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Background.  Health care personnel and patients are at risk to acquire severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) in health care settings, including in outpatient clinics and ancillary care areas.

Methods.  Between May 1, 2020, and January 31, 2021, we identified clusters of 3 or more coronavirus disease 2019 (COVID-19) 
cases in which nosocomial transmission was suspected in a Veterans Affairs health care system. Asymptomatic employees and pa-
tients were tested for SARS-CoV-2 if they were identified as being at risk through contact tracing investigations; for 7 clusters, all per-
sonnel and/or patients in a shared work area were tested regardless of exposure history. Whole-genome sequencing was performed 
to determine the relatedness of SARS-CoV-2 samples from the clusters and from control employees and patients.

Results.  Of 14 clusters investigated, 7 occurred in community-based outpatient clinics, 1 in the emergency department, 3 in an-
cillary care areas, and 3 on hospital medical/surgical wards that did not provide care for patients with known COVID-19 infection. 
Eighty-one of 82 (99%) symptomatic COVID-19 cases and 31 of 35 (89%) asymptomatic cases occurred in health care personnel. 
Sequencing analysis provided support for several transmission events between coworkers and in 2 cases supported transmission 
from health care personnel to patients. There were no documented transmissions from patients to personnel.

Conclusions.  Clusters of COVID-19 with nosocomial transmission predominantly involved health care personnel and often oc-
curred in outpatient clinics and ancillary care areas. There is a need for improved measures to prevent transmission of SARS-CoV-2 
by health care personnel in inpatient and outpatient settings.
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Patients and health care personnel are at risk to acquire severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in 
health care settings [1]. In hospitals, infection control meas-
ures including universal masking, use of appropriate personal 
protective equipment during patient care, and pre-admission 
and preprocedure screening are commonly used to minimize 
the risk for acquisition of SARS-CoV-2 [1–4]. Recent evidence 
suggests that these measures are effective in reducing, but not 
eliminating, the risk for SARS-CoV-2 transmission [4–12]. For 
example, transmission has been reported when COVID-19 
cases are not recognized because admission screening results 
are negative or when personnel in the presymptomatic stage 
of COVID-19 provide patient care [7–8]. Infected personnel 

can also transmit SARS-CoV-2 to coworkers despite universal 
masking [4–12]. Exposures to infected coworkers may occur in 
areas such as breakrooms or in clinical areas where personnel 
work without adequate physical distancing [1,3–5,12].

Although nosocomial transmission of SARS-CoV-2 is often 
suspected, the actual source of acquisition is frequently unclear, 
particularly in the setting of widespread community transmis-
sion. In the VA Northeast Ohio Healthcare System, a majority 
of personnel with COVID-19 denied higher-risk exposures to 
SARS-CoV-2 at work or in the community but often worked in 
the same area as infected coworkers or patients with the poten-
tial for repeated brief interactions [4,12]. In addition to clusters 
of COVID-19 on hospital wards, our infection control program 
investigated multiple clusters of cases in outpatient clinics and 
ancillary care areas. Such areas could potentially present a rel-
atively high risk for transmission because acutely infected pa-
tients are often evaluated in these areas, asymptomatic patients 
are not routinely screened before visits, and personnel often 
share workspaces. In the current study, we performed whole-
genome sequencing to investigate several clusters of suspected 
nosocomial transmission of SARS-CoV-2 in outpatient and in-
patient settings in the VA Northeast Ohio Healthcare System.
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METHODS

Study Setting

The VA Northeast Ohio Healthcare System includes a 215-
bed acute care hospital, an adjacent long-term care facility, 
and 13 community-based outpatient clinics. Of 5630 total 
system employees during the study, 793 (14.1%) worked in the 
community-based outpatient clinics, 4597 (81.7%) worked in 
the hospital, and 240 (4.3%) worked in the long-term care fa-
cility. During the study period, the hospital had a dedicated 
22-bed COVID-19 ward, and 8 beds in the intensive care unit 
were dedicated to COVID-19 patients. All hospital admissions 
as well as patients undergoing selected surgical and medical 
procedures were screened for COVID-19 symptoms and tested 
for SARS-CoV-2 by nasopharyngeal swab reverse transcriptase 
polymerase chain reaction (RT-PCR).

