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Detection of SARS-CoV-2 in the gastrointestinal tract among
patients with negative nasopharyngeal COVID-19 testing prior
to endoscopy
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Patients and methods All patients underwent symptom
screening and had negative nasopharyngeal testing for
SARS-CoV-2 within 72 hours of their scheduled procedure.
Study samples were collected via nasopharyngeal swab,
rectal swab, and fluid from the upper gastrointestinal tract
and/or colon based on their endoscopic procedure(s). Sam-
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- i _ . ) were enrolled from July 15, 2020 to September 2, 2020.
[ s s by e 6 00 AR Cov-2 testing was erformed from 242 (99.6%) naso-
and reproduction so long as the original work is given appropriate credit. Contents pharyngeal, 243 (100%) rectal, 183 (75.3%) upper gastro-
may not be used for commercial purposes, or adapted, remixed, transformed or intestinal tract and 73 (30 %) colon samples. SARS-CoV-2
built upon. (https://creativecommons.org/licenses/by-nc-nd/4.0/) RNA was detected in the nasopharynx and gastrointestinal
Georg Thieme Verlag KG, RiidigerstraBe 14, specimens in one patient (0.4 %). After a 14-day incubation
70469 Stuttgart, Germany period, there was no evidence of virus growth in cells incu-
bated with any of these specimens.

Conclusions SARS-CoV-2 was rarely detected in the gas-
trointestinal tract of patients with negative nasopharyngeal
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testing prior to endoscopy. No live virus was detected by
culture, further highlighting that presence of viral genome
on its own is not sufficient proof of infectivity. PCR-based
screening provides limited insight into virus infectivity and
its results should be interpreted carefully as to avoid unne-
cessary delays in clinical care or inadvertent risk exposure.

Supplementary material is available under
https://doi.org/10.1055/a-1490-9234

tions, droplets and direct contact [1-5]. Endoscopy has been
regarded as high risk for infection transmission, given the de-
The novel coronavirus, SARS-CoV-2, which has infected more  mand for short physical distance between the endoscopy per-
than 75 million people and caused more than 1.6 million deaths  sonnel and the patient, and the risk of generating aerosols and
worldwide, is primarily transmitted through respiratory secre-  micro-droplets during the procedures. Several strategies have

Introduction
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been introduced to mitigate the risk of infection transmission,
with national gastrointestinal societies issuing joint guidance
recommendations regarding endoscopy during the COVID-19
pandemic [6]. Among these, patients are recommended to un-
dergo pre-procedure COVID-19 screening, performed by real-
time reverse transcriptase polymerase chain reaction (rRT-
PCR) testing via nasopharyngeal swab.

There is a growing body of evidence indicating that the gas-
trointestinal (gastrointestinal) tract is targeted by SARS-CoV-2.
A recent meta-analysis reported a pooled prevalence of 48.1%
of SARS-CoV-2 in stool samples among COVID-19 patients,
with 70.3% of these patients testing positive after respiratory
samples were negative [7]. Notably, patients with viral shed-
ding in the stool and no or mild respiratory symptoms and neg-
ative nasopharyngeal swabs would go undetected under the
current standards of practice for pre-endoscopy COVID-19
screening. However, both the prevalence and clinical signifi-
cance of virus positivity in the gastrointestinal tract remains un-
clear. This study aimed to prospectively determine: (1) whether
SARS-CoV-2 is detected in the gastrointestinal tract of patients
with negative routine nasopharyngeal COVID-19 testing prior
to their scheduled endoscopy; and (2) if the virus obtained
from these clinical specimens could be isolated in culture.

Patients and methods

This was a prospective study to determine whether SARS-CoV-2
was in the gastrointestinal tract of patients undergoing endo-
scopic procedures as part of their standard of care from July
15, 2020 to September 2, 2020. This study was approved by
the UF Institutional Review Board (IRB202000488). All authors
had access to the study data and reviewed and approved the fi-
nal manuscript.

Study participants and COVID-19 screening
procedure

All patients admitted to the endoscopy unit for a procedure(s)
were eligible for study participation. Patients had already un-
dergone routine testing for SARS-CoV-2 via rRT-PCR of naso-
pharyngeal swabs within 24 to 72 hours of their scheduled pro-
cedure as part of our institution’s mandated policy. Signed re-
search informed consent was obtained from all patients prior
to enrollment.

