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Abstract

Background: Cases of novel coronavirus disease 2019 (COVID-19) were first reported inWuhan, China, in December 2019. In this report, we
describe 3 clusters of COVID-19 infections among healthcare workers (HCWs), not associated with patient exposure, and the interventions
undertaken to halt ongoing exposure and transmission at our cancer center.

Methods: A cluster of cases was defined as 2 or more cases of severe acute respiratory coronavirus virus 2 (SARS-CoV-2)–positive COVID-19
among HCWs who work in the same unit area at the same time. Cases were identified by real-time reverse transcription polymerase chain
reaction testing. Contact tracing, facility observations, and infection prevention assessments were performed to investigate the 3 clusters
between March 1 and April 30, 2020, with subsequent implementation of containment strategies.

Results: The initial cluster involved HCWs from an ancillary services unit, with contacts traced back to a gathering in a break room in which 1
employee was symptomatic, although not yet diagnosed with COVID-19, with subsequent transmission to 7 employees. The second cluster
involved 4 employees andwas community related. The third cluster involved only 2 employees with possible transmission while working in the
same office at the same time. A step-up approach was implemented to control the spread of infection among employees, including universal
masking, enhanced cleaning, increase awareness, and surveillance testing. No nosocomial transmission to patients transpired.

Conclusions: To our knowledge, this is the first report of a hospital-based cluster of COVID-19 infections among HCWs in a cancer hospital
describing our steps to mitigate further transmission.

(Received 2 July 2020; accepted 28 October 2020; electronically published 13 November 2020)

In December 2019, cases of novel coronavirus disease 2019
(COVID-19), caused by the recently named severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), were first reported
in Wuhan City of Hubei Province of China.1 The virus has spread
all around the world causing devastation and unprecedented
changes in the medical field, global economy, and infection control
practices.2 On March 11, 2020, the World Health Organization
(WHO) declared that the scientific criteria for a coronavirus pan-
demic had been met, with >4.9 million confirmed COVID-19
cases, 327,738 deaths, and 216 territories with known cases around
the world as of May 22, 2020.3

SARS-CoV-2 spreads by human-to-human transmission via
droplet exposure and contact transfer,4 causing infection that
ranges from asymptomatic to severe such as acute respiratory dis-
tress syndrome (ARDS) and death.2 Risk factors associated with

worse outcomes for patients with COVID-19 include older age,
history of hypertension,5 acute and chronic kidney disease,6 and
diabetes.7 Because patients receiving oncological care typically
have continuous contact with healthcare settings and because they
are known to be at higher risk of complications from respiratory
viral infection,8 our institution has accentuated best practices from
the beginning of the pandemic to minimize patient and healthcare
worker (HCW) exposure to SARS-CoV-2 while continuing to pro-
vide necessary care.

Moreover, SARS-CoV-2 has affected HCWs and medical facili-
ties in an unprecedented way, and prompt strategies are of para-
mount importance to ensure the containment of the disease
among staff and patients, which has been challenged by the rapidly
changing guidance from national and international governmental
and healthcare organizations.9 In this report, we present 3 clusters
of HCWs with COVID-19 and discuss the interventions under-
taken to halt ongoing exposure and transmission at our cancer
center. Here, we highlight important practices that could be useful
for the overall medical community as SARS-CoV-2 continues to
threaten society and healthcare facilities.
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Setting

TheUniversity of TexasMDAnderson Cancer Center is a National
Cancer Institute–designated comprehensive cancer center in
Houston, Texas, with ~680 hospital beds and ~22,000 employees.

Case definition

A cluster of cases was defined as 2 or more cases of SARS-CoV-2–
positive COVID-19 among HCWs who work in the same unit area
at overlapping times. The identification of cases was carried out by
testing symptomatic and asymptomatic HCWs with a reverse tran-
scription polymerase chain reaction (RT-PCR) assay specific for
SARS-CoV-2. Contact tracing, facility observations, infection pre-
vention assessments, employees questionnaire, and testing of
symptomatic and asymptomatic HCWs were performed to inves-
tigate the ongoing transmission of SARS-CoV-19 and to identify
potential sources of COVID-19. This study was approved by our
institutional Quality Improvement Assessment Board as a quality
improvement project.

