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Background. There is limited information on the risk of hospital-acquired coronavirus disease 2019 (COVID-19) among high-
risk hospitalized patients after exposure to an infected patient or healthcare worker (HCW) in a nonoutbreak setting.

Methods. This study was conducted at a tertiary care cancer center in New York City from 10 March 2020 until 28 February 
2021. In early April 2020, the study institution implemented universal severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) testing at admission and retesting every 3 days through the hospital stay. Contact tracing records were reviewed for all ex-
posures to SARS-CoV-2 positive patients and HCWs.

Results. From 10 March 2020 to 28 February 2021, 11 348 unique patients who were SARS-CoV-2 polymerase chain reaction (PCR) 
negative at the time of admission underwent 31 662 postadmission tests during their hospitalization, and 112 tested positive (0.98%). 
Among these, 49 patients housed in semiprivate rooms during admission resulted in 74 close contacts and 14 secondary infections within 
14 days, for an overall attack rate of 18.9%. Among those exposed to a roommate undergoing an aerosol-generating procedure (AGP), the 
attack rate was 35.7%. Whole genome sequencing (WGS) corroborated transmission in 6/8 evaluated pairs. In addition, three transmission 
events occurred in 214 patients with significant exposure to 105 COVID-19 positive healthcare workers (1.4%).

Conclusions. The overall risk of hospital-acquired COVID-19 is low for hospitalized cancer patients, even during periods of 
high community prevalence. However, shared occupancy with an unrecognized case is associated with a high secondary attack rate 
in exposed roommates.
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Since severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection was first reported in the United States, sev-
eral coronavirus disease 2019 (COVID-19) outbreaks have 
been reported in acute care settings [1, 2]. Universal testing 
for SARS-CoV-2 at the time of hospital admission is a recom-
mended strategy to prevent nosocomial SARS-CoV-2 infection 
when the community prevalence is high. However, individuals 
early in the infection course may not have a detectable virus, 
and false-negative results may occur due to analytic reasons or 
poor sampling technique [3]. Late detection of SARS-CoV-2 in 
hospitalized patients has been described as the source of several 
reported outbreaks. Overall, for patients admitted to an acute 
care setting, the risk of SARS-CoV-2 transmission from other 
patients or infected healthcare workers is rarely described in a 
nonoutbreak setting [4–7].

New York City confirmed its first case of COVID-19 on 1 
March 2020. The first wave of the epidemic peaked in mid-
April, followed by sustained low case counts until 1 October 
2020. A  second surge soon followed with a peak in January 
2021 [8]. As part of the nosocomial risk mitigation strategy, the 
study institution implemented serial testing of all hospitalized 
patients every 3 days until discharge and regardless of COVID-
19 symptoms. We also recommended biweekly asymptomatic 
healthcare worker (HCW) testing in inpatient and procedural 
settings.

This report characterizes the risk of SARS-CoV-2 acquisition 
in hospitalized cancer patients after direct contact with an in-
fected patient or healthcare worker.

METHODS

Study Methods

Memorial Sloan Kettering Cancer Center (MSKCC) is a 514-
bed tertiary care cancer center with 22 417 annual admissions 
and 160 298 inpatient days in 2020. In total, 57% of beds are 
in shared occupancy. On 10 March 2020, polymerase chain re-
action (PCR) testing for SARS-CoV-2 was made available for 
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patients. Starting on 6 April, all patients admitted to MSKCC 
were tested on admission, and starting on 13 April all hospital-
ized patients with an initial negative test were routinely retested 
every 3 days through their hospital stay.

Patients with confirmed SARS-CoV-2 were transferred 
to designated COVID-19 units and placed in private rooms 
under airborne-contact isolation. In the event of an exposure 
to a confirmed case of SARS-CoV-2 in a patient or HCW, 
contact tracing was done for all patients. As per Centers for 
Disease Control and Prevention (CDC) guidelines, signifi-
cant exposure was defined as being within 6 feet of an in-
fected person for at least 15 minutes [9]. The exposure period 
was defined as 2 days before symptom onset or 2 days before 
positive PCR specimen collection if index case was asympto-
matic. Exposed roommates of a positive case were placed on 
droplet precautions for 14 days from last exposure, with the 
last follow-up date on 28 February 2021. Prior to routine re-
testing of all hospitalized patients, postexposure testing was 
done 5 and 12 days after last contact.

