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Abstract

Purpose: To update the mechanisms of transmission of infection of severe acute respiratory
syndrome coronavirus (SARS-COV-2) during endoscopy, virus is transmitted via multiple
routes the spread of infections such as SARS-COV-2 in endoscopic procedures occurs in
asymptomatic patients or for emergency procedures. All endoscopies should be considered
aerosol-generating procedures in the outbreak. The virus is transmitted through direct
contact with multi-organ secretions days before and after respiratory distress syndrome by
people, droplets, acrosols, endoscopes shows potential risk to infection to staff and patients.
Knowledge of the mechanisms and diagnosis will allow reduce of transmission during
endoscopic procedures and implement strict follow-up of recommendations for SARS-
COV-2 prevention. The principal pathophysiologic mechanism to infect tissues is the
expression of angiotensin-converting enzyme II receptor (ACE-2) the characteristic of the
virus to enter the human cell is expressed in the lungs, gastrointestinal (ileum, colon, liver),
ocular, blood, stool, bone marrow (73.3% vs.14.3%, p.0.033) vs. patients with respiratory
symptoms so transmission can be done through a high or low endoscopic procedure.

Aim: To review an update on mechanisms of transmission another than respiratory.

Methods: Based on recent literature review we summarize from available published of
different mechanisms of transmission and pathogenicity of SARS-COV-2 that putting in
risk of transmission during endoscopy procedures. Criteria used were PubMed for articles
describing gastrointestinal endoscopy-associated infections by aerosols, fomites and
outbreaks published from 2019 to 2020.

Results: Acrosols and fomites are important for transmission; the viral tropism and life
cycle are their principal mechanism with the receptor ACE-2 in tissues.

Conclusions: Results of this review show that virus can be transmitted through direct
contact with secretions and fomites days before and after respiratory distress syndrome
with infection in multiple organs in patients with SARS-COV-2.
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Introduction

Coronavirus disease 2019 (COVID-19) has declared pandemic
by WHO. The virus has spread to over 100 countries, infecting more
than 700,000 people with 35,000 deaths globally. Non-respiratory
symptoms can also present and are route for transmission and spread
for SARS-COV-2.! The prevalence of extra-pulmonary symptoms at
risk of transmission has been found are: bone marrow, ileum, colon,
liver, kidney, skin, ocular, oropharyngeal secretions.? The virus highly
contagious, has quickly spread throughout the world with progression
to acute respiratory distress syndrome and death.> Is associated with
ACE-2 expressing cells in these tissues to infect cells.*

All endoscopies should be considered aerosol-generating
procedures,’ the transmission could be done by aerosols and fomites,
the virus is infectious for hours depending of the inoculum shed and
the virus receptors so knowing the mechanism associated with spread
helps to reduce infection.®

Risk for transmission to endoscopy personnel during
gastrointestinal endoscopy procedures. The virus and the endoscopy

unit are route for risk of infection by SARS-COV-2 from inhalation
of aerosols (airborne droplets), fomites, conjunctival contact, and
feces and touch contamination with high risk because close physical
distance and direct transmission.””

Virus

Coronaviruses are unsegmented viruses, with six species that
cause infection in humans, mostly with mild respiratory symptoms,
they belong to the family Corona-viridae, order of Nidovirals (Alpha,
Beta, Gamma and Delta-coronaviruses). Beta-coronavirus is similar
to a crown with spikes on the outer surface, small diameter (65-125
nm), the nucleic material contains a single chain, (length 26-32kbs).
Coronavirus exists among humans and animals closely related to
human beings, (bats, mice, cats, dogs, pigs, and cattle). The genomic
analysis of SARS-COV-2 is phylogenetically related to bat, civet and
camel viruses and possible primary reservoir with evidence of the
virus for more than 30 years, the spread through nosocomial infection
to health personnel and patients is highly transmittable with rapid
human to human transfer."®
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Mechanism of pathogenicity

Mechanisms are related with viral load and their capacity to
infect cells by viral replication through many routes. Virus needs a
co-receptor and auxiliary membrane proteins to infect a tissue, viral
particles recognize host receptors via spike glycoprotein, enter host
cells and replicate. !

I. Viral receptor: Angiotensin II converting receptor (ACE 2) for
entry to host cells.!?

II. Invasion: By binding the angiotensin II converting receptor
(ACE-2) to enter the human cell and modulate viral replication.
The envelope spike glycoprotein binds to its cellular receptor,
angiotensin-converting enzyme 2 (ACE2) for SARS-COV-2 and
dipeptidyl peptidase 4 (DPP4) for MERS-CoV23."