Personnel providing care for patients with suspected or 
known COVID-19 wore gloves, a gown, a respirator, and face 
shield; medical procedure facemasks and eye protection were 
worn during care of other patients and during interactions with 
coworkers. Personnel were required to wear facemasks unless 
in a workspace behind closed doors. It was recommended that 
personnel eat meals alone at their desks and not sit together 
during break periods. All personnel were screened for COVID-
19 symptoms on entry to the health care facility. Compliance of 
personnel with control measures including physical distancing 
and personal protective equipment use was monitored by in-
fection control staff, and feedback was provided to individuals 
and supervisors. Patients were required to wear cloth facemasks 
when out of their room or when personnel entered. No visitors 
were allowed in the hospital, and family members were not 
allowed to attend outpatient clinic visits. Testing for COVID-
19 was performed using commercial RT-PCR assays. For per-
sonnel with symptoms concerning for COVID-19 infection, 
including mild symptoms such as sore throat and nasal conges-
tion, testing was available in the hospital and outpatient clinics 
and was recommended.

Patient Consent

The study protocol was approved by the Cleveland VA Medical 
Center’s Institutional Review Board with a waiver of informed 
consent.

Contact Tracing Investigations

The Infection Control Department conducted contact tracing 
in accordance with Centers for Disease Control and Prevention 
(CDC) recommendations [1,13]. Higher-risk exposures were 
defined as 15 minutes or more of continuous or cumulative 
contact within 6 feet without wearing both a facemask and 
eye protection occurring within 2 days before symptom onset 
through the time when the source individual met criteria 
for discontinuation of transmission-based precautions [13]. 
Contacts that included contact within 6 feet but for less than 

15 minutes or while wearing both a facemask and eye protec-
tion were classified as lower-risk exposures. Personnel were 
questioned regarding contacts with coworkers both at work and 
in the community. Asymptomatic employees or patients were 
offered testing if they were identified as being at risk through 
contact tracing investigations. In clusters with large numbers 
of cases, surveillance nasopharyngeal swab testing was recom-
mended for all personnel on a ward or in an outpatient clinic 
regardless of exposure history.

For the purposes of the study, we identified clusters of 3 or 
more COVID-19 cases between May 1, 2020, and January 31, 
2021, in which nosocomial transmission was suspected. The 
study was initiated on May 1, 2020, when testing availability in-
creased, allowing testing of contacts. Clusters in the long-term 
care facility were excluded. Clusters in which 3 or more naso-
pharyngeal swab specimens were available were included in the 
sequencing analysis. For comparison, we sequenced specimens 
from 10 employees with COVID-19 with no known exposures 
related to the clusters as well as 17 patients with COVID-19 
after community exposures.

Sequencing

RNA was extracted from positive nasopharyngeal swab spe-
cimens with the QIAamp Viral RNA Mini Kit (Qiagen) ac-
cording to the manufacturer’s instructions. Using AmpliSeq 
cDNA synthesis (Illumina, San Diego, CA, USA), isolated RNA 
samples were reverse-transcribed to make cDNA libraries for 
sequencing. Libraries for SARS-CoV-2 genomic sequencing 
were prepared using the AmpliSe Library PLUS kit (Illumina) 
with the SARS-CoV-2 community panel (Illumina). This 
panel consists of 237 SARS-CoV-2-specific primer pairs and 
10 human gene expression control primer pairs. The resulting 
amplicons cover >99% of the viral genome, with amplicons 
ranging from 125 to 275 bp. The NextSeq Mid Output reagent 
kit, version 2 (Illumina, San Diego, CA, USA), was used for 
sequencing with a read length of 2  × 150  bp on an Illumina 
NextSeq550 (Illumina, San Diego, CA, USA).

Data Analysis

The raw sequencing data FASTQ file was uploaded to the 
BaseSpace sequence hub, and a consensus FASTA file was gen-
erated with SARS-CoV-2 reference sequence (NC_045512.2 
SARS-CoV-2 Wuhan-Hu-1, complete genome) using the 
DRAGEN COVID lineage App (Illumina, San Diego, CA, USA) 
with default parameter. Stringent filtering criteria were used in-
cluding only specimens with a minimum coverage of ≥95% and 
100× median coverage depth in the final analysis. The clades 
were determined using Nextcladebeta (version 0.14.2; https://
clades.nextstrain.org/).

The consensus FASTA files were downloaded and pro-
cessed through Bionumerics 7.6 (Applied Maths, Austin, TX, 
USA) for cluster and single nucleotide polymorphism (SNP) 
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analysis. The SARS-CoV-2 plugin tool was used to analyze 
the SARS-CoV-2 genomic sequences. Sequences were ana-
lyzed for SNP differences relative to the NCBI reference se-
quence for SARS-CoV-2 (NC_045512). Sequences with <2 
SNP differences were considered related if they belonged to 
the same clade. Sequences with 3 to 4 SNP differences were 
deemed to be possibly related if contact tracing indicated a 
plausible transmission event and the sequences were of the 
same clade designation. Using the advanced clustering tools, 
a similarity matrix was calculated based on the similarity 
coefficient between the isolates. The results of the similarity 
matrix were then used as input data in the Complete linkage 
clustering algorithm to generate dendrograms and calculate 
SNP differences. Only samples that met our strict filtering 
criteria were used to generate the dendrograms.

