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ABSTRACT

Background and study aims The COVID-19 pandemic

has disrupted routine medical care due to uncertainty re-

garding the risk of viral spread. One major concern for viral

transmission to both patients and providers is performing

aerosol-generating procedures such as endoscopy. As

such, we performed a prospective study to examine the ex-

tent of viral contamination present in the local environment

before and after endoscopic procedures on COVID-19 posi-

tive patients.

Materials and methods A total of 82 samples were col-

lected from 23 surfaces in the procedure area of four COV-

ID-positive patients undergoing upper endoscopic proce-

dures. Samples were collected both before and after the

procedure. severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2) RNA was extracted and quantified using re-

verse transcription quantitative polymerase chain reaction

with primers to detect nucleocapsid RNA, and results re-

ported as the number of viral copies per square centimeter

of contaminated surface.

Results A total of six positive samples were detected from

three of the four patients. The floor beneath the patient

bed was the most common site of viral RNA, but RNA was

also detected on the ventilator monitor prior to the proce-

dure and the endoscope after the procedure.

Conclusions The risk of SARS-CoV-2 transmission asso-

ciated with upper endoscopy procedures is low based on

the low rate of surface contamination. Some surfaces in

close proximity to the patient and endoscopist may pose a

higher risk for contamination. Patient positioning and oxy-

gen delivery methods may influence the directionality and

extent of viral spread. Our results support the use of appro-

priate personal protection to minimize risk of viral transmis-

sion.
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Introduction
The novel development of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has resulted in the coronavirus
2019 (COVID-19) pandemic with, to date, over 35 million cases
and 1 million deaths worldwide [1]. Besides its direct impact on
patients [2], COVID-19 has disrupted essential hospital proce-
dures, such as endoscopy, due to concerns of viral transmission
[3–7]. Endoscopic examinations are of particular interest due to
the high levels of aerosols generated [8], increasing the risk of
viral transmission directly and via contact with contaminated
surfaces [9]. Guidelines have been developed for appropriate
use of personal protective equipment (PPE) by endoscopists
that, when stringently followed, have been associated with
only slightly increased risk of seroconversion for healthcare
workers [3, 10]. However, the extent to which endoscopic pro-
cedures on COVID-positive patients can lead to viral dissemina-
tion has not been thoroughly examined. By collecting surface
swabs in the close proximity of patients undergoing endoscopy
followed by quantification of SARS-CoV-2 viral RNA via reverse
transcription quantitative polymerase chain reaction (RT-
qPCR), we set out to prospectively quantify viral distribution
generated by endoscopic procedures in order to better under-
stand major sources of risk.

Materials and methods
Environmental samples were collected from surfaces before
and after four patients underwent upper endoscopy. Patients
had previously tested positive for SARS-CoV-2 an average of
6.5 days (SD: 3.0 days) prior to procedure. Three of the four pa-
tients were symptomatic, exhibiting active respiratory distress
at the time of the procedure. Patient characteristics were com-
piled alongside procedure details (▶Table 1). All procedures
were performed in the left lateral decubitus position on a pro-
cedure bed, approximately 1m in height above the floor.

The endoscopic procedure for Patient A was performed at
the bedside in a non-negative pressure patient room, which
was not decontaminated prior to the procedure. Procedures
for patients B to D were performed in an endoscopy suite re-
served for COVID-positive patients, which was decontaminated
by environmental staff between each patient procedure. All
pre-procedure swabs for these patients were done after decon-
tamination, but prior to or immediately after patient arrival.
Post-procedure swabs were done prior to patient departure or
decontamination. Environmental surface samples were collec-
ted by swabbing for 2 minutes using polyester-tipped swabs
(Isohelix) pre-soaked for 1 minute in DNA/RNA Shield (Zymo
Research). Swab tips were then placed into vials containing
400 uL of DNA/RNA Shield and stored at 4 °C until ready for
RNA isolation and analysis. Samples were centrifuged for 10
minutes at 1,500g to remove debris and the supernatant was
transferred to a clean microcentrifuge tube. RNA isolation and
purification were performed using QIAamp Viral RNA Isolation
kit (Qiagen) according to the manufacturer’s protocol before
storing at –80 °C. One-step quantitative Reverse Transcription
PCR was performed using the TaqPath 1-Step RT-qPCR Master

Mix (ThermoFisher) on the LightCycler 480 System (Life-
Science) in 384-well format in triplicate, using a total sample
volume of 12.5 uL per well, including 5 uL of purified template
RNA. SARS-CoV-2 N1 nucleocapsid primers and probes (IDT)
were used. Cycle threshold (Ct) values generated from a stand-
ard curve of known SARS-CoV-2 nucleocapsid plasmid (IDT)
were used to quantify RNA in our samples. A sample was con-
sidered positive if all three replicates resulted in a Ct value prior
to the terminal cycle. Viral copies were calculated and divided
by the area of the sampled surface, to account for the fact that
smaller surfaces would be expected to receive less virus. Posi-
tive results are reported in terms of viral copies/cm2.