III. Fusion: Between the virus and the cell membrane in tissues
(gastric, duodenal, rectal epithelia. heart, kidney, ocular, blood,
stool and other organs (73.3% vs. 14.3%, p.0.033) vs. patients
with respiratory symptoms.'*

Symptoms

The meta-analysis by Fu et al. found prevalence of 16 clinical
symptoms among SARS-COV-2 patients, fever (83.3% [95% CI
78.4-87.7]), cough (60.3% [54.2— 66.3]), and fatigue (38.0% [29.8—
46.5]) with highest prevalence hypertension (1747, 95% CI 14-22%)),
diabetes (846, 95% CI 6-11%), cardiovascular (5+4, 95% CI 4 -7%),
respiratory (2+0.95% CI 1-3%). When compared to non-severe
patients, the OR for hypertension, cardiovascular, respiratory disease
in severe patients was (OR 2.36, 95% CI: 1.46-3.83), (OR 2.46, 95%
CI: 1.76-3.44) and (OR 3.42, 95% CI:1.88-6.22) respectively. The
origin and transmission to humans is not known'® observations indicate
that many patients present initially with diarrhea, conjunctivitis,
anorexia, vomiting, abnormal hepatic function tests not necessarily
with respiratory symptoms at first.'o18

Diagnoses

Real time- PCR is sensitive and reliable, viral loads, measure by
quantitative real-time analysis with RT-PCR in smears and culture!
found a sensitivity 66.7% specificity 95%, rate of 2.9 copies per
reaction (seven days since onset).?**! Real-time PCR and smear
diagnostics yielded an odds ratio OR=1.91, 95% confidence interval
(CD)=1.51-2.41, Z=5.43, P<0.5, while the combination of real-time
PCR and culture yielded OR=2.44, 95%CI =1.77-3.37, Z=5.41,
P<0.05.2

Viral load of different tissue samples were positive according
specimen types tested: n=27 (14 positive nasopharyngeal swabs),
9 throat swabs, 3 positive sputum, two positive nasal swab, one
nasopharyngeal aspirate and one a positive endotracheal aspirate,**
Yu et al, found in nasal swabs 16.4% (9/55), throat swabs 37.3%
(50/134), and sputum 66.4% (77/116). The positive rate of sputum
samples was significantly higher than throat and nasal swabs. The
average viral load in sputum (17429+6920 copies) was significantly
higher than in throat swabs (2552+1965 copies, p<0.001) and nasal
swabs (6514501 copies, p<0.001).” Incubation: 5.5days average
(x=0-14).

The results showed that the viral load in the early and progressive
stages were significantly higher than that in the recovery stage
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(46800+17272 vs 1252 £ 1027, p<0.001). Antibody: The dynamics of
total antibody IgM and IgG against SARS-COV-2 in blood samples
(173) cases were first detected, followed by IgM and IgG (increased
during the first two weeks), seropositive 50% on the 11™*-day and 100%
on the 39%-day. The seroconversion of Antibody was significantly
quicker than IgM (p=0.012) and IgG (p<0.001). At seven days since
onset, the antibody had a positive rate (38.3%), the antibody of RT-
PCR since day 8 after onset, reached 90% across day 12 after onset.*

Evidence in experimental conditions

Transmission by aerosols. Acrosols, superfice stability and half
live of SARSCOV-2 were studied and applied to copper, cardboard,
stainless steel, and plastic (at 21 to 23 °C,40% humidity 7days).’

a. Stability: 1.1-1.2 hours (95% CI of 0.64 to 2.64).

b. The half-lives are similar in aerosols and copper. When
comparing SARS-COV-2 and SARS.CoV-1 the half-life on
cardboard was longer than that of SARS-CoV-1.

c. The longest viability: stainless steel and plastic.

d. The median half-life of SARS-COV-2: 5.6 hours on stainless
steel and 6.8 hours on plastic, more stable on plastic and
stainless steel than on copper and cardboard, and viable virus
detected up to 72 hr.

e. Aerosols in air depends on the air quality that is supplied,
number of people present, and types of procedures performed
in the area that can spread endoscopy-related infections.?®

Asymptomatic vs. symptomatic patients

Asymptomatic disease, or mild disease occurs in 80% of patients,
the viral load detected in asymptomatic and symptomatic patients is
similar according the findings of Zhu et al.?* with presence of live viral
loads in the blood, mouth and nose, being higher in the nostrils of
patients with severe disease compared to patients with mild/moderate
symptoms so the potentially infected biological samples during
endoscopy is through the face. The asymptomatic SARS-CoV-2 can be
positive in the stool samples but negative in nasopharyngeal swabs for
a long time and the viral load in nasopharyngeal secretions is present
before the onset and serum antibody with easy transmission.?

