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Abstract: Severe cases infected with the coronavirus disease 2019 (COVID-19), named by the World Health Or-
ganization (WHO) on Feb. 11, 2020, tend to present a hypercatabolic state because of severe systemic consumption,
and are susceptible to stress ulcers and even life-threatening gastrointestinal bleeding. Endoscopic diagnosis and
treatment constitute an irreplaceable part in the handling of severe COVID-19 cases. Endoscopes, as reusable pre-
cision instruments with complicated structures, require more techniques than other medical devices in cleaning, dis-
infection, sterilization, and other reprocessing procedures. From 2016 to 2019, health care-acquired infection caused
by improper endoscope reprocessing has always been among the top 5 on the list of top 10 health technology hazards
issued by the Emergency Care Research Institute. Considering the highly infective nature of COVID-19 and the po-
tential aerosol contamination therefrom, it is of pivotal significance to ensure that endoscopes are strictly reprocessed
between uses. In accordance with the national standard “Regulation for Cleaning and Disinfection Technique of
Flexible Endoscope (WS507-2016),” we improved the workflow of endoscope reprocessing including the selection of
chemicals in an effort to ensure quality control throughout the clinical management towards COVID-19 patients. Based
on the experience we attained from the 12 severe COVID-19 cases in our hospital who underwent endoscopy 23 times
in total, the article provides an improved version of endoscopic reprocessing guidelines for bedside endoscopic di-
agnosis and treatment on COVID-19 patients for reference.
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1 Introduction outbreak evolved, the number of infected cases

surged ahead nationwide and overseas (Wu et al.,

In Dec. 2019, a new type of pneumonia, named
coronavirus disease 2019 (COVID-19) later, was first
reported in Wuhan, Hubei Province, China. As the
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2020). As of Apr. 3, 2020, a total of 82802 patients
have been diagnosed in China, with 3331 deaths and a
fatality rate of 4.0%. Real-time data indicate that
26.8% of the currently existing confirmed cases are in
severe condition, usually with dyspnea and/or hy-
poxemia one or two weeks after onset (Huang et al.,
2020). Severe COVID-19 cases, mostly elderly people
with underlying diseases, suffered from difficulty in
eating with a high risk of regurgitation and aspiration.
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The hypercatabolic state caused by the disease could
lead to declined physical functioning and weakened
immunity. The stress condition as well as drug-derived
factors could induce stress ulcers and even life-
threatening gastrointestinal bleeding, which should be
highlighted in the diagnosis and treatment of severe
cases. Therefore, in addition to symptomatic treat-
ment, it is essential to strengthen nutritional support
and prevent such complications. Endoscopic diagnosis
and treatment (including placement of jejunal nutri-
tion tubes and emergency endoscopic treatment of
gastrointestinal bleeding) serve as an indispensable
part in the management of severe COVID-19 cases.
This contributes to a better prognosis and treatment
(Gu et al., 2019; Lou et al., 2019). Endoscopes, as re-
usable precision instruments with complicated struc-
tures, require more techniques than other medical de-
vices in cleaning, disinfection, sterilization, and other
reprocessing procedures. From 2016 to 2019 inclusive,
health care-acquired infection caused by improper
endoscope reprocessing was among the top 5 on the
list of 2019 top 10 health technology hazards issued
by the Emergency Care Research Institute (2018).

Our hospital, the First Affiliated Hospital, School
of Medicine, Zhejiang University (Hangzhou, China),
designated as one of the health care providers for
COVID-19, is responsible for most of the severe
cases in Zhejiang Province. By Mar. 9, 2020, we have
kept the record of zero deaths and zero infection cases.
The gastrointestinal endoscopy center, where health
care-acquired infection control is strictly enforced,
has paid much attention to infection control and
occupational protection in the battle against COVID-19.
Based on the endoscope reprocessing guideline pro-
posed by the Chinese Society of Digestive Endosco-
pology (CSDE, 2020b), we comprehensively summa-
rized the experience we obtained from the 12 COVID-
19 severe cases who underwent bedside endoscopy
23 times in total (including placement of jejunal
nutrition tubes and gastrointestinal bleeding treatment)
and provided a report as follows.

2 Clinical data
A total of 12 COVID-19 patients rated as severe

cases were treated in the intensive care unit (ICU) of our
hospital with tracheal intubation and ventilator-assisted

ventilation. There were eight males and four females,
aged 36-90 years with an average age of 72.8 years.
To address such problems as nutrition tube clogging,
tube dislocation, and gastrointestinal bleeding, we per-
formed endoscopy on these cases 23 times in total.

3 Introduction of the Improved workflow for
endoscope reprocessing

3.1 Specialized training for health workers

An expert panel was organized by the gastroin-
testinal endoscopy center to conduct an education and
training program for health workers including doctors,
nurses, and other endoscope processing personnel.
The program was organized in conformity with the
guidelines proposed by CSDE (2020a) and the Na-
tional Health Commission of the People’s Republic of
China (NHC, 2020a).

3.2 Special channel for endoscope transport and
personal protection for endoscope reprocessing
personnel

Taking account of the layout of the hospital, we
set up a transport route specially for endoscopes to
ensure infection control. According to the three-level
protection requirements (NHFPC, 2017b), technical
personnel should get dressed in specialized personal
protection equipment (PPE) in the buffer area before
entering the endoscope reprocessing area. After the
reprocessing work, the personnel should take off their
PPE in the buffer area before going back to clean
working areas.

3.3 Preparation for endoscope reprocessing

1. Bedside pre-processing items: Weak alkaline
peroxyacetic acid-sterilizing powder diluent (0.23%;
concentration monitoring required), disposable plas-
tic bags with movable seals filled with 0.23% per-
oxyacetic acid, special transport bags for endoscopes,
2500 mg/L available chlorine disinfectant, yellow
plastic bags for medical waste, leakproof transport
containers for endoscopes, chlorine-containing disin-
fection towels, sterile gauze, waterproof markers, etc.
(Fig. 1).

