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Abstract

Objective: Describe a severe acute respiratory coronavirus virus 2 (SARS-CoV-2) hospital outbreak and the role of serial testing of patients and
healthcare personnel (HCP) in interrupting SARS-CoV-2 transmission.
Design: Outbreak investigation.
Setting: Medical floor of a tertiary-care center in Minnesota.
Methods: Serial testing for SARS-CoV-2 and whole-genome sequencing (WGS) of positive specimens from HCP and patients were used. An
outbreak-associated case was defined as a positive SARS-CoV-2 molecular test in an HCP who worked on the floor prior to testing positive or
in a patient whowas hospitalized on themedical floor bewteenOctober 27 andDecember 1, 2020.WGSwas used to determine potential routes
of transmission.
Results: The outbreak was detected after a patient hospitalized for 12 days tested positive for SARS-CoV-2. Serial testing of patients and HCP
was conducted in response. Overall, 247 HCP and 41 patients participated in serial SARS-CoV-2 testing; 52 HCP (21%) and 19 hospitalized
patients (46%) tested positive. One additional HCP tested positive outside serial testing. The WGS of specimens from 27 (51%) HCP and 15
(79%) patients identified 3 distinct transmission clusters. WGS and epidemiologic evidence suggested intrafacility transmission. The propor-
tions of asymptomatic and presymptomatic patients who tested positive (63%) and HCP who worked during their infectious period (75%)
highlight the need for serial testing of asymptomatic patients and HCP during outbreaks.
Conclusions: Coupled with preventive measures such as personal protective equipment use and physical distancing, serial testing of HCP and
patients could help detect and prevent transmission within healthcare facilities during outbreaks and when nosocomial transmission is
suspected.

(Received 8 November 2021; accepted 6 February 2022)

Since the start of the coronavirus disease 2019 (COVID-19)
pandemic, infection with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has occurred among patients
and healthcare personnel (HCP). SARS-CoV-2 outbreaks have
been reported in skilled nursing facilities1,2 and hospitals.3–6 To
prevent infection of vulnerable individuals, the Center for
Medicare and Medicaid Services (CMS) has required federally
certified nursing homes to conduct daily symptom screening
and routine screening tests for staff based on county test-posi-
tivity rates.7,8 Testing a group of people at a single point in time
is called a point-prevalence survey.9 The CMS requires nursing
homes that detect even a single SARS-CoV-2 infection in

residents or HCP to conduct repeated point-prevalence surveys,
sometimes called serial testing, to define the extent of SARS-
CoV-2 transmission and to inform efforts to prevent ongoing
spread among residents and HCP.1 The Centers for Disease
Control and Prevention (CDC) recommendations have guided
implementation of these interventions.10 Some states have
implemented similar requirements for state-regulated assisted
living facilities.11 In the hospital setting, screening of HCP for
signs and symptoms of COVID-19 before the work shift has
been conducted throughout the pandemic as required by
CMS,12 but serial SARS-CoV-2 testing of asymptomatic HCP
has not been widely implemented, in part because of limitations
in personnel resources and laboratory capacity. Here, we
describe management of a SARS-CoV-2 outbreak on a hospital
medical floor (1) to demonstrate the role of serial testing during
outbreaks and when nosocomial transmission is suspected and
(2) to describe how whole-genome sequencing (WGS) of SARS-
CoV-2 specimens can support epidemiologic data to understand
transmission dynamics.
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Index case

On October 16, 2020, an 81-year-old patient was admitted to a
50-bed medical floor, primarily serving cardiology patients, for
exacerbation of congestive heart failure. The patient had a negative
molecular COVID-19 test performed at a different facility on this
day. On October 21, the patient tested negative for SARS-CoV-2
(Cepheid GeneXpert Xpress, Sunnyvale, CA) prior to a cardiac
procedure. On October 27, the patient was tested for SARS-
CoV-2 prior to discharge, and this specimen yielded a positive
result on October 30. SARS-CoV-2 IgG antibody testing
(Abbott, Lake Forest, IL) conducted on October 30 was negative
and a repeated SARS-CoV-2 in-house molecular test (Cepheid
GeneXpert Xpress, Sunnyvale, CA) was positive. This patient
was suspected to have a hospital-acquired case of COVID-19 given
the prior 2 negative tests on day 1 and day 6 of hospitalization and
that the positive test occurred on day 12.