Nasal and throat

Values of viral load in nasal and throat samples from severe
symptoms and asymptomatic patients show importance in the
first three days of the infection,” the cycle threshold (Ct) values
corresponded to the viral load Table 1 & Figure 1.

Table | Viral load in nose and throat in 17 symptomatic patients in relation
to the day of appearance of symptoms

Cycle threshold (Ct) value Viral load
First day 30.76 1.5x10*
Second day 27.67 1.5x10°
Third day 24.56 1.5x10¢
Forth day 21.48 1.5x107
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Figure 1 Viral load in nose and throat in |7 symptomatic patients in relation
to the day of appearance of symptoms.

Saliva

Transmission mechanism: Live viruses infect epithelial cells in
salivary glands (91.7%), saliva contaminates by coughing and drops
from the respiratory tract and during normal breathing, To KK et
al.,’* analized real-time-PCR. The mean of sample was 2 days (range,
0-7days). The average viral load in the first specimen was 3.3x10°
copies/mL (range, 9.9 x10?-1.2x108 copies/mL), the highest viral load
(83.3%) (Figure 2). Patient H had a higher viral load on the first day
of hospitalization (6.8x107copies/mL) than on the day of admission
(5.7x107 copies/mL) patient B, the virus in saliva was still detected on
day 11 after hospitalization.
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Figure 2 Detection of viral load of COVID-19 in saliva.
Sputum

Transmission mechanism: By direct contact, acrosolized liquids of
the patient or infected healthcare workers with greatest risk related
with distance, a range of one meter may protect.*® Yu et al.® found
an average viral load in sputum (17429+6920 copies) higher than in
throat swabs (2552+1965 copies, p<0.001) and nasal swabs (651501
copies, p<0.001).3¢

Eyes

Transmission mechanism: By contact with the face and eyes during
the procedures and reusable eye protection equipment the ocular
surface and nasal cavity is in close continuity for the mucous membrane
from puncta into the nasolacrimal duct and nasopharyngeal space.
The virus is delivered into the lungs and the gastrointestinal tract. The
ACE-2 is present in aqueous humor, conjunctiva and cornea.’’
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Blood

Transmission mechanism: Low respiratory concentrations of RNA
in acute phase have been found with a high viral load of 190copies/
mL in plasma, RNA was detectable (45.5%) of samples at day 15-
39, the viral load of RNA in plasma/serum in patients with SARS-
COV-2, (first 2-3days of onset), were detected with sensitivities of
antibodies, IgM and IgG (100.0%, 94.3% and 79.8%, respectively).
SARS-COV-2 infect lymphocytes (target for virus), replicate in them
with high concentrations of donor lymphocytes (peripheral blood
stem cells, bone marrow, granulocyte concentrates)3* with possible
risk of transmission by transfusion.

Gastrointestinal

Patients with digestive symptoms and fever (62%) presented later
than those with respiratory symptoms (16.0+7.7 vs.11.64+5.1 days,
p<0.001).* The diarrhea lasted from 1 to 14days, (average 5.4+3.1
days, frequency of 4.3+2.2 bowel movements/day), (16.0+£7.7 vs.
11.6+5.1 days, p<0.001). The virus uses the angiotensin II converting
enzyme receptor (ACE-2) to enter the human cell and modulate viral
replication, by fusion between the virus and the cell membrane and
express itself at the viral receptor, could be found viral nucleic acid
in stool (53.4%). Patients with digestive symptoms had a longer
duration between symptom onset and viral clearance (p<0.001) (fecal
virus positive 73.3% vs. 14.3%, p=0.033) vs. those with respiratory
symptoms.*

The virus changes the intestinal flora (28%) through immune
regulation (inflammatory response and viremia) with abnormal
mucosal immune system*' the disorders of the intestinal flora (gut-
lung-axis) and digestive symptoms (nausea, vomiting and diarrhea
affect the respiratory tract.*> Patients without respiratory symptoms,
diarrhea lasted from 1-14 days, (average 5.443.1 days, frequency
of 4.3+2.2 bowel movements/day), (16.0+£7.7 vs. 11.6£5.1 days,
p<0.001).* Patients with diarrhea/nausea/vomiting, were significantly
more likely to test positive for SARS-COV-2, than to test negative
(61% vs. 39%, p=0.04).* SARS-COV-2, lead to direct damage to
the intrahepatic bile ducts, with ACE2 expression in cholangiocytes
(59.7%) and 2.6% in hepatocytes.*

