68
(Thermo Fisher Scientific assay Vi06439669_s1) targets
and 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
rhinovirus amplification, laboratory staff reviewed
all nasal swab specimens and environmental samples
initially positive on enterovirus-specific primers and
evaluated them on the basis of the degree of entero-
virus amplification, enterovirus relative Ct values,
and degree of rhinovirus amplification. Finally, we at-
tempted sequencing on all positive or inconclusive en-
terovirus swabs identified by PCR to confirm enterovi-
rus positivity and subtype.

Genomic Sequencing and Analysis

To identify viral species and genotypes present in en-
terovirus-positive swabs, we performed sequencing
with enrichment for respiratory viruses using a com-
mercially available panel of capture probes that cov-
ered multiple enteroviruses. We attempted whole-ge-
nome sequencing on all specimens and environmental
samples that were positive or inconclusive for either
the pan-enterovirus or EV-D68 targets. In our pro-
cess, we converted extracted RNA to double-stranded
cDNA, purified by bead cleanup, enzymatically frag-
mented, end-repaired, amplified, indexed, and puri-
fied again by using the QIAseq FX DNA Library Kit
(QIAGEN, https://www.qiagen.com). We performed
hybridization capture by using the QlAseq xHYB Viral
Respiratory Panel (QIAGEN) after pooling libraries by
sample relative Ct values. After overnight hybridiza-
tion with biotinylated probes and subsequent wash-
ing to remove unbound fragments, we amplified the
enriched libraries and purified them by using bead
clean-up. We sequenced the resulting libraries on Illu-
mina NovaSeq 6000 or NextSeq 2000 instruments by
using a 2 x 150 read format. We generated consensus
genomes by using a custom bioinformatic pipeline de-
scribed previously (Appendix, https://wwwnc.cdc.
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 (ORV)-positive through PCR testing.
We defined enterovirus 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-
lation. 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
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and visualize phylogenetic trees (23). We calculated
bootstrap values using IQ-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
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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. Unique 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 tested CVA21-positive at
2 different timepoints, with a median of 9 days between
positive tests (range 2-26 days). Two EV-D68-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 CVA21 infection included
runny nose (85%) and cough (67%) (Figure 3; Appen-
dix Tables 2, 5). Among the 39 unique persons with
CVAZ21 infections, 51% (n = 20) reported a symptom
or symptoms that prevented daily activity (Figure
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3; Appendix Tables 5, 6). Half of the persons with
CVAZ21 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 CVAZ21-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% CI 0.2%-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 2; Appendix Table 8), most 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.cdc.gov/EID/article/30/11/24-
0687-V1.htm) and 10 at all-male shelter M with older
adults >50 years of age (October 3, 2019-January 27,
2019) (Figure 2; Video 2, https://wwwnc.cdc.gov/
EID/ article/30/11/24-0687-V2.htm).

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 CVA21-positive cases and 4
EV-D68-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

Cough

Sore throat
Muscle/body aches
Headache

Fatigue
Nausea/vomiting
Chills

Sweats

Fever

positive specimen collection

Trouble breathing

Signs or symptoms reported at first
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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
unique 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 CVA21 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

Diarrhea M Sign or symptom
i prevents daily activity
Ear pain Sign or symptom does
not prevent daily activity
Rash
0 25 50 75 100

% Participants

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 on subsequent

encounter (second positive specimen collection).
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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
D68 genomes downloaded from GenBank. Inset shows a detailed view of the relationship among the study genomes. The x-axis
represents the number of nucleotide changes in the genome relative to an enterovirus D68 reference genome (GenBank accession 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 5) 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 CVA4 speci-
men in a phylogenetic tree among publicly available
CVA4 genomes (Appendix Figure 6); the most closely
related GenBank genome was collected in Tennessee
in April 2015 (GenBank accession no. KY271949). The
2 sequenced CVAG6 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