Sample collection for SARS-CoV-2

Sample collection for SARS-CoV-2 was performed in the endos-
copy room. Nasopharyngeal and rectal/ostomy swab sample
collections were routinely performed on all subjects as part of
the study. Additional sample collection from the gastrointesti-
nal lumen (i.e. fluid from upper gastrointestinal tract or colon
secretions) were obtained depending on the type of endoscopy
the patient had been scheduled for as part of his/her routine
care. All personnel wore personal protective equipment (PPE),
which included N95 respiratory masks (or equivalent), gowns
and eye protection [2].

Nasopharyngeal swab sample collection: The swab was in-
serted into the nostril and gently rotated inward until a depth
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equal to the distance from the nostrils to the outer opening of
the ear was reached. The swab was then rotated for 5 to 10 sec-
onds to absorb secretions [8]. Swabs were then placed in the
viral transport media (VTM). The VTM consisted of a sterile
screw-cap polypropylene tube containing 1 mL of a formulation
of brain heart infusion broth-based VTM [9].

Rectal/ostomy swab sample collection: Sample collection
was performed prior to insertion of the endoscope. The swab
was inserted approximately 1 inch into the anal canal (or ost-
omy if applicable) and rotated while swabbing from side to
side. The swab was allowed to remain approximately 10 sec-
onds to absorb secretions prior to removal and then placed in
the VTM.

Sample collection from the gastrointestinal tract: For sam-
ple collection in the gastrointestinal tract, the endoscope was
inserted into the lumen and 5- to 20-mL aliquots of luminal se-
cretions were aspirating through the suction channel. The aspi-
rate was collected into a designated specimen trap (Bard Medi-
cal; Covington, Georgia, United States) attached to the scope.
Following collection, the swab was inserted into the specimen
trap and rotated for approximately 10 seconds with the sample
to absorb the secretions. Swab samples were then placed in the
labeled VTM.

Sample handling: All specimens in their respectively labeled
VTM tubes were inserted into ice at collection, maintained re-
frigerated at 2°C to 8°C thereafter, and transported (within 48
hours from the time of collection) to the SARS-CoV-2 research
laboratory of JAL at the University of Florida (UF) Emerging Pa-
thogens Institute (EPI).

SARS-CoV-2 RNA purification and rRT-PCR

In the biosafety level 2-enhanced laboratory, RNA was extrac-
ted from the nasopharyngeal, rectal/ostomy swabs, and upper
gastrointestinal and colon fluid specimens and rRT-PCR per-
formed as detailed in the supplemental material. Two rRT-PCR
methods for the detection of the SARS-CoV-2 N-gene were
used: the CDC N2 primer system [9,10] and the Lednicky N-
gene primer system (»Table 1). If the internally developed
test and a CDC N2 primer test agreed, the sample was assigned
the consensus result. If the tests disagreed, we ran an addition-
al CDC N1 primer test to develop a consensus result.

SARS-CoV-2 isolation and culture

All procedures for viral culture followed strict laboratory biosaf-
ety guidelines and were conducted in a biosafety level 2 en-
hanced facility using biosafety level 3 working practices as de-
tailed in the supplemental material. The confirmed rRT-PCR po-
sitive SARS-CoV-2 specimens were inoculated onto Vero E6
cells (American type Culture Collection [ATCC], Manassas, Virgi-
nia, United States). The cells were then maintained ina 37°Cin-
cubator over a 14-day period, with refeeds performed at 7-day
intervals and daily observations of the cytopathic effect (CPE).

Follow-up

All patients were contacted within 72 hours (immediately if
test-positive) with the results of their SARS-CoV-2 testing. Sub-
jects with SARS-CoV-2 positivity from any of the collected spe-
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> Table1 SARS-CoV-2 N-gene rRT-PCR primers and probes.