All inpatients exposed to an infected HCW were also placed 
on droplet precautions and post-discharge quarantine for 
14  days. Duration of interaction, healthcare worker role, and 
personal protective equipment (PPE) were assessed for all other 
staff exposures. Quarantined patients followed the same testing 
schedule outlined above.

Universal masking for all healthcare workers was introduced 
on 20 March 2020, followed by universal face shields on 22 April 
2020. Starting 11 April, all patients were required to wear a face 
mask during their visit at the study institution. Masking for in-
patients was implemented on 21 December 2020. N95 respir-
ators and face shields were required for healthcare workers for 
all aerosol-generating procedures (AGPs). For AGPs in shared 
rooms, the curtains are drawn, all shared equipment is moved 
from the immediate vicinity, and the roommate dons a surgical 
mask.

SARS-CoV-2 Reverse Transcription Polymerase Chain Reaction

Testing for SARS-CoV-2 RNA was performed on nasopharyn-
geal swabs (NPS) or saliva samples. SARS-CoV-2 RNA was 
detected using either a laboratory-developed test based on the 
CDC protocol, the Xpert Xpress SARS-CoV-2 test (Cepheid, 
Sunnyvale, California, USA), the Cobas SARS-CoV-2 test 
(Roche Molecular Diagnostics, Indianapolis, Indiana, USA) or 
the TaqPath COVID-19 combo test (Thermo Fischer, Waltham, 
Massachusetts, USA). Samples were reported as positive per the 
manufacturers’ instructions or laboratory protocols for the lab-
oratory developed test (LDT). Lab turnaround time from re-
ceipt of specimen was 12–24 hours. The cycle threshold (Ct) 
value for each positive sample was retrieved from each instru-
ment records. Ct values by groups are reported as means with 
standard deviation. Means between groups were compared 
using a 2-tailed t test.

SARS-CoV-2 Whole Genome Sequencing 

Whole genome sequencing (WGS) was performed on all avail-
able samples with a Ct value <30. Total viral nucleic acids was ex-
tracted from 200 µL of NPS or saliva samples on the KingFisher 
Flex Magnetic Particle Processor using the MagMAX Viral/
Pathogen Nucleic Acid Isolation Kit (Thermo Fisher Scientific, 
Waltham, Massachusetts, USA). Amplicon sequencing was 
performed following the Artic protocol with version 3 primers 
(Integrated DNA Technologies [IDT], Coralville, Iowa, USA). 
Following cDNA synthesis and multiplexed PCR, libraries 
were prepared for the 2 amplicons pools using the Nextera XT 
DNA kit and sequencing done on an Illumina Miseq (Illumina, 
San Diego, California, USA) as paired end (2 × 150 base pair 
reads).

Bioinformatic Analysis

SARS-CoV-2 lineage assignments was performed using 
the Pangolin COVID-19 lineage assigner web application 
(https://pangolin.cog-uk.io/) (ref: PMID: 32669681). Whole 
genome, single-nucleotide polymorphisms (wgSNPs) anal-
ysis was performed using the Bionumerics version 7.6 soft-
ware (bioMérieux Inc, Austin, Texas, USA). SARS-CoV-2 
FASTQ files were imported into the Bionumerics software and 
mapped to the Wuhan-Hu-1 SARS-CoV-2 reference genome 
(NC_045512). SNP analysis was performed using the default 
SNP filtering function with cluster analysis performed using 
the categorical (SNPs) similarity coefficient and the complete 
linkage method.

MSKCC Institutional Review Board reviewed the study and 
granted a Health Insurance Portability and Accountability Act 
waiver of authorization.

RESULTS

Between 10 March 2020 until 28 February 2021, there were 
21 243 admissions, with 13 885 placements in a shared room. 
Because admission testing was implemented, 441/11  789 pa-
tients tested positive at the time of the admission (3.7%). For 
11 348 unique patients without a previous positive test, 31 662 
post admission tests were done during their hospitalization, and 
112 among these tested positive (0.98%). The median time to 
positive test was 4 days (range 0–70 days).