Ocular

Acute conjunctivitis, retinal vasculitis and degeneration with
blood-retinal barrier breakdown had positive results for SARS-
COV-2, 13 days after onset infection tested positive, (5.2%) (91.7%;
95% CI, 61.5-99.8), virus is detected in conjunctival swabs (RT-PCR).
The 31.6%; (95% CI, 17.5-48.7) of patients had RT-PCR positive
from conjunctival and nasopharyngeal swabs Figure 3.4
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Figure 3 Ocular abnormalities occurring |13 days after onset of SARS-CoV-2
infection tested positive.
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Conclusion

This literature review analizes the presence of the virus in
asymptomatic and symptomatic patients. The mechanisms of
transmission of SARS-CoV-2, the viral kinetics and antibody response
could predict outcomes; determine guidelines to reduce spread of
infection and to adopt strategies for early detection in endoscopy.
Guidelines of ASGE and ESGE for infection control during
endoscopy alongside precautions for safety of personnel and patients
state measures should be taken to avoid transmission of SARS-
CoV-2, knowing the mechanisms could help to reduce the contact of
instruments, environment and personnel in endoscopy room.*

Acknowledgments

None.

Conflicts of interest

Author declares that there are no conflicts of interest

Funding

None.

References

1. FuL, WangB, Yuan T, et al. Clinical characteristics of coronavirus disease
2019 (COVID-19) in China: a systematic review and meta—analysis. J
Infect. 2020; pii: S0163-4453(20)30170-5.

2. PanL,MuM, Yang P, et al. Clinical characteristics of COVID—-19 patients
with digestive symptoms in Hubei, China: a descriptive, cross—sectional,
multicenter study. Am J Gastroenterol. 2020;115(5):766-773.

3. Wang C, Horby PW, Hayden FG, et al. A novel coronavirus outbreak of
global health concern. Lancet. 2020 ;395(10223):470-473.

4. Khailany RA, Safdar M, Ozaslan M. Genomic characterization of a novel
SARS-CoV-2. Gene Rep. 2020;16:100682.

5. Johnston ER, Habib—Bein N, Dueker JM, et al. Risk of bacterial exposure
to the endoscopist&#x2019;s face during endoscopy. Gastrointest
Endosc. 2019 89(4):818-824.

6. LiaoJ,YuZ, ChenY, et al. Single—cell RNA sequencing of human kidney.
Sci Data. 2020;7(1):4.

7. McCafferty CE, Aghajani MJ, Abi-Hanna D, et al. An update on
gastrointestinal endoscopy—associated infections and their contributing
factors. Ann Clin Microbiol Antimicrob. 2018;17(1):36.

8. Kovaleva J. Infectious complications in gastrointestinal endoscopy and
their prevention. Best Practice and Research: Clinical Gastroenterology.
2016;30(5):689-704.

9. ChiuPWY,NgSC,Inoue H, etal. Practice of endoscopy during COVID-19
pandemic: position statements of the Asian Pacific Society for Digestive
Endoscopy (APSDE-COVID statements). Gut. 2020;69(6):991-996.

10. Park M, Cook AR, Lim JT, et al. A Systematic Review of COVID-19
Epidemiology Based on Current Evidence. J Clin Med. 2020;9(4). pii:
E967.

11. Letko M, Marzi A, Munster V. Functional assessment of cell entry and
receptor usage for SARS—CoV-2 and other lineage B betacoronaviruses.
Nat Microbiol. 2020;5(4):562—569.

12. Li W, Moore MJ, Vasilieva N, et al. Angiotensin—
converting enzyme 2 is a functional receptor for the SARS
coronavirus. Nature. 2003;426(6965):450-454.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Copyright:

©2020 Cortés etal. 15

Wu C, Chen X, Cai Y, et al. Risk Factors Associated With Acute
Respiratory Distress Syndrome and Death in Patients With Coronavirus
Disease 2019 Pneumonia in Wuhan, China. JAMA Intern Med.
2020;10.1001/jamainternmed.2020.0994.

De Wit E, van Doremalen N, Falzarano D, et al. SARS and MERS:
recent insights into emerging coronaviruses. Nat Rev Microbiol.
2016;14(8):523-534.

Shereen MA, Khan S, Kazmi A, et al. COVID-19 infection: origin,
transmission, and characteristics of human coronaviruses. J Adv Res.
2020;24:91-98.

Lupia T, Scabini S, Pinna SM, et al. 2019-novel coronavirus outbreak: A
new challenge. J Glob Antimicrob Resist. 2020;21:22-27.