Primer and probe Description Oligonucleotide sequence Fluorophore,
name Quencher
Led-N-F SARS CoV-2 N Forward Primer 5’-GGGAGCAGAGGCGGCAGTCAAG-3’ None
Led-N-R SARS CoV-2 N Reverse Primer 5’-CATCACCGCCATTGCCAGCCATTC-3’ None
Led-N-Probe’ SARS CoV-2 N Probe FAM-CCTCATCACGTAGTCGCAACAGTTC-BHQ1 FAM, BHQ1
2019-nCov_N2-F 2019-nCov_N2 Forward Primer 5’-TTACAAACATTGGCCGCAAA-3’ None
2019-nCov_N2-R 2019-nCov_N2 Reverse Primer GCGCGACATTCCGAAGAA None

2019-nCov_N2-P? 2019-nCov_N2 Probe

FAM-ACAATTTGC [ZEN|/ CCCCAGCGC TTCAG-3IABKF

FAM, ZEN, 3IABKFQ

1 This TagMan probe is 5'-end labeled with the reporter molecule 6-carboxyfluorescein (FAM) and with quencher Black Hole Quencher 1 (BHQ-1) at the 3'- end.
2 This TagMan probe is 5'-end labeled with the reporter molecule 6-carboxyfluorescein (FAM) and with a double quencher, ZEN Internal Quencher positioned be-
tween the ninth (9th) and tenth (10th) nucleotide base in the oligonucleotide sequence and lowa Black FQ (3IABkFQ) located at the 3’-end (Integrated DNA Tech-

nologies, Coralville, lowa, United States).

cimens were considered to have COVID-19.Positive COVID-19
patients and their health care providers were alerted immedi-
ately, provided with infectious disease consultation at UF, and
referred to the Department of Health in their respective county
[11]. All positive patients were contacted weekly to assess for
symptoms and any medical treatment received. Repeat testing
for SARS-CoV-2 via nasopharyngeal and rectal swab was plan-
ned at 30-day follow-up for positive patients. All patients, irre-
spective of testing results, were contacted to assess for COVID-
19 related symptoms at 14 to 21 days following their proce-
dure.

Data collection and statistical analysis: All data was prospec-
tively recorded using a data collection form and then entered
into a central electronic database. Data collection included pa-
tient demographics, indication and type of procedures, and
COVID-19 related symptom questionnaire (Supplemental ma-
terial). Descriptive statistics for each baseline variable was ob-
tained and expressed as mean, standard deviation (SD), median
and interquartile ranges (IQR).

Results
Study population and baseline characteristics

A total of 967 patients underwent endoscopic procedures in
our unit from July 15, 2020 to September 2, 2020. Of them,
243 patients provided research consent and were enrolled in
the study. All study subjects had negative tests for SARS-CoV-
2 on nasopharyngeal swab on routine pre-endoscopy screening
within 72 hours prior to their scheduled procedure. Tw of the
243 patients (0.82%) had prior documented COVID-19 illness.
In these two patients, COVID-19 was diagnosed 45 and 15
days prior to their scheduled endoscopy. Both patients had
symptomatic resolution with negative testing for SARS-CoV-2
from two sequential nasopharyngeal specimens collected =224
hours apart, in addition to the third negative nasopharyngeal
swab performed as part of the mandatory pre-endoscopy
screening <72 hours prior to their procedures.

Patient and procedural characteristics are summarized in
» Table 2. Most patients (177; 72.8%) reported no COVID-19
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related symptoms, with nausea/vomiting (23; 9.5%), cough
(17; 7%) and fatigue (17; 7%) being the three most commonly
endorsed among symptomatic patients. The two most common
indications for endoscopy were abdominal pain (58; 23.9%) and
dysphagia (45; 18.5%). Indications and type of endoscopic pro-
cedures are summarized in » Table 2.

Sample collection for SARS-CoV-2

Among the 243 subjects included in the study, sample collec-
tion for SARS-CoV-2 testing was obtained from nasopharyngeal
swab in 242 (99.6 %), rectal/ostomy swab in 243 (100%), from
the upper gastrointestinal tract in 183 (75.3%) and from the
colonin 73 (30%). One patient declined having a specimen col-
lected from the nasopharynx. All collected specimens were
adequate for rRT-PCR testing except for insufficient material
from one rectal and one upper gastrointestinal tract sample
from two different patients. Both patients tested negative for
all their remaining samples collected from the other sites.