RESULTS

Contact Tracing Investigations

During the 8-month study period, 1388 patients and 584 em-
ployees were diagnosed with COVID-19 (Figure 1). The em-
ployees included 402 (68.8%) hospital employees and 182 
(31.2%) employees based in outpatient clinics. The patients 
with COVID-19 included 1236 (89.0%) outpatients and 152 
(11.0%) hospitalized patients. The peak in cases in November–
December 2020 coincided with the peak in COVID-19 cases 
occurring in the community in Northeast Ohio. Only 4 of the 
152 (2.6%) hospitalized patients with COVID-19 were sus-
pected to have a health care–associated infection based on his-
tory of exposure to personnel with COVID-19 and duration of 
hospitalization >5 days.

During the study, the Infection Control Department 
investigated 14 clusters of COVID-19 infections where 

nosocomial transmission was suspected. Table 1 shows 
the location of the clusters and the numbers of personnel 
and patients involved including the initial cases and the 
number of asymptomatic individuals screened. In each of 
the clusters, the initial cases were employees diagnosed with 
COVID-19 after known or suspected community expos-
ures, followed by suspected transmission to coworkers. Of 
the clusters investigated, 3 were in inpatient wards, 7 were in 
community-based outpatient clinics, 1 was in the emergency 
department, and 3 were in ancillary care areas including 
radiology, sleep lab, and vascular lab. In multiple areas, it 
was noted that computer workstations were separated by <6 
feet, and efforts were made to increase spacing between em-
ployees. No clusters were linked to contacts during shared 
meals or to exposures in break rooms. No clusters of infec-
tions occurred among personnel working on the COVID-19 
ward or intensive care unit.

Of 82 total symptomatic COVID-19 cases included in the 
14 clusters, 81 (99%) occurred in personnel working with in-
fected coworkers and 1 (1%) occurred in a patient receiving care 
from infected personnel (cluster A). In 6 of the clusters (C, E, 
F, G, H, I), screening of all personnel and/or patients was per-
formed regardless of documented exposure to a case. Of 802 
total asymptomatic individuals screened, 35 (4.4%) tested pos-
itive, including 31 of 720 (4.3%) employees and 4 of 82 (4.9%) 
patients. Asymptomatic individuals were more likely to test 
positive if they had a higher-risk exposure than if they worked 
in the same area but did not report a higher-risk exposure (18 
of 201, 6.0%, vs 19 of 601, 3.8%; P = 0.048). Of the 112 total em-
ployees testing positive in the cluster investigations, 70 (62.5%) 
were nurses, 38 (33.9%) were ancillary staff, and 4 (3.6%) were 
physicians.
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Figure 1.  Number of COVID-19 cases diagnosed in outpatients, inpatients, hospital employees, and employees based in community outpatient clinics. Abbreviation: COVID-
19, coronavirus disease 2019.
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Sequencing Analysis

Of 90 samples submitted for sequencing, 53 (59%) had minimum 
coverage of 95% and 100× median coverage depth and were in-
cluded in the analysis. Of the 14 clusters, 8 had >2 sequencing 
results available for analysis; 1 cluster was reported previously 
[10], and therefore 7 were included in this investigation. In 5 
of the 7 clusters, the sequencing analysis provided evidence of 
SARS-CoV-2 transmission. Figure 2 provides a dendrogram 
displaying the SNP differences between the viral sequences that 
were related or possibly related in the 5 clusters with evidence of 
transmission; 3 control hospital employee sequences that were 
related to the cluster A sequences are also shown.

Cluster A involved 2 medical wards with shared personnel. In 
cluster A, there were 2 distinct transmission clusters based on 
the sequencing results. In the first cluster, an employee (#4), a 
patient (#5) cared for by the employee and by other infected staff 
members, and 2 employee controls (#28 and #35) with sympto-
matic COVID-19 were infected by a related 20.B clade virus. 
In the second cluster, an employee (#7) and employee control 
(#34) with symptomatic COVID-19 were infected by a related 
virus, and 2 additional employees (#2 and #8) were infected by 
possibly related viruses (3–4 SNP differences). Based on chart 
review and interviews, there were no direct contacts between 
the employee controls and the cluster A employees with related 

viruses. Two cluster A  sequences were unrelated to the other 
sequences in cluster A.