Description of Clusters

Cluster 1

On March 27, 2020, ~15 ancillary services staff congregated in a
small break room (~21 m2 or 249 ft2) for a celebration despite
the implementation 10 days earlier of a social distancing policy
and a policy that limited gatherings to up to 5 HCWs. The
HCWs did not wear face masks at the event because masking
was adopted as an institutional policy for employees who interact
with patients on March 28, 2020, and for all personnel on April 1,
2020. On March 30, 2 of the employees who participated in the
gathering became ill with respiratory symptoms including cough,

shortness of breath, and fever, and on April 1, they tested positive
for SARS-CoV-2. After further inquiry, a third employee (probably
the “index case”) who tested positive on April 9, reported being
symptomatic with mild upper-respiratory symptoms, including
sore throat, and runny nose at the time of the gathering on
March 27, but these HCWs did not convey these symptoms to
the employee health department until April 7.

After the first 2 employees tested positive, the information was
shared with the manager of the area. Immediately, communication
was circulated to all staff in the ancillary services unit (with anony-
mous and deidentified information to protect the confidentiality of
the COVID-19 positive employees) to encourage heightened
awareness, self-monitoring for respiratory symptoms, and sub-
sequent testing for SARS-CoV-2 (Fig. 1). At this juncture, multiple
interventions were promptly implemented:

1. Further reinforcement through internal communications
encouraged employees to report any respiratory symptoms
and to follow-up with testing if symptoms-based criteria were
met.

2. Enhanced terminal cleaning of the ancillary services unit by
housekeeping personnel was requested.

3. Reinforcement and monitoring of masking at all time for all
employees was implemented.

4. Social distancing was emphasized. The break room was closed
until further notice and gathering in any other common areas
was prohibited.

5. Asymptomatic employees in the same area were tested.
6. All positive COVID-19 HCWs were isolated for at least 10 days

from the date of symptom onset and until improvement in
symptoms for at least 3 days.

Fig. 1. Sketch showing timeline of cluster #1.
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Briefly, between March 30 and April 10, 22 employees with symp-
toms varying from body aches, runny nose, shortness of breath,
and fever were tested, and 7 (31%) were positive for COVID-19
from the same working area of the first 3 employees (Table 1).
Upon interviews, none of the employees reported recent travel
or outside contact with known SARS-CoV-2–positive or -sus-
pected individuals. After April 10, testing of asymptomatic
employees in the same area was initiated. Overall, 32 asymptomatic
employees were tested and 1 (2%) was positive for SARS-CoV-2
(Fig. 1). In summary, all employees from the area (n= 63) were
traced and tested, and 8 were positive for SARS-CoV-2, including
1 asymptomatic employee (positivity rate, 13%). After the last
asymptomatic positive COVID-19 case was diagnosed on April
13, no additional positive cases were identified or detected in that
area. Importantly, there were no positive cases of COVID-19
among patients who visited this area during their care at our insti-
tution and up to 14 days from the last diagnosed employee.

Cluster 2

Based on our surveillance by evaluating every positive HCW, we
identified 4 employees who worked on the same inpatient floor
but in different units who tested positive for SARS-CoV-2 between
April 3 and April 6, 2020. All 4 HCWs experienced respiratory
symptoms before testing and were quarantined at home according
to our institutional policies once symptoms were reported. After
investigation, we determined that the employees did not work
together during that period and did not have contact with known
COVID-19 patients in the hospital. All employees wore a mask
while in contact with patients, and no nosocomial transmission
was detected for at least 4 weeks from cluster identification.
Community exposure and transmission were suspected.

Cluster 3

In cluster 3, 2 coworkers who shared the same office were diag-
nosed with COVID-19 on April 17 and April 21, respectively.
One of these employees had symptom onset on April 17, and after
evaluation at an outside facility, SARS-CoV-2 testing was not done.
After symptoms were reported to our employee health department
on April 21, a SARS-CoV-2 test was positive. The last day on cam-
pus for that employee was April 17. The second employee who
shared the same office and did not have symptoms underwent test-
ing on April 21 as part of our contact tracing (last day at work),
which was positive. Their work areas are ~2 m apart, and although
both reported wearing masks at work, they occasionally pulled

them off when talking on the phone. Neither employee had had
patient contact.