SARS-CoV-2 rRT-PCR test results

One patient tested positive for SARS-CoV-2 in all her clinical
samples (nasopharynx, ostomy swab, upper gastrointestinal
tract and colon). The patient was a 65-year-old woman with an
end colostomy due to a history of multiple abdominal surgeries
complicated by a colocutaneous fistula. She had been sched-
uled for elective upper endoscopy and colonoscopy by her gas-
troenterologist for evaluation of chronic diarrhea. Forty-five
days prior to her procedures, the patient had presented with a
3-day history of fever, intractable nausea, vomiting, and head-
aches and tested positive for SARS-CoV-2 on RT-PCR from a na-
sopharyngeal swab sample. She had symptom resolution within
7 days of onset followed by two sequential negative nasophar-
yngeal specimens on days 5 and 8 after onset of illness. She also
had a third negative nasopharyngeal swab test 72 hours prior to
endoscopy. The patient and her health care provider were con-
tacted within 24 hours after she tested positive for SARS-CoV-2
in the study. The patient denied any COVID-19-related symp-
toms up to 26 days after her testing. She declined further fol-
low-up or repeat testing as part of the study.
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> Table2 Patient and procedural characteristics
Mean age (interquartile range), years
Male/Female

Race; n (%)

= Caucasian

= African American

= Asian

= Other

Comorbidities; n (%)

= Seasonal allergies

= Diabetes mellitus

= Hypertension

= Chronic obstructive pulmonary disease/asthma

= Coronary artery disease
= Chronic liver disease

= Chronic kidney disease
= Inflammatory bowel disease
= Cancer

= Tobacco use

COVID-19 related symptoms; n (%)
= Fever

= Cough

= Fatigue

= Shortness of breath

= Sputum production

= Nasal congestion

= Sore throat

= Headache

= Joint/muscle ache

= Nausea or vomiting

= Diarrhea

= Loss of taste or smell
Demographics; n (%)

= Floridaresident

= Florida non-resident

Travel outside of the United States in last 14 days; n (%)

= Yes

= No

Indications for endoscopic procedure; n (%)
= Dysphagia

= Nausea/vomiting

= Abdominal pain

Yang Dennis et al. Detection of SARS-CoV-2... Endosc Int Open 2021;

63.2 (55-73)

132/111

203 (83.5)
33(13.6)
4(1.6)
2(0.8)

110 (45.3)
57 (23.5)
118 (48.6)
33(13.6)
57 (23.5)
24(9.9)
20(8.2)
4(1.6)
7(2.9)

39(16)

10 (4.1)

237(97.5)

6(2.5)

3(1.2)

240 (98.8)

45(18.5)
18(7.4)

58(23.9)
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» Table 2 (Continuation)

= Change in bowel habits 25(10.3)
= Bloating/gas 16 (6.6)
= Blood in stool 20(8.2)
= Bowel obstruction 7(2.9)
= Pancreaticobiliary intervention 32(13.2)
= Tumor staging 8(3.3)
= Surveillance/treatment of Barrett’s esophagus 14(5.8)
= Endoscopic mucosal resection/endoscopic sub- 34(14)
mucosal dissection
= Surveillance after polyp removal 13(5.3)
= Colorectal cancer screening 6(2.5)
Type of endoscopy; n (%)
= Esophagoduodenoscopy (EGD) 126 (45.3)
= Upper endoscopic ultrasound (EUS) 36(12.9)
= Endoscopic retrograde cholangiopancreatogra- 40(14.4)
phy (ERCP)
= Small bowel enteroscopy 9(3.2)
= Colonoscopy 65 (23.4)
= Lower endoscopic ultrasound (EUS) 2(0.7)
COVID-19 testing site; n (%)
= Nasopharynx 242 (99.6)
= Upper gastrointestinal tract secretions 183 (75.3)
= Lower gastrointestinal tract secretions 73 (30.0)
= Rectal swab 243 (100)

SARS-CoV-2 rRT-PCR in COVID-19 patient

The rRT-PCR CDC N2 cycle quantification values (C,) for each
sample collection site in the COVID-19 patient are presented
in » Table 3, with the corresponding instrument output shown
in »Fig.1. The C, value represents the PCR cycle number at
which the sample’s curve intersected the threshold line. The
sample from the colon had the highest C,, followed by the one
obtained from the nasopharyngeal swab, upper gastrointesti-
nal tract, and rectal/ostomy swab.

