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In fall 2020, a coronavirus disease cluster comprising 16
cases occurred in Connecticut, USA. Epidemiologic and
genomic evidence supported transmission among persons at a school and fitness center but not a workplace.
The multiple transmission chains identified within this
cluster highlight the necessity of a combined investigatory approach.

D

uring widespread community transmission of
severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), transmission chains are sometimes
unclear. Although often unavailable, viral genome sequencing can complement epidemiologic investigations.
In fall 2020, the Connecticut Department of Public
Health analyzed date from contact tracing interviews
and initially identified 5 cases of coronavirus disease
(COVID-19), the illness caused by SARS-CoV-2, in
employees of a single workplace within 1 week. One
employee also worked at an elementary school and
fitness center; in those settings, several contacts of
this employee later tested positive for SARS-CoV-2.
At the time, the weekly community case rate in this
county was 141 cases/100,000 persons (https://portal.ct.gov/Coronavirus/COVID-19-Data-Tracker),
reflecting high community transmission according to
thresholds set by the Centers for Disease Control and
Prevention (CDC) (1). To better characterize this cluster, we investigated its scope, phylogenetic relationships, and factors associated with transmission.
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The Study
We defined a cluster-associated case as COVID-19 in
a coworker, primary contact, or secondary contact of
the initial 5 employees; all cases were diagnosed by
a viral test (i.e., antigen or nucleic acid amplification
tests) authorized for emergency use by the Food and
Drug Administration (2). We defined the investigation period as starting 1 week before symptom onset
of the earliest workplace case and ending 2 weeks after symptom onset of the last workplace case. We assessed symptoms, onset dates, adherence to prevention strategies, and potential exposures. This activity
was reviewed by CDC and was conducted in accordance with applicable federal law and CDC policy
(e.g. 45 C.F.R. part 46.102(l) [2], 21 C.F.R. part 56; 42
U.S.C. 241(d); 5 U.S.C. 552a; 44 U.S.C. 3501 et seq.).
We extracted SARS-CoV-2 RNA from clinical nasopharyngeal specimens and conducted genomic sequencing using an amplicon-based approach with the
MinION (Oxford Nanopore Technologies, https://
nanoporetech.com) (3). We reconstructed maximumlikelihood phylogenetic trees using IQ-Tree with
a general time-reversible nucleotide substitution
model (4) (Appendix 1, https://wwwnc.cdc.gov/
EID/article/27/10/21-1196-App1.pdf; Appendix 2
Table, https://wwwnc.cdc.gov/EID/article/27/10/
21-1196-App2.xlsx).
Overall, we identified 16 cluster-associated cases
in 6 workplace employees, 3 school staff members
and students, 2 fitness center attendees, and 5 household contacts. Symptom onset was generally earlier
among workplace employees than among school and
fitness center contacts (Figure 1).
The workplace employed 35 persons and provided in-person customer service. After the first
Preliminary results from this study were presented at the
2021 Council of State and Territorial Epidemiologists Annual
Conference; June 13–17, 2021; https://www.csteconference.org.
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Figure 1. Epidemic curve for
coronavirus disease cluster,
Connecticut, USA, 2020.
Symptomatic cases are plotted
by day of symptom onset;
asymptomatic cases are plotted
by specimen collection day.
Workplace employee W-3 had
contacts in the school and fitness
center. W, workplace;
S, school; F, fitness center;
[HH], household.