Hospital procedures in place prior to the detection of this case
included testing of asymptomatic patients (1) upon admission
from a congregate living setting; (2) prior to an aerosol-generating
procedure, cardiology procedure, or surgery, when pregnant; or (3)
prior to placement into a skilled nursing facility. A standard proc-
ess for contact tracing and risk assessment of HCP SARS-CoV-2
exposures was in place to identify occupational and nonoccupa-
tional high-risk exposures for postexposure quarantine. A high-
risk exposure was defined as close prolonged contact (within 2
m or 6 feet for at least 15minutes within a 24-hour period) without
appropriate personal protective equipment (PPE) with a person
with confirmed COVID-19 based on the latest CDC interim guid-
ance for management of healthcare personnel with SARS-CoV-2
infection or exposure to SARS-CoV-2 at that time.13 When con-
ducting aerosol-generating procedures on a COVID-19–positive
patient, appropriate PPE included a respirator, eye protection,
gown, and gloves. For all other interactions, a level-1 ASTMmedi-
cal-grade mask and eye protection were considered appropriate
PPE.13 HCP with high-risk exposures were required to quarantine
from work for 14 days from the date of exposure and were tested
5–7 days after exposure. HCP positive for SARS-CoV-2 were
required to isolate for at least 10 days. Requirements for HCP
use of eye protection (face shields or safety glasses) during all direct
patient-care interactions, universal HCP masking, and patient
masking while outside their rooms had been in place since April
2020. Patient mask use was not enforced in patient rooms. On
October 30, when the index case was identified, 1 HCP working
on this medical floor was isolating at home due to COVID-19.

Methods

Outbreak response

To prevent further spread among HCP and patients, the hospital
initiated voluntary serial testing on the affected medical floor on
November 1, 2020.Weekly SARS-CoV-2 reverse transcription pol-
ymerase chain reaction (RT-PCR) testing of HCP anterior nasal
swab specimens (Luminex Aries SARS-CoV-2 assay, Luminex
Corporation, Austin, TX, or Cepheid GeneXpert SARS-CoV-2)
was conducted through December 1, 2020. Minnesota
Department of Health (MDH) recommends conducting testing
every 3–7 days.9 At the time of the outbreak, limited test availabil-
ity, long turnaround times for results, and limited staff resources to
conduct testing constrained the ability to test at a shorter interval.
Patients were tested if they had any contact with a roommate or
HCP who tested positive for SARS-CoV-2 or if they developed

signs or symptoms consistent with COVID-19. HCP who worked
on the floor or had cared for a COVID-19–positive patient within
the previous 10 days were offered testing. HCP were identified
through electronic medical record review and through HCP and
manager interviews. All symptomatic HCP were excluded from
work and were tested. An outbreak-associated case was defined
as a positive SARS-CoV-2 RT-PCR test in an HCP who worked
on that medical floor, or patients who were hospitalized there
between October 27 and December 1. HCP symptom status and
onset date were reported retrospectively.

Respiratory specimens positive for SARS-CoV-2 were submit-
ted to the Minnesota Department of Health (MDH) Public Health
Laboratory for WGS, which was conducted by using previously
describedmethods.14 Phylogenetic relationships, including distinct
clustering of viral whole-genome sequences,15 were inferred based
on nucleotide differences via IQ-TREE (http://www.iqtree.org/)
using general time reversible substitution models16 as a part of
the Nextstrain (https://nextstrain.org/) workflow.17 This activity
was reviewed by the CDC and was conducted consistent with
applicable federal law and CDC policy (45 CFR part
46.102(l)(2), 21 CFR part 56; 42 USC sect. 241(d); 5 USC sect.
552a; 44 USC sect. 3501 et seq).