Employee health and infection control assessments

At the beginning of the COVID-19pandemic in the United States,
several policies related to COVID-19 and employees were estab-
lished at our institution. We implemented multidimensional
strategies to prevent exposure and transmission of SARS CoV-2
in our healthcare setting:

1. Reduced the workforce access to the institution
2. Enabled remote work from homewith information technology

support
3. Reduced by half of inpatient and outpatient care activities at

our institution by April 2020.
4. Initiated entry-point screening for respiratory symptoms and

travel history for patients and employees with separate entry-
point access

5. Gradual reduced the number of visitors accompanying
patients from 2 to none per patient.

6. Required personnel protection equipment for all employees,
for example, to wear face masks in clinical or nonclinical areas
of the institution at all times (as of April 1, 2020)

7. Implemented constant communications for all employees to
heighten awareness, to perform self-monitoring, to not report
to work when ill, to use and preserve personnel protective
equipment, and other strategies.

8. Enhanced daily and terminal cleaning in clinical and common
areas including team rooms and breakrooms with focus on
high-touch surface areas such as elevators buttons, door
knobs, and keyboards

9. Implemented social distancing including limiting in-person
meetings and individuals in elevators to 5 or less

10. Provided access to SARS-CoV-2 testing for symptomatic or
asymptomatic employees.

11. Monitored compliance with best practices such as universal
masking, social distancing in work rooms, and hand hygiene,
and addressing noncompliance instantaneously

12. Promoted self-reporting by employees of any COVID-19–
related safety concerns via e-mail, an online reporting system,
or by telephone through a COVID-19 hotline.

13. Based return-to-work policies for SARS-CoV-2–positive
employees on the Centers for Disease Control and
Prevention (CDC) recommendations. We chose the

Table 1. Description of Cases of Cluster 1

Employee No. Onset of Illness Positive SARS-CoV-2 Test Employee Area Last Day of Work

1 3/30/2020 4/1/2020 Ancillary services unit 3/31/2020

2 3/31/2020 4/5/2020 Ancillary services unit 4/1/2020

3 3/30/2020 4/1/2020 Ancillary services unit 4/1/2020

4 4/2/2020 4/7/2020 Ancillary services unit 4/2/2020

5 3/27/2020 4/9/2020 Ancillary services unit 4/7/2020

6 4/7/2020 4/9/2020 Ancillary services unit 4/7/2020

7 3/30/2020 4/10/2020 Ancillary services unit 4/3/2020

8 Asymptomatic testing 4/13/2020 Ancillary services unit 4/15/2020
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“symptom or time-based strategy” for return-to-work which
entailed returning to work at least 10 days after symptoms first
appeared with resolution of fever for 72 hours without the use
of fever-reducing medications, and respiratory symptoms
must have returned to baseline. The “time-based strategy,”
which is utilized for employees with laboratory-confirmed
SARS-CoV-2 without symptoms, is 10 days since the date
of the positive test. Employees who are isolated for any reason
must receive clearance from the employee health department
to return to work.

Discussion

Continued prioritization of SARS-CoV-2 transmission prevention
in HCWs is crucial to reducing the impact of the COVID-19
pandemic on vulnerable patients and healthcare systems until
an effective vaccine and treatments are developed. Herein, we
report the investigation and prompt mitigation of 3 clusters of
HCWs with COVID-19 at a large cancer center. Clusters 1 and
3 were associated with the work environment, whereas cluster 2
was most probably not. For cluster 1, 7 employees became ill with
respiratory symptoms within 3 days of attending a small gathering
in a break room and the eighth employee was asymptomatic and
tested positive as part of the active investigation and surveillance
testing. The index case was the person who was symptomatic
prior to the gathering and who had delayed testing. For cluster
3, transmission occurred in a close environment between 2
employees who share the same office where masking was not
practiced at all time.

Multiple studies have shown that HCWs make up a significant
proportion of COVID-19 cases. In the United States, 19% of the
reported COVID-19 cases to the CDC were HCWs.28 In a
single-center case series in China, up to 29% of COVID-19 were
HCWs.29 HCWs also frequently interact with vulnerable, at-risk
populations such as patients with cancer and could transmit the
disease unknowingly. Thus, strict measures such as appropriate
personnel protective equipment and testing should be prioritized
for HCWs who have frequent contact with infected individuals.
Figure 2 depicts the cumulative incidence of confirmed employees
and patients with COVID-19 at our institution as of June 10, 2020.

From these clusters of cases, we established the high likelihood of
transmission of SARS-CoV-2 to >1 individual from indoor expo-
sure during gatherings and, thus, the importance of limiting number
of personnel present in confined areas and of social distancing.9–11

We suspect that social distancing in conjunction with universal face
masks would have prevented this outbreak.9–11 In addition, and
most importantly, a low threshold for suspecting and testing for
COVID-19 in otherwise healthy individuals with minimal or mild
respiratory symptoms is of utmost importance.