employee (W-1) experienced symptoms on day 1
and tested positive for SARS-CoV-2, the workplace
closed and recommended SARS-CoV-2 screening
for other employees. In addition to the 5 initial
cases, we identified 1 other case in a workplace employee (Figure 1). All 6 employees worked during
the week before their symptoms began (Appendix
1 Figure 1).
In total, 4 of the 6 employees agreed to be interviewed (Appendix 1 Table 1). W-1 reported a
potential exposure outside the workplace during
the week before symptom onset. Two employees
(W-2 and W-5) had contact with each other outside
of work. No other employees reported contact with
coworkers or members of coworkers’ households
outside the workplace. Some employees were unable to maintain 6 feet of distance from coworkers
and occasionally removed masks near coworkers.
To increase air circulation, ventilation system fans
were run continuously. Customers were not required to wear masks, and customer visits lasted
45–60 minutes.
One employee (W-3) also worked at an elementary school that offered in-person education 5 days
a week. W-3 worked at the school on outbreak days
1–3; W-3’s symptoms developed on day 3. Three
school contacts of W-3 subsequently tested positive
for SARS-CoV-2 infection: a staff member (S-1) and
2 students (S-2 and S-3). S-1, a staff member, spent
most of their time in a neighboring classroom but
had brief contact with W-3 while substituting for
W-3’s classroom. W-3 and S-1 reported strict adherence to prevention measures, including masking
and social distancing, and did not have contact outside of school. To improve ventilation, the classroom
windows were kept open. Among ≈15 students in
W-3’s classroom, 2 asymptomatic students (S-2 and
S-3) tested positive for SARS-CoV-2. S-2 was tested
after a family member (S-2 [HH1]) had COVID-19
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symptoms; another family member (S-2 [HH2]) later
experienced symptoms as well. S-3 was tested after
being notified that another person in the classroom
tested positive for SARS-CoV-2.
W-3 taught an indoor fitness class on day 2, the
day before their symptom onset. Approximately 6
clients attended the 1-hour class. Attendee F-1 experienced symptoms on day 5; attendee F-2 experienced
symptoms on day 7. A household contact of F-2 (F-2
[HH]) later tested positive for SARS-CoV-2. W-3 and
F-1 reported that attendees wore masks before and after the class but removed them during distanced (i.e.,
>6 feet) exercise. Information regarding facility ventilation was unavailable.
We acquired 13 specimens for viral genome
sequencing. Specimens were unavailable for 2
workplace employees (W-2 and W-5) and 1 student
household contact (S-2 [HH2]). The resulting genomes clustered into 2 separate lineages (Appendix 1 Figure 2). Cluster 1 comprised 11 genomes, of
which 9 were identical or differed by 1 mutation.
These 9 genomes were extracted from samples from
W-3, W-3’s household contact, the school staff and
students, the fitness center attendees, and household contacts of persons at the school and fitness
center (Figure 2). The other 2 genomes in cluster 1
were isolated from W-1 and W-6. W-1 was the only
employee to work during the infectious period (defined as beginning 2 days before symptom onset);
however, sequences for W-3 and W-6 differed from
W-1’s sequence by >3 mutations. Cluster 2 comprised genomes isolated from a workplace employee and the household contact of another employee
(Figure 2); there was no known epidemiologic link
between these 2 persons.
Conclusions
We found that the 16 members of a single COVID-19
cluster were involved in multiple transmission chains.
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during indoor exercise was mandated in Connecticut
later in November 2020 (9).
Genomic data did not indicate SARS-CoV-2 transmission among workplace employees. Divergence
among viral sequences of workplace employees and
the SARS-CoV-2 evolutionary rate of ≈1 mutation per
2 weeks (10) suggest that the 4 other workplace cases
were each acquired independently. However, workplace transmission from unidentified employees or
customers remains possible. In addition, a workplace
employee and household contact had unrelated sequences, suggesting that they also were infected independently (Figure 2). This apparent workplace cluster, disproven by sequencing, highlights challenges
in defining transmission chains during widespread
SARS-CoV-2 community transmission. These findings highlight the crucial role of genomic sequencing
in clarifying transmission chains.
Figure 2. Maximum-likelihood phylogenetic tree for coronavirus
disease cluster, Connecticut, USA, 2020. Wuhan/Hu-1/2019
(GISAID accession no. EPI_ISL_402125; https://www.gisaid.
org) and Wuhan/WH01/2019 (accession no. EPI_ISL_406798)
were used as reference genomes. Workplace employee W-3
(asterisk) had contacts in the school and fitness center. Colors
correspond with presumed transmission chains based on
epidemiologic and genomic data. W, workplace; S, school;
F, fitness center; [HH], household.

Epidemiologic and genomic evidence supported
transmission in the school and fitness center but not
the workplace. These findings highlight challenges
in accurate delineation of SARS-CoV-2 transmission
chains and emphasize the benefits of combined epidemiologic and genomic investigation.
Although diagnostic specimens are often discarded by laboratories soon after testing, rapid identification of this cluster enabled the acquisition of specimens from 13 of the 16 cases. Our results suggest that
infection was directly transmitted from W-3 to >6
other persons within their household, school, and fitness center. Classroom transmission of SARS-CoV-2
is uncommon in the context of prevention strategies
such as masking and distancing; previous studies
have suggested that most school-associated cases are
acquired outside of school (5,6). However, our results
suggest that staff-to-staff and staff-to-student transmission occurred in this classroom. This investigation
also adds to evidence that indoor exercise without
masks can facilitate SARS-CoV-2 transmission (7,8).
Fitness centers might consider moving high-exertion
exercise outdoors, improving ventilation, and promoting mask use during indoor exercise. Mask use

Acknowledgments
We thank Matthew L. Cartter, Kristine M. Bisgard, Trent
Joseph, Zachary Faiella, and Matthew Payne for their helpful discussions.
T.A. was funded by Clinical and Translational Science
Awards Program (grant no. TL1 TR001864) and N.D.G.
was funded by the Fast Grant program from Emergent
Ventures at the Mercatus Center at George Mason
University. N.D.G. received consulting fees from Tempus
Laboratories (https://www.tempus.com) related to
infectious disease genomics.