Coronavirus disease 2019 (COVID-19) pandemic: increased transmission
in the EU/EEA and the UK — seventh update. Stockholm: ECDC; 2020.

Wang D, Hu B, Hu C, et al. Clinical Characteristics of 138 Hospitalized
Patients With 2019 Novel Coronavirus—Infected Pneumonia in Wuhan,
China. JAMA. 323(11):1061-1069.

Spiteri G, Fielding J, Diercke M, et al. First cases of coronavirus disease
2019 (COVID-19) in the WHO European Region, 24 January to 21
February 2020. Euro Surveill. 2020;25(9).

Lin C, Ye R, Xia YL. A meta—analysis to evaluate the effectiveness of
real-time PCR for diagnosing novel coronavirus infections. Genetics and
Molecular Research, 2015;14(4):15634-15641.

Corman VM, Landt O, Kaiser M, et al. Detection of 2019 novel coronavirus
(2019-nCoV) by real-time RT-PCR. Euro Surveill. 2020;25(3).

Tang A, Tong Z, Wang H, et al. Detection of Novel Coronavirus by RT—
PCR in Stool Specimen from Asymptomatic Child, China. Emerg Infect
Dis. 2020;26(6).

Ian G, Cesare H, Beilenhoff U. Ulrike. ESGE and ESGENA Position
Statement on gastrointestinal endoscopy and the COVID-19 pandemic.
Endoscopy. 2020;52.

Hong KH, Lee SW, Kim TS, et al. Guidelines for Laboratory Diagnosis
of Coronavirus Disease 2019 (COVID-19) in Korea. Ann Lab Med.
2020;40(5):351-360.

Yu F, Yan L, Wang N, et al. Quantitative Detection and Viral Load
Analysis of SARS—CoV=-2 in Infected Patients. Clin Infect Dis. 2020. pii:
ciaa345.

Zhao J, Yuan Q, Wang H, et al. Antibody responses to SARS-CoV-2 in
patients of novel coronavirus disease 2019. Clin Infect Dis. 2020; pii:
ciaa344.

Van Doremalen N, Bushmaker T, Morris DH, et al. Aerosol and Surface
Stability of SARS—-CoV-2 as Compared with SARS—-CoV-1. N Engl J
Med. 2020;382(16):1564—1567.

Guan W, Ni Z, Hu Y, et al. Clinical Characteristics of Coronavirus Disease
2019 in China. N Engl J Med. 2020;382(18):1708—1720.

Zou L, Ruan F, Huang M, et al. SARS-CoV-2 Viral Load in
Upper Respiratory Specimens of Infected Patients. N Engl J Med.
2020;382(12):1177-1179.

To KK, Tsang OT Leung WS2, et al. Temporal profiles of viral load in
posterior oropharyngeal saliva samples and serum antibody responses
during infection by SARS—-CoV-2: an observational cohort study. Lancet
Infect Dis. 2020;20(5):565-574.

Jiang X, Luo M, Zou Z, et al. Asymptomatic SARS-CoV-2 infected case
with viral detection positive in stool but negative in nasopharyngeal
samples lasts for 42 days. J Med Virol. 2020;10.1002/jmv.25941.

Citation: Cortés AY, Jiménez LMA,Valenzuela J, et al. Update on mechanisms of transmission of severe acute respiratory syndrome Coronavirus (SARS-
COV-2) in endoscopy. Gastroenterol Hepatol Open Access. 2020;11(3):112—116. DOI: 10.15406/ghoa.2020. 1 1.00424