Secondary Transmission in Roommates After Contact With an 
Infected Patient

Among 112 patients with first positive test on postadmission 
testing, 49 had been housed in semi-private rooms before the 
diagnosis (median = 3 days, 1–34). This resulted in 74 close 
contact exposures in their roommates, 14 of whom eventu-
ally tested positive within two weeks. As shown in Figure 1A, 
secondary transmission after exposure to newly positive in-
patients was primarily identified during NYC surge periods 
(93%), and the overall secondary attack rate among exposed 
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roommates was 18.9% (Table 1, Figure 1B and 2). 4 sec-
ondary transmissions occurred in patients with hematologic 
malignancies, and 10 in patients with solid tumors. None 
of the 74 identified close contact encounters had a history 
of lab-confirmed COVID-19. No intermediary healthcare 

workers with COVID-19 were an alternate potential source 
during the roommate overlap period, ruling out healthcare 
worker-to-patient transmission. Visitors were not permitted 
during this time.

Among 49 index cases, the mean age was 68 (range 17–91). 
There were 11 patients with hematologic malignancies and 38 
with solid tumors; 29 patients were male (59.18%). For 74 ex-
posed roommates, most were solid tumor patients (n  =  56, 
75.68%). There were 40 male and 34 female contacts with av-
erage age of 67 years (range 4–89). In 49 index cases, 14 were 
identified on symptom triggered COVID-19 test, and 35 tested 
positive on a surveillance test. For the latter, 13 remained 
asymptomatic, 16 deemed as presymptomatic, and 6 reported 

Figure 1. A, Timing of 14 secondary cases (gray dots) among exposed roommates depicted against all laboratory confirmed patient cases diagnosed at the study institution. 
B, Shared room duration by hours with the index case. Abbreviation: MSK, Memorial Sloan Kettering. Color figures available online.

Table 1. Post-exposure Secondary Attack Rate in Patients After Exposure 
to an Infected Healthcare Worker (HCW) or Roommate

HCW Roommate

No transmission 528 (98.88%) 60 (81.08%)

Secondary infection 6 (1.12%) 14 (18.92%)

Total exposed 534 74
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symptoms on date of surveillance test. In total, 60 roommates 
exposed to 41 unique COVID-19 positive index cases did not 
develop an infection. Collectively, 152 tests were done on the 74 
exposed roommates in the 14-day monitoring period.

The median time to infection from index case diagnosis in 
exposed persons was 3 days (range 1–12 days). The exposures 
for these cases were from 9 symptomatic and 4 asymptomatic 
index cases. The mean Ct value for target 1 in index patients with 
no secondary transmission and those with transmission was 
28.62 ± 9.20 (SD) and 23.12 ± 8.09 (SD), respectively (t = 1.88, 
P = .07). There were 4 index cases with Ct value > 30 with sec-
ondary transmission to roommates (Figure 3). Secondary cases 
had similar room overlap with index cases (interquartile range 
[IQR] 39 hours) compared to close contact who did not convert 
(IQR 37 hours) (Figure 1B).

Of 74 total roommates, 14 were exposed to AGPs performed 
prior to the index case testing positive for COVID-19. Five of 14 
patients exposed to AGPs developed infection during the 14-day 
monitoring period (35.71%) (Table 2). Out of 27 index and sec-
ondary cases, whole genome sequencing was done for 22 stored 
samples that evaluated 8 complete epidemiologically linked 
pairs (index and roommate). WGS corroborated transmission 
from the index case in 6/8 infections diagnosed among exposed 

roommates as shown in Table 3, and Figures 4 and 5. For 2 pairs 
with SNP differences ≥2, 1 was possibly community acquired 
10 days after discharge, and 11 days from last exposure to the 
index case (pair 2I, 2R2). The probable alternate source of trans-
mission for the other case remains unrecognized (pair 11I, 11R).

Table 2. Aerosol Generating Procedures (AGP) Performed on Index 
Patients During Shared Room Occupancy

 AGP
Close Contact Pre-
sent During AGP

Close Contact Con-
verted to Positive %

Endotracheal intubation 
and extubation 

0 0  

Bronchoscopy 0 0  

Positive pressure ventila-
tion (BiPAP and CPAP)

6 2 33.33%

Sputum induction 0 0  

High-flow oxygen 0 0  

Tracheostomy care 0 0  

Nebulizer 7 2 28.57%

Chest physiotherapy 1 1 100%

Any AGP 14 5 35.71%

Fourteen exposed close contacts with 5 probable transmission events.
Abbreviations: BiPAP, bilevel positive airway pressure; CPAP, continuous positive airway 
pressure.