COVID-19 infection prevention and control practices

On November 10, 2020, the hospital implemented universal
patient testing upon admission. Most rooms on the medical floor
were double occupancy. On November 19, all hospitalized patients
were asked to mask in the presence of HCP. In early November,
HCP on the hospital floor were given the option to wear N95 res-
pirators for routine care of patients not known to have COVID-19.
On November 17, visitation restriction was reinstituted after being
rescinded in July 2020. On December 2, the hospital implemented
universal eye protection at all times (not just during direct patient
care) in response to HCP absence associated with COVID-19 iso-
lation and quarantine due to increasing transmission.

Results

In total, 247 (68%) of 361 HCP working on the outbreak medical
floor were tested in association with this outbreak, including 13
HCP with documented high-risk exposures to patients. Overall,
338 specimens from 247 HCP, and 73 specimens from 41 patients
were tested. We identified 72 outbreak-associated cases of SARS-
CoV-2 infection: 53 cases in HCP, including 1 HCP tested outside
serial testing, and 19 cases in patients (Table 1).

Of 19 patients, 7 (37%) had signs and/or symptoms of COVID-19
and 8 patients (42%) were presymptomatic at the time of testing; 4
patients died. Patients tested positive a median of 8 days after hospi-
talization (range, 1–30 days).Of 53HCPwho tested positive, 47 (89%)
retrospectively reported having symptoms of COVID-19 on the test
date, and 1 HCP later developed symptoms although specific symp-
tom information was not collected. Moreover, 40 HCP (75%) worked
during their infectious period (2 days before through 10 days after
symptom onset or specimen collection for asymptomatic cases).18

None of the 53 SARS-CoV-2–positive HCP had a documented
high-risk exposure at work. Of the 13 HCP with high-risk exposures,
none tested positive. The epidemic curve depicting specimen collec-
tion date is shown in Figure 1 along with the number of infectious
days for patients and days worked during their infectious period
for HCP for 2 clusters closely related by WGS. The bottom part of
the figure shows that after serial testing was initiated during week
1, the number of infectious persons on the medical floor decreased.
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Among 312 HCP working on the medical floor who did not previ-
ously test positive, HCP participation decreased during the study
period, even as the number eligible per week decreased: week 1,
168 (48%) of 353; week 2, 75 (23%) of 331; week 3, 74 (23%) of
316; and week 4, 21(7%).

Whole-genome sequencing

SARS-CoV-2 WGS was completed on specimens from 15 patients
and 27 HCP (58% of total 72 positive specimens). WGS results

showed 3 distinct clusters, suggesting at least 3 points of virus
introduction into the facility (Fig. 2). Cluster A included 2 HCP
who tested positive 5 days apart. One HCP was asymptomatic,
and there was no known epidemiologic link between these 2 per-
sons except that they worked on the same floor. Cluster B included
7 patients and 6 HCP who provided care to at least 1 of those
patients. Cluster C included 8 patients, including the index patient,
and 14 HCP. All patients received care from at least 1 HCP in the
cluster, and 2 were roommates (the index patient who tested pos-
itive while sharing a room with another patient who tested positive
5 days later). For 2 HCP (MN-MDH-2071 and MN-MDH-2065),
who lived together and worked on the floor, the specimens showed
genomic similarity, but epidemiologic evidence suggested that only
1 infection was acquired at work. Together, epidemiologic data and
WGS results suggest that there were multiple virus introductions
into the facility as well as within-facility transmission.

Discussion

Overall, 72 cases were identified during this COVID-19 hospital
outbreak, and epidemiologic and molecular evidence suggest that
within-facility transmission occurred. Also, 12 SARS-CoV-2–pos-
itive patients (63%) were either asymptomatic or presymptomatic
at the time of testing. Because the unit where the outbreak occurred
primarily served cardiology patients, some symptoms were pre-
sumed to be cardiac related and might not have been initially
attributed to COVID-19. Some SARS-CoV-2–positive HCP never
developed symptoms. Anecdotally, some retrospectively reported
that they had symptoms not initially attributed to COVID-19.
Throughout the pandemic, mild or barely perceptible symptoms
consistent with COVID-19, especially those that overlap with
symptoms of seasonal allergies, have challenged HCP and the
infection prevention and occupational health teams tasked with
COVID-19 symptom screening prior to work shifts.