https://doi.org/10.15406/ghoa.2020.11.00424
https://www.ncbi.nlm.nih.gov/pubmed/32283155
https://www.ncbi.nlm.nih.gov/pubmed/32283155
https://www.ncbi.nlm.nih.gov/pubmed/32283155
https://www.ncbi.nlm.nih.gov/pubmed/32287140
https://www.ncbi.nlm.nih.gov/pubmed/32287140
https://www.ncbi.nlm.nih.gov/pubmed/32287140
https://www.ncbi.nlm.nih.gov/pubmed/31986257
https://www.ncbi.nlm.nih.gov/pubmed/31986257
https://www.ncbi.nlm.nih.gov/pubmed/32300673
https://www.ncbi.nlm.nih.gov/pubmed/32300673
https://www.ncbi.nlm.nih.gov/pubmed/30391253
https://www.ncbi.nlm.nih.gov/pubmed/30391253
https://www.ncbi.nlm.nih.gov/pubmed/30391253
https://www.ncbi.nlm.nih.gov/pubmed/31896769
https://www.ncbi.nlm.nih.gov/pubmed/31896769
https://www.ncbi.nlm.nih.gov/pubmed/30314500/
https://www.ncbi.nlm.nih.gov/pubmed/30314500/
https://www.ncbi.nlm.nih.gov/pubmed/30314500/
https://www.sciencedirect.com/science/article/abs/pii/S1521691816300725
https://www.sciencedirect.com/science/article/abs/pii/S1521691816300725
https://www.sciencedirect.com/science/article/abs/pii/S1521691816300725
https://www.ncbi.nlm.nih.gov/pubmed/32241897
https://www.ncbi.nlm.nih.gov/pubmed/32241897
https://www.ncbi.nlm.nih.gov/pubmed/32241897
https://www.ncbi.nlm.nih.gov/pubmed/32244365
https://www.ncbi.nlm.nih.gov/pubmed/32244365
https://www.ncbi.nlm.nih.gov/pubmed/32244365
https://www.ncbi.nlm.nih.gov/pubmed/32094589
https://www.ncbi.nlm.nih.gov/pubmed/32094589
https://www.ncbi.nlm.nih.gov/pubmed/32094589
https://www.ncbi.nlm.nih.gov/pubmed/14647384
https://www.ncbi.nlm.nih.gov/pubmed/14647384
https://www.ncbi.nlm.nih.gov/pubmed/14647384
https://www.ncbi.nlm.nih.gov/pubmed/32167524
https://www.ncbi.nlm.nih.gov/pubmed/32167524
https://www.ncbi.nlm.nih.gov/pubmed/32167524
https://www.ncbi.nlm.nih.gov/pubmed/32167524
https://www.ncbi.nlm.nih.gov/pubmed/27344959
https://www.ncbi.nlm.nih.gov/pubmed/27344959
https://www.ncbi.nlm.nih.gov/pubmed/27344959
https://www.ncbi.nlm.nih.gov/pubmed/32257431
https://www.ncbi.nlm.nih.gov/pubmed/32257431
https://www.ncbi.nlm.nih.gov/pubmed/32257431
https://www.ncbi.nlm.nih.gov/pubmed/32156648
https://www.ncbi.nlm.nih.gov/pubmed/32156648
https://www.ecdc.europa.eu/sites/default/files/documents/RRA-seventh-update-Outbreak-of-coronavirus-disease-COVID-19.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/RRA-seventh-update-Outbreak-of-coronavirus-disease-COVID-19.pdf
https://www.ncbi.nlm.nih.gov/pubmed/32031570
https://www.ncbi.nlm.nih.gov/pubmed/32031570
https://www.ncbi.nlm.nih.gov/pubmed/32031570
https://www.ncbi.nlm.nih.gov/pubmed/32156327
https://www.ncbi.nlm.nih.gov/pubmed/32156327
https://www.ncbi.nlm.nih.gov/pubmed/32156327
https://www.geneticsmr.com/articles/5552
https://www.geneticsmr.com/articles/5552
https://www.geneticsmr.com/articles/5552
https://www.ncbi.nlm.nih.gov/pubmed/31992387
https://www.ncbi.nlm.nih.gov/pubmed/31992387
https://www.ncbi.nlm.nih.gov/pubmed/32150527
https://www.ncbi.nlm.nih.gov/pubmed/32150527
https://www.ncbi.nlm.nih.gov/pubmed/32150527
https://www.thieme-connect.de/products/ejournals/pdf/10.1055/a-1155-6229.pdf
https://www.thieme-connect.de/products/ejournals/pdf/10.1055/a-1155-6229.pdf
https://www.thieme-connect.de/products/ejournals/pdf/10.1055/a-1155-6229.pdf
https://www.ncbi.nlm.nih.gov/pubmed/32237288
https://www.ncbi.nlm.nih.gov/pubmed/32237288
https://www.ncbi.nlm.nih.gov/pubmed/32237288
https://www.ncbi.nlm.nih.gov/pubmed/32221523
https://www.ncbi.nlm.nih.gov/pubmed/32221523
https://www.ncbi.nlm.nih.gov/pubmed/32221523
https://www.ncbi.nlm.nih.gov/pubmed/32221519
https://www.ncbi.nlm.nih.gov/pubmed/32221519
https://www.ncbi.nlm.nih.gov/pubmed/32221519
https://www.ncbi.nlm.nih.gov/pubmed/32182409
https://www.ncbi.nlm.nih.gov/pubmed/32182409
https://www.ncbi.nlm.nih.gov/pubmed/32182409
https://www.ncbi.nlm.nih.gov/pubmed/32109013/
https://www.ncbi.nlm.nih.gov/pubmed/32109013/
https://www.ncbi.nlm.nih.gov/pubmed/32074444
https://www.ncbi.nlm.nih.gov/pubmed/32074444
https://www.ncbi.nlm.nih.gov/pubmed/32074444
https://www.ncbi.nlm.nih.gov/pubmed/32213337
https://www.ncbi.nlm.nih.gov/pubmed/32213337
https://www.ncbi.nlm.nih.gov/pubmed/32213337
https://www.ncbi.nlm.nih.gov/pubmed/32213337
https://www.ncbi.nlm.nih.gov/pubmed/32330309
https://www.ncbi.nlm.nih.gov/pubmed/32330309
https://www.ncbi.nlm.nih.gov/pubmed/32330309