B

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
CVAZ21 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-D68-positive environmental
surface samples in family shelters; we detected EV-
D68-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

o
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Figure 5. Phylogenetic trees of sequenced coxsackievirus A21 specimens of homeless shelter residents, King County, Washington,
USA, October 2019-February 2020. A) Tree containing all shelter coxsackievirus A21 and all coxsackievirus A21 genomes deposited in
GenBank. Tips representing study specimens are colored according to shelter. Light gray tips represent coxsackievirus A21 genomes
downloaded from GenBank. The x-axis represents number of nucleotide changes in the genome relative to a coxsackievirus A21
reference genome (GenBank accession no. AF465515.1). B) Tree containing all shelter coxsackievirus A21 genomes. Internal nodes
with >90% bootstrap support are labeled on tree. C) Tree containing all shelter coxsackievirus A21 genomes with x-axis corresponding

to specimen collection date.
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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
including ultraviolet disinfection (shelter M staff,
pers. comm., 2020, staff meeting). Additional de-
tails on shelter disinfection practices were unavail-
able. Detection of CVA21 most commonly on bath-
room doors may be suggestive of a fecal-oral route
of transmission, as is observed with many enterovi-
ruses (2,34). Although CVA21 was detected in nasal
swab specimens before the positive environmental
samples in 3 shelters, this finding probably is re-
flective of the earlier start of human specimen col-
lection (October 2019) compared with environmen-
tal 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 CVA21, the study
specimens were closely related relative to the diver-
sity represented by publicly available genomes of
the same species. This finding may suggest that only
1 lineage of each of these viruses was circulating
in King County during the study period, although
other lineages not captured in our nasal swab speci-
mens or environmental samples might have been
present. Of note, very limited information about
CVA21 genomic diversity is available, and the se-
quences 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
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introduction of CVAZ21 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 CVA21
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
CVAZ21 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 setting.

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 in-
clude the sample type used (given that nasopharyn-
geal swab specimens historically are considered the
standard), collection type used (given potential dif-
ferences 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 CVA21
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.

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


http://www.cdc.gov/eid

Acknowledgments

We thank shelter program managers and staff for
their active collaboration throughout the participant
recruitment process. A special thanks to the research
assistants who assisted with data collection and all
residents who participated.

This study was funded by Gates Ventures and the Centers
for Disease Control and Prevention (research contract no.
75D30120C09322 AMO002 to H.Y.C.). The funders were not
involved in the design of the study and do not have any
ownership over the management and conduct of the study,
the data, or the rights to publish. Computational analyses
were supported by Fred Hutch Scientific Computing
(National Institutes of Health Office of Research
Infrastructure Programs grant no. S100D028685) and
University of Washington Laboratory Medicine Informatics.
T.B. is a Howard Hughes Medical Institute Investigator.

S.N.C. reports honoraria from University of California-
Berkeley and Fresno State for presentations on respiratory
viruses. E.J.C. reports honoraria from Providence Health and
Services, Seattle, Washington for presentations on COVID-19
and a travel grant received from the Infectious Diseases
Society of America for travel to IDWeek 2022. A.L.G. reports
contract testing from Abbott, Cepheid, Novavax, Pfizer,

Janssen, and Hologic, research support from Gilead, outside of

the work described in this article. J.A.E. reports consultation
for Ark Biopharma, Astra Zeneca, Meissa Vaccines, Moderna,
Sanofi Pasteur, and Pfizer, and has received research funding
from AstraZeneca, GlaxoSmithKline, Merck, and Pfizer,
outside the work described in this article. P.R. reports
honoraria from the Bill and Melinda Gates Foundation for
presentations on COVID-19. H.Y.C. reports consultation for
Vir, Abbvie, and Merck outside the work described in this
article. All other authors report no potential conflicts.

Author contributions: conception and design: S.N.C.,,
AM.C,E]J.C,PR, and HY.C; analysis and
interpretation of the data: SN.C.,, AM.C,E]J.C, ]S, M.C,
P.R., and H.Y.C,; drafting of the article: SN.C., AM.C,,
P.R., and H.Y.C; critical revision of the article for
important intellectual content: S.N.C., AM.C.,, N\M.F,,
EJ.C,P.D.H, LG, BP,HX,6KK,]S, MAR., EM.,
TM.U.,, ALG,M.C, MMS, TB., ]S, M.B, J.AEE, LMS,,
P.R., and H.Y.C;; final approval of the article: S.N.C,,
AM.C,NMF,E].C,PDH,LG,BP, HX,KK,]S.,
M.AR,EM, TMU., ALG,MC,MMS,TB,]JS,

M.B., J.AE, LMS, P.R, and H.Y.C; provision of study
materials or patients: T.B., L.M.S., and H.Y.C; statistical
expertise: M.C.; obtaining of funding: J.S., T.B., and H.Y.C.;
administrative, technical, or logistic support: S.N.C.,

P.H.,, LM.S.,, and H.Y.C; collection and assembly of data:
SN.C,NMF,JS,PH,LG,BP,KK,HX,TB,PR,
and H.Y.C.