The findings from this study demonstrate the potential for
SARS-CoV-2 to spread within a healthcare facility, despite the
use of symptom screening and testing protocols for symptomatic
HCP. Repeated testing of patients after admission (eg, on day 3)

Table 1. Demographic and Clinical Characteristics of Confirmed COVID-19 Cases
Associated with an Outbreak on a Medical Unit—St. Louis County, Minnesota,
October–November 2020

Characteristic

HCP
(n=53)

Patients
(n=19)

No. % No. %

Sex

Male 11 21 13 68

Female 42 79 6 32

Age, median y (range) 29 (20–63) 76 (50–87)

Symptom status at time of
testinga

Symptomatic 47 89 7 37

Presymptomaticb 1 2 8 42

Asymptomatic 5 9 4 21

Worked during infectious periodc 40 75 : : : : : :

Days hospitalized before positive
test, median (range)

8 (1–30)

Note. HCP, healthcare personnel.
aAssessed retrospectively.
bPresymptomatic persons did not have symptoms at the time of testing but later developed
symptoms consistent with COVID-19.
cThe infectious period was considered to be 2 days before through 10 days after symptom
onset date, or specimen collection date for persons with asymptomatic cases14.

Fig. 1. Specimen collection date for COVID-19 patients* (top) and infectious days for patients and infectious days worked for healthcare personnel (HCP) (bottom), St Louis
County, Minnesota, October–December 2020.
*Patients are indicated by a P; HCP are indicated by empty boxes.
†Cluster A represents 2 employees who both had symptoms of COVID-19.
§ Cluster B represents 7 patients and 5 employees.
¶Cluster C represents 8 patients and 14 employees. Onset date for 1 patient is unknown.
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could help identify patients admitted during the incubation period
of SARS-CoV-2 infection. Serial testing of HCP and residents has
become a critical part of the SARS-CoV-2 detection and preven-
tion strategy in nursing homes and assisted living facilities1,19,20

and it has been recommended for other settings, such as psychiat-
ric facilities, where the inability to adhere to preventive measures
like masking and physical distancing increases the risk for intrafa-
cility transmission.21 Early identification of presymptomatic or
asymptomatic individuals facilitates the implementation of isola-
tion and quarantine to prevent further transmission.1,22

In addition to symptom-based testing, the approach to HCP
testing in acute care has included testing those with known
high-risk exposure. This approach, too, has limitations. No HCP
who tested positive during this investigation had an identified
high-risk exposure at work. Although transmission can and does
occur in healthcare settings, our previous work has shown that
HCP are more likely to test positive after household and

community exposures.23 These factors suggest that testing limited
to symptomatic HCP, and those with known occupational high-
risk exposures might miss asymptomatic, presymptomatic, and
mild cases of SARS-CoV-2 infection. In this outbreak, serial testing
of all HCP allowed detection of asymptomatic and presympto-
matic individuals, regardless of documented exposure risk in or
outside the workplace.

Emergence of the SARS-CoV-2 virus variants further under-
scores the need for rapid identification, isolation, and quarantine
of positive and exposed individuals, given that several variants are
more transmissible than earlier variants, and people who have been
fully vaccinated can be infected and spread the virus to others.24,25

InMinnesota, local (eg, county) SARS-CoV-2 infection rates influ-
ence the number of potential introductions of the SARS-CoV-2
virus into healthcare facilities (unpublished data). One publication
has reported a low risk for hospital-acquired SARS-CoV-2 infec-
tion among patients, with infection control measures in place that

Fig. 2. Phylogenetic tree showing genetic distance between available SARS-CoV-2 specimens collected from healthcare personnel (HCP) and patients, St Louis County, Minnesota,
October–December 2020.
A, B, and C refer to the unique clusters identified in the outbreak.
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were similar to those used at the hospital in this investigation.26

However, in that study, routine HCP testing was not conducted
and neither community infection rates nor background rates of
HCP absence (ie, for isolation or quarantine) were reported. All
individuals within, and moving in and out of, a healthcare facility
contribute to an ecosystem that supports or hinders SARS-CoV-2
transmission.