Update on mechanisms of transmission of severe acute respiratory syndrome Coronavirus (SARS-COV-2)

in endoscopy

32.

33.

34.

35.

36.

37.

38.

39.

40.

Zhang J, Wu S, Xu L. Asymptomatic carriers of COVID-19 as a concern
for disease prevention and control: more testing , more follow—up. 3-5.
BioScience Trends. 2020;doi.org/10.5582/bst.2020.03069.

Lai CC, Liu YH, Wang CY, et al. Asymptomatic carrier state, acute
respiratory disease, and pneumonia due to severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2): Facts and myths. J Microbiol
Immunol Infect. 2020;pii: S1684—1182(20)30040-2.

To KK, Tsang OT, Chik—Yan Yip C, et al. Consistent detection of 2019
novel coronavirus in saliva. Clin Infect Dis. 2020;pii: ciaal49.

Zhu N, Zhang D, Wang W, et al. A novel coronavirus from patients with
pneumonia in China, 2019. N Engl J Med. 2020;382(8):727-733.

Sadhu S, Agrawal R, Pyare R, et al. COVID-19: Limiting the Risks for
Eye Care Professionals. Ocular Immunology and Inflammation. 2020;1—
7.

Chang L, Yan Y, Wang L. Coronavirus Disease 2019: Coronaviruses
and Blood Safety. Transfus Med Rev. 2020;pii: S0887-7963(20):30014—
30016.

Ng SC, Tilg 2. COVID-19 and the gastrointestinal tract: more than meets
the eye. Gut. 2020;69(6):973-974.

Han C, Duan C, Zhang S, et al. Digestive Symptoms in COVID-19
Patients With Mild Disease Severity: Clinical Presentation, Stool Viral
RNA Testing, and Outcomes. Am J Gastroenterol. 2020;10.14309/
ajg.0000000000000664.

Tang A, Tong Z, Wang H, et al. Detection of Novel Coronavirus by RT—
PCR in Stool Specimen from Asymptomatic Child, China. Emerg Infect
Dis. 2020;26(6).

41.

42.

43.

44,

45.

46.

47.

48.

49.

Copyright:

©2020 Cortés etal. 116

Ng SC, Tilg 2. COVID-19 and the gastrointestinal tract: more than meets
the eye. Gut. 2020;69(6):973-974.

Nobel YR, Phipps M, Zucker J, et al. Gastrointestinal Symptoms
and COVID-19: Case—Control Study from the United States.
Gastroenterology. 2020;10.1053/j.gastro.2020.04.017.

Gu J, Han B, Wang J. COVID-19: Gastrointestinal manifestations and
potential fecal-oral transmission. Gastroenterology. 2020;158(6):1518—
1519.

Loon SC, Teoh SC, Oon LL, et al. The severe acute respiratory syndrome
coronavirus in tears. Br J Ophthalmol. 2004 Jul;88(7):861-863.

Chen L, Liu M, Zhang Z, et al. Ocular manifestations of a hospitalised
patient with confirmed 2019 novel coronavirus disease. Br J Ophthalmol.
2020; pii: bjophthalmol-2020-316304.

Wu P, Duan F, Luo C, et al. Characteristics of Ocular Findings of Patients
With Coronavirus Disease 2019 (COVID-19) in Hubei Province, China.
JAMA Ophthalmol. 2020;10.1001.

Sultan S, Lim JK, Altayar O, et al. AGA Institute Rapid Recommendations
for Gastrointestinal Procedures During the COVID-19 Pandemic.
Gastroenterology. 2020.

Corman VM, Landt O, Kaiser M, et al. Detection of 2019 novel
coronavirus (2019-nCoV) by real-time RT-PCR. Euro Surveillance.
2020;25(3):1-8.

Wang W, Xu Y, Gao R, et al. Detection of SARS-CoV-2 in Different
Types of Clinical Specimens. JAMA. 2020;10.1001/jama.2020.3786.