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

Coxsackievirus and Enterovirus, Washington, USA

About the Author

Dr. Cox is an epidemiologist at the University of

Washington. Her primary research interests include

infectious disease epidemiology and reducing
health disparities.

References

1.

10.

11.

12.

13.

14.

Brouwer L, Moreni G, Wolthers KC, Pajkrt D. World-wide
prevalence and genotype distribution of enteroviruses.
Viruses. 2021;13:434. https:/ /doi.org/10.3390/v13030434
Khetsuriani N, Lamonte-Fowlkes A, Oberst S, Pallansch MA;
Centers for Disease Control and Prevention. Enterovirus
surveillance — United States, 1970-2005. MMWR Surveill
Summ. 2006;55:1-20.

Connell C, Tong HI, Wang Z, Allmann E, Lu Y. New
approaches for enhanced detection of enteroviruses from
Hawaiian environmental waters. PLoS One. 2012;7:e32442.
https://doi.org/10.1371/journal. pone.0032442

Cassidy H, Poelman R, Knoester M, Van Leer-Buter CC,
Niesters HGM. Enterovirus D68 — the new polio?

Front Microbiol. 2018;9:2677. https:/ / doi.org/10.3389/
fmicb.2018.02677

Dyda A, Stelzer-Braid S, Adam D, Chughtai AA,

Maclntyre CR. The association between acute flaccid
myelitis (AFM) and enterovirus D68 (EV-D68) —what is the
evidence for causation? Euro Surveill. 2018;23:17-00310.
https:/ /doi.org/10.2807/1560-7917.ES.2018.23.3.17-00310
Dalldorf G, Sickles GM. An unidentified, filtrable agent
isolated from the feces of children with paralysis. Science.
1948;108:61-2. https:/ /doi.org/10.1126/science.108.2794.61
Centers for Disease Control and Prevention. Enterovirus D68
(EV-D68). 2022 [cited 2023 Feb 18]. https:/ /www.cdc.gov/
non-polio-enterovirus/about/ev-d68.html

Xiang Z, Gonzalez R, Wang Z, Ren L, Xiao Y, Li ], et al.
Coxsackievirus A21, enterovirus 68, and acute respiratory
tract infection, China. Emerg Infect Dis. 2012;18:821-4.
https:/ /doi.org/10.3201/eid1805.111376

Supian NI, Ng KT, Chook JB, Takebe Y, Chan KG, Tee KK.
Genetic diversity of coxsackievirus A21 associated with
sporadic cases of acute respiratory infections in Malaysia..
BMC Infect Dis. 2021;21:446. https:/ /doi.org/10.1186/
$12879-021-06148-x

Huang W, Wang G, Zhuge J, Nolan SM, Dimitrova N,
Fallon JT. Whole-genome sequence analysis reveals the
enterovirus d68 isolates during the United States 2014
outbreak mainly belong to a novel clade. Sci Rep.
2015;5:15223. https:/ /doi.org/10.1038/srep15223

Hodcroft EB, Dyrdak R, Andrés C, Egli A, Reist ],

Garcia Martinez de Artola D, et al. Evolution, geographic
spreading, and demographic distribution of Enterovirus D68.
PLoS Pathog. 2022;18:€1010515. https:/ /doi.org/10.1371/
journal.ppat.1010515

Simoes MP, Hodcroft EB, Simmonds P, Albert J,

Alidjinou EK, Ambert-Balay K, et al. Epidemiological and
clinical insights into the enterovirus D68 upsurge in Europe
2021/22 and the emergence of novel B3-derived lineages,
ENPEN multicentre study. ] Infect Dis. 2024;jiae154.

https:/ /doi.org/10.1093/infdis/jiae154

Badiaga S, Raoult D, Brouqui P. Preventing and

controlling emerging and reemerging transmissible diseases
in the homeless. Emerg Infect Dis. 2008;14:1353-9.

https:/ /doi.org/10.3201/eid1409.080204

Chow EJ, Casto AM, Rogers JH, Roychoudhury P,

Han PD, Xie H, et al. The clinical and genomic epidemiology

2259


https://doi.org/10.3390/v13030434
https://doi.org/10.1371/journal.pone.0032442
https://doi.org/10.3389/fmicb.2018.02677
https://doi.org/10.3389/fmicb.2018.02677
https://doi.org/10.2807/1560-7917.ES.2018.23.3.17-00310
https://doi.org/10.1126/science.108.2794.61
https://www.cdc.gov/non-polio-enterovirus/about/ev-d68.html
https://www.cdc.gov/non-polio-enterovirus/about/ev-d68.html
https://doi.org/10.3201/eid1805.111376
https://doi.org/10.1186/s12879-021-06148-x
https://doi.org/10.1186/s12879-021-06148-x
https://doi.org/10.1038/srep15223
https://doi.org/10.1371/journal.ppat.1010515
https://doi.org/10.1371/journal.ppat.1010515
https://doi.org/10.1093/infdis/jiae154
https://doi.org/10.3201/eid1409.080204
http://www.cdc.gov/eid