TheMDH has encouraged the use of serial testing by acute-care
and behavioral health facilities, including conducting repeated
point-prevalence surveys of all patients and staff in some situa-
tions.9 Point-prevalence survey testing is especially important
in situations in which (1) nosocomial transmission is suspected,
(2) patients cannot be accommodated in individual rooms, (3)
compliance with physical distancing and wearing masks is low,
or (4) there has been broad exposure to presymptomatic or asymp-
tomatic staff.9 In this testing approach, all patients andHCP should
be tested every 3–7 days until 14 days have passed since the last
positive individual was detected. The interval between repeated
testing rounds might be longer or shorter, depending on testing
capacity, the ability to divert staff to help with testing, and the abil-
ity to control factors that contribute to transmission. The use of a
shorter interval (eg, 3 days) early in the testing cycle (eg, in the first
2 weeks) will facilitate identification and isolation of cases more
quickly. Given the rapid spread of the o (omicron) variant, the
maximum interval between testing rounds might be adjusted
(eg, to 3 days) to mitigate SARS-CoV-2 transmission between
rounds.

One of the strengths of the investigationwas that the proportion
(58%) of specimens that underwent WGS was at the higher range
than those reported in other published studies (range, 13%–
65%).6,27 When this outbreak occurred, widespread sequencing
surveillance was not being conducted. WGS helps corroborate
transmission routes suspected during epidemiologic investigation.

In the hierarchy of controls for controlling exposure to occupa-
tional hazards, including SARS-CoV-2, elimination of the hazard,
engineering controls to isolate people from the hazard, and admin-
istrative controls to change how people work are favored over sole
reliance on PPE.28 Previous investigations have demonstrated
transmission within healthcare facilities among HCP, patient to
HCP, and HCP to patient, despite the recommended use of PPE
supporting the need for higher levels of control.5,29 Prompt iden-
tification of infectious patients and HCP through admission
screening and serial testing (examples of administrative controls)
can inform changes in PPE use given the situation, including use of
N95 respirators for all patient care during facility-based outbreaks
to allow for more effective PPE use.30 As a part of these efforts,
however, auditing of PPE compliance is essential. A study of a
COVID-19 hospital outbreak in Ireland demonstrated the impor-
tance of universal masking throughout the work shift, with WGS-
documented spread of SARS-CoV-2 between HCP and patients
and among HCP before and after implementation of universal
masking requirement,27 suggesting that additional controls are
necessary. This facility had a universal masking requirement for
HCP, with exceptions only while eating and on break with >2
m (6 feet) distance from others. The CDC recommendations for
HCP PPE use remain unchanged after COVID-19 vaccination.30

This study had several limitations that might have led to an
underestimation of the number of outbreak-associated cases or
contributed to unrecognized transmission pathways. First, patients
diagnosed shortly after discharge from this unit were not evaluated
for nosocomial acquisition. Second, additional chains of transmis-
sion with asymptomatic patients, visitors, and HCP might have

been missed. Third, HCP participation in voluntary SARS-CoV-
2 testing decreased as the investigation progressed. This finding
is not unique to this medical facility and suggests that mandatory
testing might be needed to get some outbreaks under control.
Fourth, HCP could have had unrecognized high-risk exposures
during work shifts or outside the hospital that contributed to trans-
mission but cannot be described here. Fifth, HCPmight have over-
stated their PPE adherence during exposure risk assessment
leading to misclassification of exposures as low risk. Suboptimal
compliance with universal masking policies in tertiary care has
been reported previously.31 There was no formal audit process
for PPE compliance, which limited the ability to understand the
role of PPE in this outbreak. Lastly, some HCP may not have been
identified for testing but spent time on the outbreak medical floor.
Notably, this outbreak occurred prior to the authorization of
COVID-19 vaccinations.

Increased prevalence of SARS-CoV-2 infection in the commu-
nity is associated with elevated risk of healthcare-related infec-
tions.2,32 SARS-CoV-2 breakthrough infections can occur in
vaccinated HCP and patients. Thus, it remains important to imple-
ment protocols that allow for detection of infectious individuals
without relying on the presence of symptoms or contact tracing
alone. Coupled with preventive measures such as PPE use, serial
testing could help detect and prevent transmission within health-
care facilities in outbreak situations or with suspected nosocomial
transmission.
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