Results

The results of this experiment are summarized in ▶Table 1.
SARS-CoV-2 viral RNA was detected from Patient A in the pre-
procedure sample of the ventilator monitor, both the pre-pro-
cedure and post-procedure samples of the floor beneath the
patient bed, and the post-procedure sample from the endo-
scope. Note that this patient had the procedure performed at
the bedside in a patient room, not a dedicated endoscopy suite,
which was not decontaminated prior to the procedure. The
overall level of virus contamination on all surfaces was low, as
the endosocope had the highest concentration of viral RNA
with 3.108 viral copies/cm2. The remaining six pre-procedure
samples and nine post-procedure samples were negative from
Patient A. Patient B had no viral RNA detected in nine pre-pro-
cedure and 12 post-procedure samples. Patients A and B had
samples collected from the isolation pad adjacent to the proce-
dure field; both samples were negative for viral RNA. Patients C
and D both had no positives out of eight pre-procedure sam-
ples, but both patients had a positive floor sample post-proce-
dure. The concentration of virus was again low, at 1.759 and
0.052 viral copies/cm2 for Patients C and D, respectively. The
remaining 11 post-procedure samples were negative. These
two patients also had samples collected from the mouth guards
used for the endoscope, which were negative.

Discussion
We present the first quantification of endoscopy-induced
SARS-CoV-2 surface dispersion. While the majority of samples
were negative for SARS-CoV-2 viral RNA, viral RNA was present
on three of the four floors sampled post-procedure, and one
procedure was associated with viral dispersion on the endo-
scope. Notably, although three patients were exhibiting re-
spiratory COVID-19 symptoms, surfaces near these patients,
such as endoscopist PPE and bed rails, were all negative post-
procedure.

These results show lower than expected SARS-CoV-2 disse-
mination in the course of upper endoscopic procedures. We at-
tribute this decreased risk of viral spread to two likely causes.
First, the use of semi-closed circuit oxygen delivery methods,
such as prior tracheostomy or procedural oxygen masks, in our
patients limited aerosolization compared to active intubation
pre-procedure [11]. Because SARS-CoV-2 viral loads are highest
in the lower respiratory tract [12], reducing aerosol-generating
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▶Table 1 Patient characteristics, locations of viral sampling, and viral PCR results from four COVID-19-positive patients undergoing endoscopic
procedures.

Total number of patients; females 4 (A-D); 1 (B)

Age, years 62 ± 8.29

Time since last positive COVID-19 test (days) 9 (A)

3 (B)

9 (C)

5 (D)

Active respiratory symptoms during procedure 3 (A, B, D)

Respiratory Mechanism 1. Tracheostomy and ventilator 2 (A, B)

2. Procedural oxygen mask (POM) without ventilator 2 (C, D)

Location of Procedure 1. Patient room 1 (A)

2. Endoscopy suite 3 (B-D)

Type of Procedure 1. Percutaneous endoscopic gastrostomy (PEG) 2 (A, B)

2. Endoscopic ultrasound biopsy (EUS) 1 (C)

3.Diagnostic esophagogastroduodenoscopy (EGD) 1 (D)

Procedure duration (minutes) 26 (A)

25 (B)

56 (C)

80 (D)

Sampling Sites Contaminated Objects % (N) Viral Copies/cm2 Patient(s) with Positive samples