SARS-CoV-2 culture-based isolation

Virus culture was attempted on all the SARS-CoV-2 positive
specimens isolated from the COVID-19 patient. After a 14-day
incubation period, there was no evidence of virus growth in the
Vero E6 cells incubated with the four different specimens (na-
sopharyngeal, upper gastrointestinal tract, colon, and ostomy
isolates).
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> Table3 CDCN2 rRT-PCR test results for positive case.

Specimens rRT-PCR test CDC N2 C4 Value
Positive control’ + 28.81

Negative control? - 0
Nasopharyngeal swab 4 34.64

Ostomy swab + 35.04

Upper gastrointestinal + 34.68

tract fluid

Colon fluid + 29.71

CDC, Centers for Disease Control and Prevention; RT-PCR, reverse tran-
scriptase polymerase chain reaction

T SARS-COV-2 N-gene plasmid.

2 No template control.

Follow-up

Out of the 242 patients with negative testing, 197 (81.4%)
were reached within 14 to 21 days of their procedure. None of
these patients endorsed any COVID-19 related symptoms nor
had tested positive for SARS-CoV-2. Twenty of 35 inpatients in
this study had repeat SARS-CoV-2 testing during their hospital-
ization; all of which were negative.

Discussion

The COVID-19 pandemic has spread worldwide at an alarming
pace, causing a global health crisis. Initial efforts to mitigate
the risk of infection transmission in the endoscopy unit involved
delaying all elective endoluminal procedures. As new COVID-19
diagnosis rates have begun to plateau, multiple gastrointestinal
societies have attempted to issue guidance on how to safely re-
sume endoscopic services [2,12,13]. However, much uncer-
tainty remains, given the limited availability of data to support
decision-making. There has been ongoing concern for the po-
tential of fecal-oral transmission of SARS-CoV-2 during endos-
copy given its persistence in fecal samples among COVID-19
patients [7, 14]. However, in this prospective study, we demon-
strated that in an area of intermediate disease prevalence,
SARS-CoV-2 RNA was rarely detected in the gastrointestinal
tract of patients with negative COVID-19 screening via naso-
pharyngeal swab prior to endoscopy. Importantly, even when
SARS-CoV-2 RNA was isolated from respiratory and gastrointes-
tinal specimens, infectious virus was not detected by cell cul-
ture. Our results further emphasize that the presence of viral
genome on its own is not sufficient proof of infectivity, and
calls for a word of caution when interpreting positive pre-
endoscopy PCR-based results.

In the guidance for endoscopic resumption during the cur-
rent pandemic, multiple gastrointestinal societies have recom-
mended routine pre-endoscopy testing for SARS-CoV-2 via na-
sopharyngeal swab sampling [2,12,13]. Three prior retrospec-
tive reports evaluating the implementation of universal pre-
procedure testing demonstrated that the positivity for COVID-
19 among asymptomatic patients scheduled for endoscopy is
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» Fig.1 rRT-PCR CDC N2 cycle quantification values (C,) for each
sample collection site in the COVID-19 patient are presented in
» Table 3, with the corresponding instrument output shown in

» Fig. 1. The C, value represents the PCR cycle number at which
the sample’s curve intersected the threshold line.

rare, ranging between 0.2% to 1% in areas of low to intermedi-
ate disease prevalence [15-17]. Similarly, during our study peri-
od, the cumulative percent positive in our county was 6.14%
[18], yet only one patient (1/243; 0.4%) tested positive for
SARS-CoV-2.0ur findings were comparable to infection rates
observed in patients screened prior to endoscopic procedures
across various academic and community-based endoscopy cen-
ters in the country [15,16]. The overall lower than expected
positivity rate among patients suggest the potential efficacy
of screening questionnaires in identifying those individuals at
high risk. Yet, as shown in our study, gastrointestinal manifesta-
tions of COVID-19 [7, 14] often overlap with common indica-
tions for endoscopy. In all, asymptomatic COVID-19 patients
or those with gastrointestinal manifestations but no or mild re-
spiratory symptoms remain a screening dilemma.

Universal SARS-CoV-2 testing potentially allows the identifi-
cation of COVID-19 patients that may be otherwise missed with
symptom screening alone. However, current PCR testing of na-
sopharyngeal samples has been associated with significant
variability in performance [19,20]. In our study, the patient
who tested positive for SARS-CoV-2 in all of her collected clini-
cal specimens had an initial negative nasopharyngeal swab PCR-
based test. These findings further underscore the limitations
related to the diagnostic performance of current assays and
the potential implications of either false negative or positive re-
sults on patient care and safety. Future improvement and stan-
dardization of testing assays are urgently needed.