In cluster B, an optometrist (#10) wearing a facemask evalu-
ated multiple patients 1–2  days before onset of COVID-19 
symptoms, and 1 patient (#11) was subsequently infected with 
a possibly related clade 20.C virus (3 SNP difference). In cluster 
D, 2 nurses working in proximity in an outpatient clinic had 
related SARS-CoV-2 viruses (#15 and #18), and a third nurse 
(#16) had a possibly related virus with 3 SNP differences; a 
fourth nurse was infected with an unrelated virus. In cluster F, 
a physical therapist implicated as a possible source of transmis-
sion had a SARS-CoV-2 virus that was distinct from 2 subse-
quently infected coworkers, but the coworkers (#22 and #23) 
had possibly related viruses (4 SNP differences). In cluster G, a 
nurse index case (#24) on a spinal cord injury unit was infected 
with a virus related to a second employee (#26) with a high-risk 
exposure; 2 employees (#3 and #25) later diagnosed on the same 
unit were infected with possibly related (4 SNP difference) vir-
uses that were distinct from the index case virus. For 2 of the 
suspected clusters (cluster C and cluster E), there was no evi-
dence of transmission based on sequence analysis.

Figure 3 provides a dendrogram displaying the SNP differ-
ences between all the viral sequences, including 17 patient con-
trol samples with COVID-19 after community exposures and 

Table 1.  COVID-19 Clusters in a Health Care System With Suspected Nosocomial Transmission Based on Contact Tracing

Cluster Setting: Initial Cases and Contacts
Dates Initial to 

Final Case
No. Symptomatic 
COVID-19 Cases

No. Asymptomatic 
Cases/No. Screened (%)

A Medical ward: 2 nurses with multiple coworker and 
patient contacts

6/19/20–7/1/20 13 employees  
1 patient

1/36 (2.8) employees  
1/31 (3.2) patients

B Outpatient clinic: optometrist with multiple patient 
contacts

10/26/20–10/28/20 1 employee  
0 patients

2/10 (20) patients

C Medical ward: nursing assistant with multiple co-
worker contacts

11/2/20–11/5/20 4 employees  
0 patients

2/87 (2.3) employees

D Outpatient clinic: 4 nurses in shared workspace 10/21/20–10/28/20 4 employees  
0 patients

N/A

E Outpatient clinic: 6 employees working in different 
areas infected

10/29/20–11/10/20 6 employees  
0 patients

9/114 (7.9) employees

F Outpatient clinic: physical therapist with patient and 
coworker contacts

11/3/20–12/1/20 13 employees  
0 patients

3/85 (3.5) employees  
1/15 (6.7) patients

G Spinal cord injury unit: nurse with coworker and pa-
tient contacts

10/15/20–11/10/20 2 employees  
0 patients

5/85 (5.9) employees  
0/26 (0) patients

H Emergency department: 6 coworkers in shared work-
space infected

7/8/20–7/25/20 6 employees  
0 patients

3/96 (3.1) employees

I Outpatient clinic: nurse with coworker contacts 11/5/20–11/30/20 9 employees  
0 patients

6/109 (3.7) employees

J Sleep lab: nursing assistant with coworker exposures 11/6/20–11/10/20 3 employees  
0 patients

0/22 (0) employees

K Outpatient clinic: 2 medical technologists with co-
worker contacts

12/24/20–1/5/20 5 employees  
0 patients

3/26 (11.5) employees

L Radiology: 4 staff cases with coworker contacts 11/27/20–12/1/20 4 employees  
0 patients

0/16 (0) employees

M Vascular lab: lab technician with coworker contacts 12/10/20–12/31/20 7 employees  
0 patients

0/12 (0) employees

N Outpatient clinic: 3 nurses in shared workspace with 
coworker contacts

12/9/20–12/29/20 4 employees  
0 patients

1/32 (3.1) employees

Abbreviation: COVID-19, coronavirus disease 2019.
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10 employee controls. One of the patient control samples (#42) 
was related to 2 cluster A samples (#4 and #5) and 2 of the em-
ployee controls (#28 and #35). None of the other patient control 
samples were related to the other samples from the clusters or 
from the employee controls.