About the Author
Dr. Bart is an Epidemic Intelligence Service Officer with
the Center for Surveillance, Epidemiology, and Laboratory Services, Centers for Disease Control and Prevention,
stationed at the Connecticut Department of Public Health,
Hartford, Connecticut, USA. His interests include infectious disease epidemiology and virology.
References
1.

2.

3.

Centers for Disease Control and Prevention. Operational
strategy for K-12 schools through phased mitigation. 2021
[cited 2021 Feb 25]. https://www.cdc.gov/coronavirus/
2019-ncov/community/schools-childcare/operation-strategy.
html#indicators
Council of State and Territorial Epidemiologists. Update to
the standardized surveillance case definition and national
notification for 2019 novel coronavirus disease (COVID-19).
2020 [cited 2021 Jun 16]. https://cdn.ymaws.com/www.cste.
org/resource/resmgr/ps/positionstatement2020/Interim20-ID-02_COVID-19.pdf
Quick J, Grubaugh ND, Pullan ST, Claro IM, Smith AD,
Gangavarapu K, et al. Multiplex PCR method for MinION
and Illumina sequencing of Zika and other virus genomes

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 27, No. 10, October 2021

2671

DISPATCHES

4.

5.

6.

7.

directly from clinical samples. Nat Protoc. 2017;12:1261–76.
https://doi.org/10.1038/nprot.2017.066
Nguyen L-T, 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
Falk A, Benda A, Falk P, Steffen S, Wallace Z, Høeg TB.
COVID-19 cases and transmission in 17 K-12 schools—
Wood County, Wisconsin, August 31–November 29, 2020.
MMWR Morb Mortal Wkly Rep. 2021;70:136–40.
https://doi.org/10.15585/mmwr.mm7004e3
Zimmerman KO, Akinboyo IC, Brookhart MA, Boutzoukas AE,
McGann KA, Smith MJ, et al.; ABC SCIENCE
COLLABORATIVE. Incidence and secondary transmission
of SARS-CoV-2 infections in schools. Pediatrics. 2021;147
:e2020048090. https://doi.org/10.1542/peds.2020-048090
Jang S, Han SH, Rhee J-Y. Cluster of coronavirus disease
associated with fitness dance classes, South Korea. Emerg

8.

9.

10.

Infect Dis. 2020;26:1917–20. https://doi.org/10.3201/
eid2608.200633
Lendacki FR, Teran RA, Gretsch S, Fricchione MJ, Kerins JL.
COVID-19 outbreak among attendees of an exercise facility—
Chicago, Illinois, August–September 2020. MMWR Morb
Mortal Wkly Rep. 2021;70:321–5. https://doi.org/10.15585/
mmwr.mm7009e2
Reopen Connecticut. Sector rules for reopening. 2021 Feb 9
[cited 2021 Feb 25]. https://portal.ct.gov/-/media/DECD/
Covid_Business_Recovery-Phase-2-1/CTReopens21_Sports_
FitnessCentersFeb.pdf
Rambaut A. Phylogenetic analysis of nCoV-2019 genomes.
2020 [cited 2021 Feb 20]. https://virological.org/t/
phylodynamic-analysis-176-genomes-6-mar-2020/356

Address for correspondence: Stephen M. Bart, Connecticut
Department of Public Health, 410 Capitol Avenue, Hartford, CT
06134, USA; email: sbart@cdc.gov

EID Podcast:
Role of Oral Rabies Vaccines in Elimina�ng
Death in People from Dog Bites
Rabies vaccines are highly eﬀec�ve, but delivering
them can be challenging. The challenge is even greater
for stray animals, which might not trust a stranger trying
to deliver a life-saving vaccina�on.
How can public health oﬃcials ensure that stray dogs
(and the people around them) are protected against
rabies? Some researchers may have an answer:
Oral vaccines in dog treats.
In this EID podcast, Dr. Ryan Wallace, a CDC veterinary
epidemiologist, explains an innova�ve strategy for
delivering safe and eﬀec�ve oral vaccines.
Visit our website to listen: h�ps://go.usa.gov/xs5f6
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