SYNOPSIS

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

2260

of seasonal human coronaviruses in congregate homeless
shelter settings: a repeated cross-sectional study. Lancet
Reg Health Am. 2022;15:100348. https:/ /doi.org/10.1016/
j-lana.2022.100348

Kuehn BM. Homeless shelters face high COVID-19 risks.
JAMA. 2020;323:2240.

Leung CS, Ho MM, Kiss A, Gundlapalli AV, Hwang SW.
Homelessness and the response to emerging infectious
disease outbreaks: lessons from SARS. ] Urban Health.
2008;85:402-10. https:/ /doi.org/10.1007 /s11524-008-9270-2
Imbert E, Kinley PM, Scarborough A, Cawley C,

Sankaran M, Cox SN, et al. Coronavirus disease 2019
outbreak in a San Francisco homeless shelter. Clin Infect Dis.
2021;73:324-7. https:/ /doi.org/10.1093/ cid/ ciaa1071
Rogers JH, Cox SN, Hughes JP, Link AC, Chow EJ, Fosse I,
et al. Trends in COVID-19 vaccination intent and factors
associated with deliberation and reluctance among adult
homeless shelter residents and staff, 1 November 2020 to 28
February 2021 — King County, Washington. Vaccine. 2022;
40:122-32. https:/ /doi.org/10.1016/j.vaccine.2021.11.026
Rogers JH, Link AC, McCulloch D, Brandstetter E,

Newman KL, Jackson ML, et al.; Seattle Flu Study
Investigators. Characteristics of COVID-19 in homeless
shelters: a community-based surveillance study. Ann Intern
Med. 2021;174:42-9. https:/ / doi.org/10.7326 /M20-3799
Newman KL, Rogers JH, McCulloch D, Wilcox N,

Englund JA, Boeckh M, et al.; Seattle Flu Study Investigators.
Point-of-care molecular testing and antiviral treatment of
influenza in residents of homeless shelters in Seattle, WA:
study protocol for a stepped-wedge cluster-randomized
controlled trial. Trials. 2020;21:956. https:/ /doi.org/10.1186/
s13063-020-04871-5

Bailey ES, Choi JY, Zemke ], Yondon M, Gray GC.
Molecular surveillance of respiratory viruses with
bioaerosol sampling in an airport. Trop Dis Travel

Med Vaccines. 2018;4:11. https:/ /doi.org/10.1186/
s40794-018-0071-7

Chow EJ, Casto AM, Sampoleo R, Mills MG, Han PD, Xie H,
et al. Human parainfluenza virus in homeless shelters before
and during the COVID-19 pandemic, Washington, USA.
Emerg Infect Dis. 2022;28:2343-7. https:/ /doi.org/10.3201/
e1d2811.221156

Hadfield J, Megill C, Bell SM, Huddleston ], Potter B,
Callender C, et al. Nextstrain: real-time tracking of
pathogen evolution. Bioinformatics. 2018;34:4121-3.

https:/ /doi.org/10.1093/ bioinformatics/ bty407

Nguyen LT, Schmidt HA, von Haeseler A, Minh BQ.
IQ-TREE: a fast and effective stochastic algorithm for
estimating maximum-likelihood phylogenies. Mol

Biol Evol. 2015;32:268-74. https:/ / doi.org/10.1093/molbev/
msu300

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Wang S, Xu M, Lin X, Liu Y, Xiong P, Wang L, et al.
Molecular characterization of coxsackievirus A21 in
Shandong, China. Arch Virol. 2016;161:437-44.