DISCUSSION

During the study, the infection control program in our health 
care system investigated multiple clusters of COVID-19 with 
suspected transmission based on contact tracing. Nearly all the 
symptomatic and asymptomatic cases in the clusters occurred in 
health care personnel (81 of 82 symptomatic cases and 31 of 35 
asymptomatic cases). Contact tracing investigations suggested 
that initial cases in employees were acquired in the community, 
with subsequent transmission to coworkers. Sequencing anal-
ysis provided support for several transmission events between 
coworkers and in 2 cases supported transmission from health 
care personnel to patients. However, sequencing also demon-
strated that some individuals linked to the clusters based on 
contact tracing were infected with unrelated viruses. There 

were no documented transmissions from patients to personnel. 
Our findings are consistent with recent evidence that health 
care personnel are more likely to acquire SARS-CoV-2 from in-
fected coworkers than from infected patients in settings with 
good infection control measures in place and that nosocomial 
acquisition by patients is uncommon [4,10,14–15].

One notable finding from our study was that only 3 of the 
14 clusters with suspected transmission occurred on hospital 
wards. Seven of the clusters occurred in community-based out-
patient clinics, 1 in the emergency department, and 3 in an-
cillary care areas. Based on contact tracing investigations, the 
outpatient clinics and ancillary care areas were considered rel-
atively high risk for transmission among coworkers because 
personnel often shared work areas and break areas and had 
computer stations separated by <6 feet. Similar concerns re-
garding inadequate physical distancing of work and break areas 
were reported in a recent observational study on a general med-
ical ward [16]. In response to the clusters, the infection control 
program made efforts to reinforce compliance with masking 
and eye protection and to increase spacing in work and break 
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areas. For example, in areas where computer workstations were 
separated by <6 feet, new workstations were created to provide 
better spacing between employees.

The outpatient clinic and ancillary care settings could also 
present a relatively high risk for acquisition of SARS-CoV-2 
from patients. In these areas, acutely infected patients with 
relatively high viral burden are often seen by providers and 
asymptomatic outpatients are not routinely screened for SARS-
CoV-2. However, the contact tracing investigations and the 
sequencing analysis suggested that transmission from patients 
was uncommon.

Based on the sequencing analysis, 3 control employees with 
symptomatic COVID-19 were infected with viruses related to 
cluster A employees in the absence of known exposures. It is pos-
sible that the SARS-CoV-2 variant associated with cluster A was 
widely circulating with community acquisition by multiple per-
sonnel rather than nosocomial transmission. Alternatively, there 
may have been interactions between the control and cluster 
A employees that were not recollected. Because employees were 
not routinely screened for SARS-CoV-2, it is also plausible that 

employees with asymptomatic shedding of the viruses may have 
served as intermediate sources of transmission linking the con-
trol and cluster A employees. Previous studies with other patho-
gens have demonstrated that many transmissions in hospitals 
that are identified using highly discriminatory typing methods 
occur in the absence of shared ward exposure [17–18]. For ex-
ample, Eyre et al. [17] reported that 9% of Clostridioides difficile 
transmissions based on whole-genome sequencing occurred in 
patients who shared time in the hospital but were never on the 
same ward.

The estimated mutation rate of SARS-CoV-2 is 2.5 nucleo-
tides per month [11]. Based on this mutation rate, genetic 
relatedness has typically been defined as 0 to 1 or 0 to 2 SNP 
differences in cases with plausible epidemiological links [5,8–
11]. In the current analysis, we identified several instances 
where there were plausible epidemiological links between cases 
with 3 to 4 SNP differences. We deemed these cases to be pos-
sibly related. However, further studies will be needed to clarify 
whether a cutoff of 2 SNP differences is required to define 
transmission events.
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classification system. The Wuhan-Hu-1 reference genome is shown for comparison. Abbreviations: COVID-19, coronavirus disease 2019; Emp, employee; Pat, patient; SARS-
CoV-2, severe acute respiratory syndrome coronavirus 2; SNP, single nucleotide polymorphism.
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Our study has several limitations. We did not sequence all 
viruses from the clusters because some samples were not avail-
able or did not meet the stringent requirements for quality of 
sequencing. In addition, we only sequenced a small sample 
of control employee and patient samples. Thus, we cannot be 
certain that some of the transmission events did not represent 
concurrent acquisition of related viruses widely circulating in 
the community. Finally, it is possible that we underestimated 
the sequence relatedness because we used strict filtering criteria 
and both the Nextclade and Bionumerics 7.6 phylogenetic tree 
methodologies for concurrence.

In conclusion, we found that clusters of COVID-19 with sus-
pected transmission predominantly involved health care per-
sonnel and often occurred in outpatient clinics. Sequencing 
results provided evidence supporting multiple transmission 
events between coworkers and in 2 cases from health care per-
sonnel to patients. The findings contributed to development of 
improved infection control measures to limit nosocomial trans-
mission of SARS-CoV-2, including efforts to increase spacing 
between coworkers.
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