
sensitivity and specificity for IgG, 15–21 days after symptoms onset
are 96.2% and 96.6%, respectively. Blood specimens were drawn
from 2 weeks after the specified period commencing May 14,
2020, and ending May 19, 2020.

Results

Overall, 134 ICU HCP responded to the survey: 75% were women,
47.73% were registered nurses, 9.85% were attending physicians,
26.52% were resident physicians, 6.82% were patient care assist-
ants, 6.82% were respiratory therapists, 1.52% were technicians,
and 0.76% were anesthetists. The mean age of the respondents
was 39.2 years (IQR, 28–48.5). The mean duration of work was
29.3 days (IQR, 16.0–40.0). Of 134 ICU HCP eligible staff, 13 were
excluded and 121 underwent SARS-CoV-2–specific IgG antibody
testing. One individual tested positive and 1 test result was incon-
clusive due to a faulty test kit and was removed from the analysis.
In this study, the prevalence of asymptomatic seroconversion
was 0.83%.

Discussion

Information about the prevalence of asymptomatic seroconversion
of SARS-CoV-2 in HCP is limited. In a preliminary report released
by the Centers for Disease Control and Prevention (CDC), nearly
9,282 HCP have contracted COVID-19, and 27 have died.3

Okba et al4 demonstrated that most PCR-confirmed SARS-CoV-2
patients seroconverted after 2 weeks of disease onset.4 Our study
revealed a prevalence of 0.83%, which indicates that seroconversion
in ICU HCP was a rare event. These data indicate that proper
education and utilization of personal protective equipment (PPE)
is effective.5 Additionally, ventilated patients have less aerosolization
and were housed in a negative-pressure environment in the ICU
isolation rooms, which also may have been factors in avoiding trans-
mission to HCP.

Our study has several limitations. It was conducted in a
single-center ICU and did not include long-term clinical or
laboratory follow-up. Studies with larger sample sizes in different
healthcare settings would be useful to validate the clinical impact of
our findings.
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A framework for nosocomial transmission of emerging coronaviruses

Seth D. Judson MD1 and Vincent J. Munster PhD2
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To the Editor—Over the past 17 years, 3 coronaviruses have
emerged and caused diseases with high case fatality rates. From
the severe acute respiratory syndrome (SARS) epidemic of
2002–2003, to outbreaks of Middle East respiratory syndrome
(MERS) since 2013, to the pandemic of coronavirus disease
2019 (COVID-19), coronavirus diseases have afflicted global com-
munities. Nosocomial, or healthcare-associated infections, have
been recognized with each of these diseases because the viruses that
cause these diseases are contagious, are relatively stable on surfaces,
and are potentially disseminated through medical procedures.

With the emergence of severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), the virus that causes COVID-19, many
have wondered whether personal protective equipment (PPE)
and hospital protocols are adequate to prevent transmission.
To answer these questions, it is helpful to examine prior data for
severe acute respiratory syndrome coronavirus 1 (SARS-CoV-1)
and Middle East respiratory syndrome coronavirus (MERS-CoV).

Transmission of a virus occurs when an individual sheds viable
virus that infects a susceptible host either through direct contact,
through indirect contact with a contaminated surface (fomite
transmission), or by exposure to virus-laden particles suspended
in air. These particles are aerosols, which are often divided by size
into large and small droplets.1 The term droplet transmission refers
to infection via large droplets, and airborne transmission refers to
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small droplets. Aerosol transmission can generally refer to both
categories of particles.1 These terms and the exact cut-off for drop-
let size are controversial. Given these different routes of transmis-
sion, research regarding nosocomial transmission of emerging
viruses should address the following questions: Where is viable
virus shed from infected individuals? How stable is the virus
on surfaces, in liquids, and within aerosols in clinical settings?
Through what routes of exposure and dosages of virus does infec-
tion occur? And lastly, in what situations are nosocomial transmis-
sion events occurring? Using this framework, we can assess the risks
for nosocomial transmission of emerging coronaviruses. These
characteristics for SARS-CoV-1, MERS-CoV, and SARS-CoV-2
are shown in Table 1.