Table 3. Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) Pango Lineages of Patient Index (I) cases and Roommates (RM) or 
Healthcare Worker (HCW) and Patient (P) Pairs

Patient Type Pairs Lineage

1I Index 1 B.1

1R RM 1 B.1

2I Index 2- B.1.332

2R1 RM 2 B.1

2R2 RM 2 B.1

3I Index 3 B.1

3R RM 3 B.1

4I Index 4 B.1

5I Index 5 B.1.1

5R RM 5 B.1.1

6I Index 6 B.1.332

7I Index 7 B.1.332

8I Index 8 B.1

8R RM 8 B.1.115

9I Index 9 B.1.1.119

9R RM 9 B.1.1

10I Index 10 B.1.517

11I Index 11 B.1.1.222

11R RM 11 B.1.2

12I Index 12 B.1.1.222

13I Index 13 B.1.2

13R RM 13 B.1.2

14P Patient 14 B.1

14HCW HCW 14 B.1

15P Patient 15 B.1.314

15HCW HCW 15 B.1

16P Patient 16 B.1.1.294

16HCW HCW 16 B.1.517

Figure 3. COVID-19 transmission among 74 close contacts by shared room dura-
tion and N1 target Ct value of index patient. Abbreviations: COVID-19, coronavirus 
disease 2019; Ct, cycle threshold.

Figure 2. Attack rate among close contact exposures examined by shared room 
occupancy duration in days.
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Figure 4. Phylogenetic tree of available SARS-CoV-2 sequences for each pair of index (I) cases, their roommates (R) or the healthcare worker (HCW) and patient (P). 
Abbreviation: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

Figure 5. Similarity matrix of all pairs with available sequences. Gray: No Single Nucleotide Polymorphism Differences between pairs.*Pairs with SNP ≥2. Pair 11R-13I 
represents one patient. Positive after exposure to Index 11 but was briefly housed in a semi-private room prior to Index 11’s detection. Patient was relabeled as Index 13 
with roommate exposure. Abbreviations: HCW, healthcare worker; I, index; P, patient; R, roommates; SNP, single nucleotide polymorphism. Color figures available online.
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Secondary Transmission in Hospitalized Patients After Contact With an 
Infected HCW

During the study period, more than 17 000 employees across 
the study institution were tested, totaling over 100  000 tests. 
In sum, 105 COVID-19 positive HCWs in the inpatient set-
ting were identified, with 534 patient exposures; 214 exposures 
were considered high risk and quarantined. The index cases 
included 62 nurses, 18 physicians or advanced providers, and 
25 nursing support staff. Overall, 3 quarantined patients (1.4%) 
tested positive during the 14 day follow-up period. WGS estab-
lished transmission in two HCW-patient pairs (Figure 5, Table 
3, pair 14, 15); the third did not have adequate viral load for 
sequencing. Among 320 low risk exposures (<15 minute cumu-
lative interaction), 3 patients tested positive (0.94%). The index 
cases included 1 nurse and 2 nursing support staff; all 3 were 
symptomatic. In 1 event the patient was exposed the day before 
the nurse’s symptom onset during 2 vitals assessments lasting 
<10 minutes. Exposures to the 2 nursing support staff occurred 
within 2  days after their symptom onset and included brief 
interactions to assess patient intake and output during the day, 
lasting <10 minutes. Two pairs were excluded from WGS due 
to low viral load, while pair 16 (Figure 5, Table 3) was typed as 
different lineages with a SNP difference of 9 between the HCW-
patient strain. Overall, among the 6 suspected transmission 
events (1.12%), the median time to detection in patients after 
last HCW interaction was 5 days (range 1–11 days) and WGS 
corroborated 2/3 evaluated patient conversions.

DISCUSSION

This study describes an overall low SARS-CoV-2 nosocomial 
risk during hospitalization despite two distinct regional surges 
of widespread SARS-CoV-2 community transmission. Most 
cases of nosocomial infection occurred when community prev-
alence rates were high [10–12]. High secondary attack rates 
were observed among those in shared occupancy with an un-
recognized case, especially after exposure to AGPs. This clinical 
scenario merits strong consideration for the routine application 
of post-exposure prophylactic use of monoclonal antibodies 
among highly vulnerable patients.

Of 49 infected index cases, 45 tested positive within 14 days 
of admission with a median of 3 days. Given the median incu-
bation period of COVID-19 is 4–5 days, index cases primarily 
represented patients exposed in the community. False negative 
results are possible with SARS-CoV-2 PCR testing due to early 
undetectable viral loads or sampling technique [3].