https:/ /doi.org/10.1007/s00705-015-2669-7
Zoul,YiL,Song Y, Zhang X, Liang L, Ni H, et al. A cluster
of coxsackievirus A21 associated acute respiratory illness:
the evidence of efficient transmission of CVA21. Arch Virol.
2017;162:1057-9. https:/ / doi.org/10.1007/s00705-016-3201-4
Hang J, Vento TJ, Norby EA, Jarman RG, Keiser PB,
Kuschner RA, et al. Adenovirus type 4 respiratory infections
with a concurrent outbreak of coxsackievirus A21 among
United States Army Basic Trainees, a retrospective viral
etiology study using next-generation sequencing. ] Med
Virol. 2017;89:1387-94. https:/ / doi.org/10.1002/jmv.24792
Midgley SE, Benschop K, Dyrdak R, Mirand A, Bailly JL,
Bierbaum S, et al. Co-circulation of multiple enterovirus D68
subclades, including a novel B3 cluster, across Europe in a
season of expected low prevalence, 2019/20. Euro Surveill.
2020;25:1900749. https:/ / doi.org/10.2807/1560-7917.
ES.2020.25.2.1900749

Abedi GR, Watson JT, Nix WA, Oberste MS, Gerber SI.
Enterovirus and parechovirus surveillance — United States,
2014-2016. MMWR Morb Mortal Wkly Rep. 2018;67:515-8.
https:/ /doi.org/10.15585/ mmwr.mm6718a2

Waghmare A, Pergam SA, Jerome KR, Englund JA,

Boeckh M, Kuypers ]. Clinical disease due to enterovirus D68
in adult hematologic malignancy patients and hematopoietic
cell transplant recipients. Blood. 2015;125:1724-9.
https://doi.org/10.1182/blood-2014-12-616516

Giombini E, Rueca M, Barberi W, Iori AP, Castilletti C,
Scognamiglio P, et al. Enterovirus D68-associated acute
flaccid myelitis in immunocompromised woman, Italy.
Emerg Infect Dis. 2017;23:1690-3. https:/ /doi.org/10.3201/
€id2310.170792

Centers for Disease Control and Prevention (CDC).

Clusters of acute respiratory illness associated with human
enterovirus 68 — Asia, Europe, and United States, 2008-2010.
MMWR Morb Mortal Wkly Rep. 2011;60:1301-4.

Lednicky JA, Bonny TS, Morris JG, Loeb JC. Complete genome
sequence of enterovirus d68 detected in classroom air and on
environmental surfaces. Genome Announc. 2016;4:¢00579-16.
https:/ /doi.org/10.1128 / genomeA.00579-16

Centers for Disease Control and Prevention. Non-polio
enterovirus infection transmission. 2024 [cited 2024 Apr 11].
https:/ /www.cdc.gov/non-polio-enterovirus/about/
transmission.html

Address for correspondence: Sarah N. Cox, University of
Washington Medicine, 750 Republican St, Seattle, WA 98109, USA;
email: sarahcox@uw.edu

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


https://doi.org/10.1016/
https://doi.org/10.1007/s11524-008-9270-2
https://doi.org/10.1093/cid/ciaa1071
https://doi.org/10.1016/j.vaccine.2021.11.026
https://doi.org/10.7326/M20-3799
https://doi.org/10.1186/s13063-020-04871-5
https://doi.org/10.1186/s13063-020-04871-5
https://doi.org/10.1186/
https://doi.org/10.3201/eid2811.221156
https://doi.org/10.3201/eid2811.221156
https://doi.org/10.1093/bioinformatics/bty407
https://doi.org/10.1093/molbev/msu300
https://doi.org/10.1093/molbev/msu300
https://doi.org/10.1007/s00705-015-2669-7
https://doi.org/10.1007/s00705-016-3201-4
https://doi.org/10.1002/jmv.24792
https://doi.org/10.2807/1560-7917.ES.2020.25.2.1900749
https://doi.org/10.2807/1560-7917.ES.2020.25.2.1900749
https://doi.org/10.15585/mmwr.mm6718a2
https://doi.org/10.1182/blood-2014-12-616516
https://doi.org/10.3201/eid2310.170792
https://doi.org/10.3201/eid2310.170792
https://doi.org/10.1128/genomeA.00579-16
https://www.cdc.gov/non-polio-enterovirus/about/
mailto:sarahcox@uw.edu
http://www.cdc.gov/eid

	_Hlk177746058
	_Hlk178595731
	_Hlk68843727
	_Hlk178595299
	_Hlk178602861
	_Hlk178064099
	_Hlk178064127
	_Hlk178064214
	_Hlk178066041
	_Hlk178064268
	_Hlk178064354
	_Hlk178064450
	_Hlk178064528
	_Hlk178586617
	_Hlk178242725
	_Hlk177031597
	_Hlk178344502
	_Hlk178349899
	_Hlk178847651
	_Hlk178156983
	_Hlk178938340
	_Hlk178683038