During the initial epidemic of SARS, many healthcare workers
(HCWs) were infected, with estimates ranging from 18.8% to
57.7% of the total cases within outbreaks.2 Retrospective studies
showed that SARS-CoV-1 transmission was associated with
certain aerosol-generating medical procedures (AGMPs), which
can either generate or induce a patient to form virus-laden
aerosols.1 For SARS-CoV-1 transmission, these included cardio-
pulmonary resuscitation, bronchoscopy, noninvasive ventilation,
intubation, and manual ventilation.1 Viable SARS-CoV-1 was
found to be shed via secretions in the upper and lower respiratory
tracts (URT and LRT), urine, as well as in feces from patients.3 The
angiotensin-converting enzyme 2 receptor was identified as the
entry point for the virus to infect cells in the respiratory tract.
Therefore, it was presumed that direct and indirect contact were
likely sources of transmission. Given the association with
AGMPs and detection of virus in the LRT and URT, aerosol trans-
mission was also likely, although the specific relationship of aerosol
size with infection was unclear.

When MERS-CoV emerged in 2013, healthcare settings
were recognized as areas of outbreak amplification and possible
super-spreading events.2 Multiple cases of MERS among HCWs
were linked to hospital facilities in Saudi Arabia and South
Korea.2 Experimental studies of MERS-CoV found that the virus
was more stable on surfaces in temperate versus tropical environ-
mental conditions and that the stability of the virus in aerosol

decreased with increasing relative humidity.4 These findings
indicated that healthcare environments could be particular areas
of virus persistence. MERS-CoV was detected in bodily fluids,
similar to SARS-CoV-1, but MERS-CoV utilized a different host
cell receptor for entry, dipeptidyl peptidase 4 (DPP4), and it pre-
dominantly replicated in the LRT, indicating potential differences
in transmission.5

As reports emerged about a disease caused by a novel coronavirus
in China, which became known as COVID-19 and SARS-CoV-2,
respectively, nosocomial transmission was again suspected. During
the initial outbreak in China, 1,716 COVID-19 cases were confirmed
(3,019 suspected) amongHCWs as of February 11, 2020, and some of
these infections likely occurred in healthcare settings.6 Subsequently,
the pandemic spread to Italy, where at least 2,026 HCWs had been
confirmed to have COVID-19 as of March 15, 2020.7 As the United
States became a new epicenter of the pandemic, additional infections
among HCWs occurred. Similar to SARS-CoV-1, viable SARS-
CoV-2 was identified in the URT, LRT, and feces of patients, and
SARS-CoV-2 was also found to use the ACE-2 receptor.8 Stability
studies found that the virus was similarly stable to SARS-CoV-1
on surfaces and in aerosols.9 Multiple hospital surfaces and air sam-
ples were also found to be contaminated with SARS-CoV-2 RNA.10

Meanwhile, ongoing studies are evaluating where viable virus can be
detected in clinical settings and whether certain medical procedures
are associated with transmission. During these studies, it will be
important to understand the variety of environments in different
healthcare facilities. Given the similar stability of SARS-CoV-1 and
SARS-CoV-2, AGMPs likely pose an increased risk for aerosol trans-
mission of SARS-CoV-2, and healthcare surfaces could be sources of
fomite transmission. As the pandemic continues to unfurl, it will be
critical to identify which HCWs and patients may have been infected
in clinical settings and through which route of transmission. Such
research will not only allow healthcare systems to improve policies
regarding PPE and decontamination procedures but will also enable
risk assessment for healthcare personnel and patients. Although
experiments can help us understand characteristics of emerging
viruses, ultimately, multidisciplinary collaborations are required in
clinical settings to elucidate and prevent nosocomial transmission.