Serial viral RNA testing in COVID-19 patients have shown
persistent stool positivity in 70.3 % of individuals despite nega-
tive respiratory samples and irrespective of symptoms, raising
concern of fecal-oral transmission by these patients who would
be otherwise missed under the current guidance recommenda-
tions for COVID-19 screening prior to endoscopy [7,20-24].
Reassuringly, our study demonstrated that the overall preval-
ence of patients with virus positivity in the gastrointestinal
tract with negative nasopharyngeal samples on pre-procedure
testing was very low (0.4%), occurring in only one patient who
had prior documented COVID-19 illness. Noteworthy, while
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PCR has become a widely accepted diagnostic strategy given its
wide application and rapid performance, it should be empha-
sized that PCR performs poorly in detecting replicative virus
and thereby provides limited insight into virus infectivity [25,
26]. In our study, none of the SARS-CoV-2-positive specimens
by rRT-PCR showed evidence of viral growth after a 14-day in-
cubation period, further alluding to the fact that RT-PCR posi-
tivity may persist significantly beyond infectivity. Our data are
consistent with those previously reported by Woélfel and collea-
gues, who demonstrated that no live virus could be isolated
from stool collected 8 days after symptom onset, in spite of
persistently high viral RNA loads in these samples [27-32]. The
significance of viral RNA detection in the gastrointestinal tract
and the possibility of oral-fecal transmission remains unknown,
as live virus isolation from the gastrointestinal tract, has not
been demonstrated [27]. Future prospective well-designed
studies aiming to evaluate the temporal association between
disease onset and viral infectivity in the gastrointestinal tract
are needed.

There are several strengths to our study. Most of the reports
on SARS-CoV-2 in stool samples from COVID-19 patients have
been retrospective and from China. To our knowledge, this is
the first prospective study from the West systematically and si-
multaneously collecting samples for SARS-CoV-2 testing from
the nasopharynx and various gastrointestinal sites. Important-
ly, our estimation of viral infectivity in the gastrointestinal tract
was based on virus isolation and culture studies, which provides
superior data with regards to viral replication as compared to
estimates based on viral load alone as detected by PCR [32].

We also acknowledge the limitations of this study. This was a
single-center study at a large tertiary care center where all pa-
tients underwent routine COVID-19 testing prior to endoscopy;
therefore, our results may not be generalizable to all endoscopy
centers worldwide. The lower than predicted rate of SARS-CoV-
2 RNA positivity in the gastrointestinal tract in this study may
have been due to selection bias, as study subjects had a nega-
tive nasopharyngeal COVID-19 screening test prior to their
scheduled procedure. Furthermore, we recognize that the per-
cent positive of COVID-19 reported in this study could have
been influenced by the relatively small sample size and may
not representative of other communities with different disease
prevalence. However, the low positivity rates from this study
are in concordance with the similarly low rates reported among
endoscopy centers in areas with different disease prevalence
[15-17]. Importantly, it should be noted that the results from
this study are also dependent on testing characteristics, which
have yet to be rigorously evaluated and validated for SARS-CoV-
2 detection. Lastly, our results should be interpreted with cau-
tion due to the very small sample size of patients with SARS-
CoV-2 positivity in the gastrointestinal tract identified in this
study. Future studies with larger sample sizes are needed to fur-
ther determine the clinical impact of virus presence in the gas-
trointestinal tract.
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Conclusions

In summary, SARS-CoV-2 was rarely detected in the gastroin-
testinal tract of patients with routine negative nasopharyngeal
PCR testing prior to endoscopy in an area of intermediate dis-
ease prevalence. None of the SARS-CoV-2-positive clinical spe-
cimens showed viral replicability in culture. Our data suggest
that the presence of viral RNA does not imply infectivity and in-
terpretation of PCR testing should always be performed within
the clinical context, so as to mitigate unnecessary delays in pa-
tient care or inadvertent risk exposure to staff and other pa-
tients. Future studies are needed to better define the implica-
tions of SARS-CoV-2 in the gastrointestinal tract and its trans-
missibility risk.
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