Citation: Cortés AY, Jiménez LMA,Valenzuela J, et al. Update on mechanisms of transmission of severe acute respiratory syndrome Coronavirus (SARS-
COV-2) in endoscopy. Gastroenterol Hepatol Open Access. 2020;11(3):112—116. DOI: 10.15406/ghoa.2020. 1 1.00424


https://doi.org/10.15406/ghoa.2020.11.00424
https://www.jstage.jst.go.jp/article/bst/advpub/0/advpub_2020.03069/_article/-char/ja/
https://www.jstage.jst.go.jp/article/bst/advpub/0/advpub_2020.03069/_article/-char/ja/
https://www.jstage.jst.go.jp/article/bst/advpub/0/advpub_2020.03069/_article/-char/ja/
https://www.ncbi.nlm.nih.gov/pubmed/32173241
https://www.ncbi.nlm.nih.gov/pubmed/32173241
https://www.ncbi.nlm.nih.gov/pubmed/32173241
https://www.ncbi.nlm.nih.gov/pubmed/32173241
https://www.ncbi.nlm.nih.gov/pubmed/32047895
https://www.ncbi.nlm.nih.gov/pubmed/32047895
https://www.ncbi.nlm.nih.gov/pubmed/31978945/
https://www.ncbi.nlm.nih.gov/pubmed/31978945/
https://www.scilit.net/article/48865b9de1bc2e96aa8ec1f5c2792012
https://www.scilit.net/article/48865b9de1bc2e96aa8ec1f5c2792012
https://www.scilit.net/article/48865b9de1bc2e96aa8ec1f5c2792012
https://www.ncbi.nlm.nih.gov/pubmed/32107119
https://www.ncbi.nlm.nih.gov/pubmed/32107119
https://www.ncbi.nlm.nih.gov/pubmed/32107119
https://www.ncbi.nlm.nih.gov/pubmed/32273292
https://www.ncbi.nlm.nih.gov/pubmed/32273292
https://www.ncbi.nlm.nih.gov/pubmed/32301761
https://www.ncbi.nlm.nih.gov/pubmed/32301761
https://www.ncbi.nlm.nih.gov/pubmed/32301761
https://www.ncbi.nlm.nih.gov/pubmed/32301761
https://www.ncbi.nlm.nih.gov/pubmed/32150527
https://www.ncbi.nlm.nih.gov/pubmed/32150527
https://www.ncbi.nlm.nih.gov/pubmed/32150527
https://www.ncbi.nlm.nih.gov/pubmed/32273292
https://www.ncbi.nlm.nih.gov/pubmed/32273292
https://www.sciencedirect.com/science/article/pii/S001650852030490X
https://www.sciencedirect.com/science/article/pii/S001650852030490X
https://www.sciencedirect.com/science/article/pii/S001650852030490X
https://www.ncbi.nlm.nih.gov/pubmed/32142785
https://www.ncbi.nlm.nih.gov/pubmed/32142785
https://www.ncbi.nlm.nih.gov/pubmed/32142785
https://www.ncbi.nlm.nih.gov/pubmed/15205225/
https://www.ncbi.nlm.nih.gov/pubmed/15205225/
https://www.ncbi.nlm.nih.gov/pubmed/32265202
https://www.ncbi.nlm.nih.gov/pubmed/32265202
https://www.ncbi.nlm.nih.gov/pubmed/32265202
https://www.ncbi.nlm.nih.gov/pubmed/32232433
https://www.ncbi.nlm.nih.gov/pubmed/32232433
https://www.ncbi.nlm.nih.gov/pubmed/32232433
https://www.gastrojournal.org/article/S0016-5085(20)30458-3/pdf
https://www.gastrojournal.org/article/S0016-5085(20)30458-3/pdf
https://www.gastrojournal.org/article/S0016-5085(20)30458-3/pdf
https://www.ncbi.nlm.nih.gov/pubmed/31992387
https://www.ncbi.nlm.nih.gov/pubmed/31992387
https://www.ncbi.nlm.nih.gov/pubmed/31992387
https://www.ncbi.nlm.nih.gov/pubmed/32159775
https://www.ncbi.nlm.nih.gov/pubmed/32159775

	Title
	Abstract
	Keywords
	Introduction
	Virus
	Mechanism of pathogenicity 

	Symptoms
	Diagnoses
	Evidence in experimental conditions 
	Asymptomatic vs. symptomatic patients 
	Nasal and throat 
	Saliva
	Sputum
	Eyes
	Blood
	Gastrointestinal
	Ocular

	Conclusion
	Acknowledgments
	Conflicts of interest 
	Funding
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1