Among 74 close contact exposures in the present study, 14 
secondary cases were detected, 75% of evaluated pairs were 
corroborated by WGS. The mean Ct of all index cases was 
27.06 ± 9.16, with a median shared room duration of fewer than 
2 days with the index case, and was not significantly different 
between source patients with and without secondary transmis-
sion. One potential reason for this observation is that contact 

tracing was based on the first detection of PCR confirmed 
COVID-19; however, the overall risk of hospital-acquired 
COVID-19 might have been influenced by the transmissibility 
of the source case. The likelihood of intermittent RNA shedding 
post-acute infection that is incidentally detected on routine sur-
veillance is one potential explanation for the lack of observed 
transmission. Studies have found a lower secondary clinical at-
tack rate >5 days from symptom onset [13, 14], and prolonged 
PCR positivity is common in cancer patients [15, 16].

Regarding high secondary attack with AGPs, prior literature 
on aerosol transmission comes from the 2003 SARS-CoV pan-
demic [17, 18], and the description of risk in COVID-19 trans-
mission remains limited to case studies [7, 19]. Our study also 
found a low attack rate from HCWs to patients in the inpatient 
setting even during close and prolonged contact (1.12%), con-
sistent with observations from other facilities [20].

The risk of acquiring COVID-19 increases with the amount 
of contact with infected individuals. The most intense expo-
sure between patients or between patients and providers oc-
curs during hospitalization for acute care. Despite the universal 
adoption of comprehensive testing and PPE practices, several 
hospital-based COVID-19 outbreaks were reported last year. 
The pandemic has also caused uncertainty and fear in cancer 
patients with frequent healthcare-related exposure, with several 
interrupting their care due to the fear of acquiring COVID-19 
and devastating consequences on the overall prognosis. The 
general secondary attack of SARS-CoV-2 in published studies 
from healthcare settings is estimated to be around 0.7% [13]. 
However, this risk is not stratified by the type of exposure within 
the acute care setting, with most studies describing secondary 
attack rates in HCW exposed to infected patients.

The availability of highly effective vaccines dramatically re-
duces the risk of COVID-19 infection and will likely have a 
considerable impact on nosocomial risk. However, there is still 
limited experience with vaccine effectiveness in real-world con-
ditions, specifically in cancer patients in whom the vaccine-
induced protection may be blunted. The practice of surveillance 
testing as a risk mitigation strategy is still being followed at 
many places as community rates decline, and especially among 
specific high-risk populations with limited protection from the 
vaccine. Our data shows risk of secondary transmission to be 
low, and the small number of cases occurred only during surge 
periods, with 13 of 14 secondary infections occurring from 
March to May 2020 or December 2020 to February 2021. This 
suggests that enhanced test-based surveillance of asymptomatic 
patients is unnecessary even in highly susceptible populations 
when the overall community risk is low, conserving testing re-
sources and reducing patient burden from repeat testing.

Although collectively our study findings provide reassurance 
on the low risk of nosocomial acquisition, additional strategies 
may be needed further to reduce the risk to patients in shared oc-
cupancy. Postexposure prophylaxis with monoclonal antibodies 
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is a promising strategy that has proven beneficial among exposed 
household contacts or nursing home residents [21, 22], and the 
Food and Drug Administration (FDA) should strongly consider 
authorizing its use in the hospital setting with comparable attack 
rates to those observed after household exposures.

Our study has several limitations. First, patients discharged 
during the monitoring period were only tested if they reported new 
symptoms, potentially missing asymptomatic infections diagnosed 
in the outpatient or other setting. Second, contact investigations 
were based on documented symptom onset or first positive test. 
Third, not all paired samples were available for WGS to confirm 
transmission events although the majority that were evaluated re-
vealed no SNP differences. Finally, the impact of COVID-19 vac-
cination in patients and healthcare workers is not measured as the 
study dates preceded broad dissemination of vaccines.

In summary, this report demonstrates an overall low risk of 
hospital-acquired COVID-19 among immunocompromised 
patients even during high SARS-CoV-2 community prevalence. 
However, postexposure prophylaxis should be considered for 
patients in shared occupancy after exposure to an infected hos-
pital roommate. In addition, despite the uncertain vaccine ef-
fectiveness in cancer patients, routine testing of asymptomatic 
patients in oncology settings is unnecessary when the commu-
nity rates are low.
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