Around the world, continuous and vigorous efforts are ongoing
to determine the best practices for limiting the spread of SARS-
CoV-2 within communities and healthcare facilities, which have
been at the epicenter of the pandemic. Respiratory viruses are
spread by direct contact or by droplet transmission produced by
infected individuals from coughing or sneezing, for example,
and by direct contact with secretions followed by self-inoculation
to the eyes, nose, and mouth. Thus, prevention measures have
focused on using masks, washing hands, and enhanced cleaning
of areas that could have been touched by an infected person.10

In general, large respiratory droplets (>5 μm) remain in the air
for a short time and travel short distances; hence, maintaining

at least 2 m between people is recommended to help prevent
infection.10,11 Specifically, several studies on SARS-COV-2 have
demonstrated not only droplet transmission of the virus10,11 but
also a less common route of airborne transmission that translates
into the virus remaining longer in the air and travelling >2 m away
from the infected individual. Furthermore, a recent report from
China on a cluster of COVID-19 cases in a restaurant demon-
strated how droplet transmission can be affected by the direction
of the air-conditioned ventilation, which can propagate droplets
and increase transmissibility.10,12 Studies conducted during and
after the SARS epidemic in 2003 suggested that airborne spread
may have played an important role in the transmission of that
disease, since some of these droplets could be aerosolized in some
circumstances.13–15 To determine the pattern followed by SARS-
CoV-2, and if similar to SARS, more data are needed as experts
cannot agree about airborne potential to date.16 In addition,
SARS-COV-2 may remain stable for days on different surfaces
in the environment including plastic and stainless steel, copper,
and cardboard.19 Whether these fomites translate into an efficient
route of transmission among those who are not in direct contact
with infected patients remains to be determined.17 In addition
to the heterogeneity of the transmission pathways, other important
aspects that affect the spread of a respiratory virus include the
degree of infectivity of each individual, the lack of previous
immunity, the risk of transmission by asymptomatic persons,
and the number of contacts to whom each individual may be able
to transmit the disease, as has been demonstrated in other rapidly
spreading viral infections.18–20

Given the novelty of SARS-CoV-2 and the swiftness of the dis-
ease transmission, protocols and policies for infection control and
prevention practices at the public health and hospital levels have
been changing rapidly.21,22 Currently, preventing the spread of
SARS-CoV-2 is the primary public health intervention.23 By
February 25, 2020, China had reported 3,387 infected HCWs in
Hubei alone, of whom at least 18 died, causing growing concern
among HCWs. From previous studies of respiratory viral infections,
it is known that facemasks can provide protection forHCWs against
respiratory illness, although it has been challenging to be able to
clearly define their efficacy.24 Descriptions of clustered infections
among hospital personnel have been published previously with
other coronavirus infections, including MERS and SARS, for which
the use of universal face masks and N95 masks were associated with
decreased transmission when used appropriately.18,25,26 In addition,
a cluster of COVID-19 cases from a restaurant in Wuhan, China,
highlighted the potential risk of transmission in indoor spaces,
where the use of masks and social distancing (of at least 2 m)
may have provided a level of protection and possible reduction in
transmission.10,27

As we prepare to resume full activities and reopen offices and
clinics, the risk of droplet transmission, especially in indoor
spaces in clinical and nonclinical areas, must be taken into
account. A recent study by Liu et al evaluated the concentrations
of SARS-CoV 2 in different areas of 2 hospitals in Wuhan,
China.30 The study demonstrated that most of the sites (including
ICU and patients rooms) have undetectable or very low concen-
trations of SARS-CoV-2 aerosol, except for (1) patient toilets,
probably via suspended virus-laden aerosols, (2) the protective
apparel removal rooms, probably by resuspension of virus-laden
aerosol from the surface of HCW PPE while being removed, and
(3) crowd-gathering sites where patients or other personnel
frequently pass.
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In the present report, we describe the successful containment of
COVID-19 spread among HCWs at our center, although we faced
many challenges such as timely reporting symptoms and testing
and the lag time between identifying the clusters and implementing
the mitigating strategies. In addition, many other HCWs tested
positive for SARS-CoV-2 (Fig. 2), but their infections were deemed
community acquired because most of them had had contact with a
positive household member, had travelled domestically, or had
attended a large gathering outside our institution. These clusters
of cases occurred before the implementation of strict social dis-
tancing guidelines and universal masking. Because many other
transmission-prevention measures were also implemented at our
institution, we were not able to determine the distinct impact of
universal masking in the workplace when additional measures
are in place such as active surveillance, robust screening, and/or
testing program as well as strict infection control practices such
as hand hygiene.