Table 1. Characteristics of Emerging Coronaviruses and Nosocomial Transmission

Virus
Location of
Shedding Stability Receptor

Cases Among HCWs,
No (%) Associated Settings/Procedures

SARS-CoV-1 URT3

LRT3

Urine3

Feces3

Similarly stable in aerosol
as SARS-CoV-29

ACE-2 10,002 (18.8) China 20032

386 (22) Hong Kong 20032

97 (40.8) Singapore 20032

36 (57.1) Vietnam 20032

109 (43.4) Canada 20032

Settings: hospital
Procedures: CPR, bronchoscopy, noninvasive
ventilation, intubation, manual ventilation1

MERS-CoV URT5

LRT5

Urine5,a

Feces5,a

More stable on surfaces at
temperate than tropical
conditions4

Decreased stability in aerosol
with increased relative
humidity4

DPP4 106 (13.5) Saudi Arabia
2013–20152

25 (13.4) South Korea 20152

Settings: hospital, dialysis unit

SARS-CoV-2 URT8

LRT8

Feces8

Similarly stable in aerosol as
SARS-CoV-19

Detected on hospital surfaces
and in aerosol samples10,a

ACE-2 1,716 (3.8) China 20206

2,026 (9) Italy 20207
Settings: hospital, nursing facility

Note. HCW, healthcare worker; URT, upper respiratory tract; URT, lower respiratory tract.
aRNA detected, not confirmed viable virus.
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Adverse effects of nasopharyngeal swabs: Three-dimensional
printed versus commercial swabs
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To the Editor—To date, >6 million tests for COVID-19 have been
performed in the United States, with the vast majority utilizing
nasopharyngeal sampling.1 The need for large-scale testing in
the COVID-19 pandemic has created a global shortage of commer-
cial nasopharyngeal swabs. One approach to this shortage has been
the 3-dimensional (3D) printing of nasopharyngeal swabs. Swabs
printed on a 3D printer (3D swab) differ somewhat from commer-
cially produced swabs: they having larger heads, less flexibility, and
a plastic rather than cotton or polyester fiber tip. These 3D swabs
are class 1 medical devices, and their diagnostic efficacy has been
validated through field testing.2

Guidance on the safe collection of nasopharyngeal samples
using commercial swabs is available in text and video format3,4;
however, no data are available on the adverse effects of either com-
mercial or 3D swabs, making it difficult to assess their relative
safety. To expand testing at our medical center, we printed the
Northwell prototype 3D swab using specifications obtained from
the technology transfer office at the University of South Florida.
As part of our safety assessment of this prototype, we identified
adverse effects of NP swabbing in employees using both commer-
cial and 3D swabs. Epistaxis occurred immediately or shortly fol-
lowing the removal of the swab in 5.0% of employees tested with
the 3D swab and in 8.3% of employees tested with the commercial
swab (Table 1). Epistaxis was usually mild and self-limited, although
1 employee required an emergency department visit for ongoing

epistaxis after testing with a commercial swab. Other minor adverse
effects included nasal discomfort, headache, earache, and rhinor-
rhea, which typically lasted hours to a day.

Our finding that epistaxis is equally common after the use of
3D and commercial swabs provides reassurance that 3D swabs
are a safe alternative to commercial swabs. However, the ~5%–10%
incidence of epistaxis after nasal swabbing with either commercial
or 3D swabs warrants caution in testing individuals at increased
risk for bleeding. Nursing home residents have been dispropor-
tionately affected by COVID-19, and a recent point prevalence
study of Medicare fee-for-service beneficiaries found that almost
half of 37,787 nursing home residents were treated with oral anti-
coagulants.5 Rates of epistaxis after nasal swabbing should be
studied in larger populations, including the elderly, and individ-
uals at increased bleeding risk should be monitored after the
procedure. Fortunately, less invasive methods of SARS-CoV-2

Table 1. Comparison of 3D Printed Nasopharyngeal Swabs Versus Commercial
Swabs

Variable Commercial Swab, No. 3D Swab, No.

Sample size 96 80

Epistaxis, no. (%) 8 (8.3) 4 (5.0)

Nasal discomfort 4 6

Headache 5 2

Ear discomfort 5 1

Rhinorrhea 5 1
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