Floor beneath patient bed (1m2) (PRE) 1 of 4 (25%) 0.082 A

Wall near patient bed (1m2) (PRE) 0 of 4 (0%) 0.00 –

Endoscopist shield (PRE) 0 of 4 (0%) 0.00 –

Endoscopist gown (PRE) 0 of 4 (0%) 0.00 –

Bed rails (PRE) 0 of 4 (0%) 0.00 –

Cardiac monitor (PRE) 0 of 4 (0%) 0.00 –

Endoscopy monitor (PRE) 0 of 4 (0%) 0.00 –

Ventilator (PRE) 1 of 2 (A,B) (50%) 0.437 A

Medicine control (PRE) 0 of 3 (B-D) (0%) 0.00 –

Floor beneath patient bed (1 m2) (POST) 3 of 4 (75%) 0.617 A

1.759 C

0.052 D

Wall near patient bed (1 m2) (POST) 0 of 4 (0%) 0.00 –

Endoscopist shield (at patient abdomen) (POST) 0 of 4 (0%) 0.00 –

Endoscopist gown (at patient abdomen) (POST) 0 of 4 (0%) 0.00 –

Endoscopist shield (at patient head) (POST) 0 of 4 (0%) 0.00 –

Endoscopist gown (at patient head) (POST) 0 of 4 (0%) 0.00 –

Bed rails (POST) 0 of 4 (0%) 0.00 –

Cardiac monitor (POST) 0 of 4 (0%) 0.00 –

Endoscopy cart monitor (POST) 0 of 4 (0%) 0.00 –

Endoscope (POST) 1 of 4 (25%) 3.108 A
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procedures will lower the spread of viral RNA to the environ-
ment. Second, all of the procedures in our study were conduct-
ed with patients in the left lateral decubitus position, which
may have contributed to directing expelled droplets towards
the floor rather than into the air, where they could be widely
dispersed. This is supported by the higher rate of viral RNA de-
tection on the floor compared to other surfaces, including the
PPE of nearby endoscopists.

These conclusions, however, should be confirmed by collect-
ing samples from procedures using other patient positions and/
or oxygen delivery methods. It is imperative to expand this
study to include quantification of viral RNA in airborne droplets
via air sampling, as recent evidence has demonstrated the im-
portance of airborne particles in SARS-CoV-2 transmission
[13]. The extent and duration of viral shedding by patients
must also be understood in order to assess the risk of perform-
ing endoscopic procedures. Previous research has found that
SARS-CoV-2 viral load peaks at or shortly after symptom onset
and decreases thereafter [14]. We did not measure viral shed-
ding by patients in our study, and therefore, cannot comment
on the correlation between viral load and environmental
spread. However, we do note that the patient with the shortest
time since a positive test, Patient B, generated no positive sam-
ples, suggesting that there may not be a strong association be-
tween the risk of viral transmission during endoscopy and the
recency of the patient’s last positive test for SARS-CoV-2. In ad-
dition, the method of anesthesia strongly affects the produc-
tion of aerosols or droplets, and thus, the levels of disseminated
viral RNA. The patients in this study were all sedated through-
out the procedure, which would reduce aerosol generation
and dispersion. Patients A and B were under closed-circuit ven-
tilator control, while patients C and D utilized a procedural oxy-
gen mask. The presence of post-procedure viral RNA was low
for all subjects, however, regardless of the method of respira-
tory control. This low level of viral dissemination may be ame-
liorated through the use of a mask or face covering for the pa-
tient throughout the procedure, which can be a simple low-risk
action that could have a major benefit in reducing viral spread
[3].

While prolonged procedures have an increased risk of viral
transmission [15], our results indicate that short-duration pro-
cedures generate less viral dissemination to the environment,
reaffirming that endoscopy teams strictly adhering to PPE
guidelines have minimal additional risk if care is taken to mini-
mize provider exposure [16]. It is also important to consider the
relative size of contaminated surfaces when interpreting these

results, as smaller surfaces will capture less disseminated virus.
This is highlighted by the fact that the patient mouthguards
were negative even in the presence of a positive sample from
the floor, which may be due to the larger surface area of the
floor receiving more total virus particles. However, the pres-
ence of detectible viral RNA on the floor after procedures,
along with positive pre-procedure samples from the floor and
the ventilator screen, underscores the importance of thorough
cleaning of the procedure area between patients. The quanti-
ties of virus detected in our study are comparable to those re-
ported in other studies investigating surface contamination in
hospital settings [9, 17], and generally lower than viral levels
collected from COVID-19 wards [9, 18].

This study is limited by the small number of patients studied,
as the reduction in COVID-19 cases in New York resulted in a ra-
pid decrease in COVID-positive patients who required endo-
scopic procedures.

Conclusions

Overall, our data suggest that the risk of COVID-19 contamina-
tion is present in the endoscopy suite but is relatively low com-
pared to many other settings where viral spread has been stud-
ied [9]. The continued persistence of the COVID-19 pandemic,
coupled with a potential resurgence in New York, will facilitate
future studies to investigate additional procedure types, in-
cluding colonoscopies and patients intubated within endos-
copy suites, and allow correlation of patient viral load to envir-
onmental distribution. Collecting environmental data, as per-
formed in our pilot study, will enable allow development of the
safest procedural environments for our patients and providers
in healthcare settings such as the endoscopy suite.
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▶Table 1 (Continuation)

Ventilator (POST) 0 of 2 (A,B) (0%) 0.00 –

Medicine control (POST) 0 of 3 (B-D) (0%) 0.00 –

Procedure field isolation pad (POST) 0 of 2 (A,B) (0%) 0.00 –

Mouth guard 0 of 2 (C,D) (0%) 0.00 –

Values are mean ± SD.
PRE, pre-procedure; POST, post-procedure.
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