Our report has several limitations. First, we did not conduct an
experimental study to evaluate the droplet or airborne transmis-
sion routes or ventilation systems, which have been key in other
investigations. Second, we did not obtain genotypic data on the
SARS-CoV-2 samples from our HCWs, and lastly, some aspects
of our case descriptions are subject to bias recollection from the
employees, a limitation inherent in all survey studies. However,
our report relates several educational points that we believe will
be of great use by other medical centers.

In conclusion, a high level of alert and active surveillance are
needed, especially in healthcare facilities, to early detect and pre-
vent the spread of any respiratory viral infection, not only in in-
patient care areas but also in areas with no direct patient contact.
As we prepare to reopen activities and to prevent the spread of
COVID-19 in healthcare facilities, special attention must be placed
on gathering areas, food services areas, and break rooms on cam-
pus. In addition, universal masking, social distancing, contact trac-
ing, appropriate testing capacity, and compliance with institutional
policies are of utmost importance in the mitigating the spread of
COVID-19.

Acknowledgments. We thank Tamara Locke from Scientific Publications,
Research Medical Library, at The University of Texas MD Anderson Cancer
Center.

Financial support. This research was supported by the University Cancer
Foundation via the Institutional Research Grant program at The University
of Texas MD Anderson Cancer Center, as well as by the National Institutes
of Health/National Cancer Institute (grant no. P30CA016672).

Conflicts of interest.All authors report no conflicts of interest relevant to this
article.

References

1. Wu JT, Leung K, Bushman M, et al. Estimating clinical severity of COVID-
19 from the transmission dynamics in Wuhan, China. Nat Med
2020;26:506–510.

2. Chen N, ZhouM, Dong X, et al. Epidemiological and clinical characteristics
of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: a
descriptive study. Lancet 2020;395:507–513.

3. Coronavirus disease (COVID-19) pandemic. World Health Organization
website. https://www.who.int/emergencies/diseases/novel-coronavirus-2019?
Published 2020. Accessed November 12, 2020.

4. Chan JF, Yuan S, Kok KH, et al. A familial cluster of pneumonia associated
with the 2019 novel coronavirus indicating person-to-person transmission:
a study of a family cluster. Lancet 2020;395:514–523.

5. Zangrillo A, Beretta L, Scandroglio AM, et al. Characteristics, treatment,
outcomes and cause of death of invasively ventilated patients with
COVID-19 ARDS inMilan, Italy.Crit Care Resusc 2020 Apr 23. Epub ahead
of print. PMID: 32353223.

6. Bhargava A, Fukushima EA, Levine M, et al. Predictors for severe COVID-
19 infection. Clin Infect Dis 2020;71:1962–1968.

7. Yan Y, Yang Y, Wang F, et al. Clinical characteristics and outcomes of
patients with severe covid-19 with diabetes. BMJ Open Diabetes Res Care
2020;8:e001343. doi: 10.1136/bmjdrc-2020-001343.

8. Chemaly RF, Shah DP, Boeckh MJ. Management of respiratory viral infec-
tions in hematopoietic cell transplant recipients and patients with hemato-
logic malignancies. Clin Infect Dis 2014;59 suppl 5:S344–S351.

9. Chughtai AA, Seale H, MacIntyre CR. Availability, consistency and
evidence-base of policies and guidelines on the use of mask and respirator

Fig. 2. Summary of the cumulative incidence of confirmed COVID-19 cases among our employees and patients.

Infection Control & Hospital Epidemiology 801

https://doi.org/10.1017/ice.2020.1315 Published online by Cambridge University Press

https://www.who.int/emergencies/diseases/novel-coronavirus-2019?
https://doi.org/10.1136/bmjdrc-2020-001343
https://doi.org/10.1017/ice.2020.1315


to protect hospital healthcare workers: a global analysis. BMC Res Notes
2013;6:216.

10. Morawska L. Droplet fate in indoor environments, or can we prevent the
spread of infection? Indoor Air 2006;16:335–347.

11. Zou L, Ruan F, Huang M, et al. SARS-CoV-2 viral load in upper
respiratory specimens of infected patients. N Engl J Med 2020;382:
1177–1179.

12. Lu J, Gu J, Li K, et al. COVID-19 Outbreak associated with air
conditioning in a restaurant, Guangzhou, China, 2020. Emerg Infect Dis
2020;26:1628–1631.

13. Yu IT, Qiu H, Tse LA, Wong TW. Severe acute respiratory syndrome
beyond Amoy Gardens: completing the incomplete legacy. Clin Infect Dis
2014;58:683–686.

14. Li Y, Huang X, Yu IT, Wong TW, Qian H. Role of air distribution in SARS
transmission during the largest nosocomial outbreak in Hong Kong. Indoor
Air 2005;15:83–95.

15. Booth TF, Kournikakis B, Bastien N, et al. Detection of airborne
severe acute respiratory syndrome (SARS) coronavirus and environmen-
tal contamination in SARS outbreak units. J Infect Dis 2005;191:
1472–1477.

16. Morawska L, Cao J. Airborne transmission of SARS-CoV-2: the world
should face the reality. Environ Int 2020;139:105730.

17. van Doremalen N, Bushmaker T, Morris DH, et al. Aerosol and surface
stability of SARS-CoV-2 as compared with SARS-CoV-1. N Engl J Med
2020;382:1564–1567.

18. Chowell G, Abdirizak F, Lee S, et al. Transmission characteristics of MERS
and SARS in the healthcare setting: a comparative study. BMC Med
2015;13:210.

19. Blumberg S, Lloyd-Smith JO. Inference of R(0) and transmission hetero-
geneity from the size distribution of stuttering chains. PLoS Comput Biol
2013;9(5):e1002993.

20. Blumberg S, Lloyd-Smith JO. Comparing methods for estimating R0
from the size distribution of subcritical transmission chains. Epidemics
2013;5:131–145.

21. Infection control guidance for healthcare professionals about coronavirus
(COVID-19). Centers for Disease Control and Prevention website.
https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control.html.
Published 2020. Accessed November 11, 2020.

22. Guidance on preparing workplaces for COVID-19. Occupational Safety and
Health Admistration website. https://www.osha.gov/Publications/
OSHA3990.pdf. Accessed November 11, 2020.

23. Omer SB, Malani P, Del Rio C. The COVID-19 pandemic in the US: a clini-
cal update. JAMA 2020;323:1767–1768.

24. Offeddu V, Yung CF, Low MSF, Tam CC. Effectiveness of masks and res-
pirators against respiratory infections in healthcare workers: a systematic
review and meta-analysis. Clin Infect Dis 2017;65:1934–1942.

25. VariaM,Wilson S, Sarwal S, et al. Investigation of a nosocomial outbreak of
severe acute respiratory syndrome (SARS) in Toronto, Canada. CMAJ
2003;169:285–292.

26. Nicolle L. SARS safety and science. Can J Anaesth 2003;50:983–988.
27. Bahl P, Doolan C, de Silva C, Chughtai AA, Bourouiba L, MacIntyre CR.

Airborne or droplet precautions for health workers treating COVID-19?
J Infect Dis 2020. doi: 10.1093/infdis/jiaa189.

28. CDC Weekly MMWR: Characteristics of Health Care Personnel with
COVID-19 — United States, February 12–April 9, 2020 / April 17, 2020
/ 69(15);477–481

29. Lai X, Wang M, Qin C, et al. Coronavirus disease 2019 (COVID-2019)
infection among health care workers and implications for prevention mea-
sures in a tertiary hospital in Wuhan, China, JAMA Netw Open. 2020;3(5):
e209666. doi: 10.1001.

30. Liu Y, Ning Z, Chen Y, et al. Aerodynamic analysis of SARS-CoV-2 in two
Wuhan hospitals, Nature. 2020.

802 Ella J. Ariza-Heredia et al

https://doi.org/10.1017/ice.2020.1315 Published online by Cambridge University Press

https://www.cdc.gov/coronavirus/2019-ncov/hcp/infection-control.html
https://www.osha.gov/Publications/OSHA3990.pdf
https://www.osha.gov/Publications/OSHA3990.pdf
https://doi.org/10.1093/infdis/jiaa189
https://doi.org/10.1001
https://doi.org/10.1017/ice.2020.1315

	Surveillance and identification of clusters of healthcare workers with coronavirus disease 2019 (COVID-19): Multidimensional interventions at a comprehensive cancer center
	Setting
	Case definition
	Description of Clusters
	Cluster 1
	Cluster 2
	Cluster 3

	Employee health and infection control assessments
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