2. Endoscope reprocessing items: Weak alkaline
peroxyacetic acid-sterilizing powder diluent (0.23%),
disinfectant concentration test strips, cleaning sink,
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perfusion channels, 50-mL syringes, disposable en-
doscope cleaning brushes (one for each length), en-
doscope maintenance device (MU-1, Olympus Inc.,
Tokyo, Japan), leak testing device (MB-155; Olympus
Inc., Tokyo, Japan), automated endoscope reproces-
sor (AER; Medivators Inc., Minneapolis, USA), yel-
low plastic bags for medical waste, special transport
bags for endoscopes, etc. (Fig. 1).

Endoscopy finished (withdraw the
endoscope from the patient’s mouth)

v

Scrub the outer surface of the endoscope with
gauze containing 0.23% weak alkaline peroxyacetic
acid solution immediately

v

Put the lens end into a disposable plastic bag filled with 0.23%
peroxyacetic acid solution. Seal the two sides of the sealing line
from two ends to the center opening (to prevent aerosolization)

v

Flush the air/water channels and suction. Shut down the host
computer and other equipment in an infection-free order. Separate
the endoscope (for detailed procedures, see WS-507-2016)

v

Place the endoscope horizontally in a waterproof endoscope
transport bag and tie it up with no gaps

v

Put the endoscope transport bag into a double-layer yellow plastic
bag and tightly tie it up

v

Put the yellow bag into a leakproof transport container. Before
leaving the ICU, carefully scrub the outer surface of the transport
container with chlorine-containing disinfection towels under the
guidance of the manufacture’s written instructions for use. The
container should be marked with “2019-nCoV infection”

v

The container should be transported through the pre-designated
special route to the endoscope reprocessing area

Fig. 1 Workflow of bedside pre-processing of endoscopes
contaminated by patients infected with COVID-19

3.4 Preparation of personal protective equipment

1. Protective equipment for bedside pre-processing
operators: Goggles or protective face-shields, N95
medical protective masks, surgical masks, medical
protective caps (or positive-pressure respiratory pro-
tective equipment if available), scrubs, impermeable
isolation gowns, disposable medical protective cloth-
ing, waterproof boot covers, medical shoe covers,

double-layer gloves (disposable sterilized surgical
gloves on the outer layer), etc.

2. Protective equipment for reprocessing opera-
tors: Goggles or protective face-shields, medical
protective masks (N95 at least), medical protective
caps, scrubs, impermeable waterproof isolation gowns,
waterproof aprons, disposable medical protective
clothing, waterproof boot covers, medical shoe covers,
gloves (long-sleeved thickened rubber gloves), etc.

3.5 Improved strategies for bedside pre-processing
of contaminated endoscopes

As has been previously reported, the qualified
rate of reprocessed endoscopes could be reduced from
99.21% to 90.75% if the contaminated instruments
are cleaned as late as one hour after surgery compared
with immediate cleaning after surgery (Xia et al.,
2019). Dryness of instrument lumens caused by de-
layed cleaning could strongly reduce the effectiveness
of reprocessing. This could be avoided by bedside
pre-processing so as to maintain moisture in lumens
during transport. The sooner the pre-processing is
done and the shorter the transport period is, the more
effective the reprocessing will be. As the COVID-19
is highly infectious, it has been classified by the state
as a Class B infectious disease, which should be man-
aged as a Class A one (NHC, 2020a). As the endo-
scopes could be tainted by viruses and multi-drug
resistant bacteria from the saliva of the COVID-19
cases, immediate bedside pre-processing after use
should be highlighted in order to prevent cross infec-
tion. For bedside pre-processing of such contami-
nated endoscopes, it is advisable to upgrade the
cleaning agents from conventional enzyme agents,
which have no disinfecting or sterilizing effects,
to peroxyacetic acid. The pre-disinfecting effect of
peroxyacetic acid could reduce the risk of infection in
subsequent operations.

We have improved the bedside pre-processing
workflow as follows: (1) For bedside endoscopic
diagnosis and treatment, ward beds should be placed
in an operation-friendly manner. The needs of the
facility should determine the size of the operation
areas. It is recommended that the ward should provide
an operation area with a radius of over 80 cm for each
bed to avoid physical contact with surrounding objects.
(2) As soon as the endoscopy is finished by the doctor,
the pre-processing operator should immediately scrub
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the outer surface of the endoscope with gauze con-
taining 0.23% weak alkaline peroxyacetic acid solu-
tion to avoid possible hazards of the saliva adherent to
the endoscope surface. (3) After scrubbing, put the
lens end into a disposable sterilized plastic bag filled
with 0.23% weak alkaline peroxyacetic acid solution
(Fig. S1). Then seal the two sides of the sealing line
from two ends to the center opening. Flush the air and
water channels for 10 s each, and suction until the
tube is free from dirt under visual inspection. These
procedures could effectively prevent aerosol contam-
ination during flushing and suctioning, and greatly
reduce the risk of occupational exposure. The suc-
tioning liquid should be upgraded to 0.23% weak
alkaline peroxyacetic acid sterilizing powder diluent
instead of the conventional enzyme cleaning agents
since previous studies have proved that weak alkaline
peroxyacetic acid sterilizing powder could not only
remove and decompose adherent organics, but also

disinfect and sterilize the endoscopes (Gu et al., 2018).

(4) Use a disposable or new endoscope knob. If the
knob valve is damaged, the risk of air leakage and
aerosolization during the flushing and suctioning
processes will be substantially elevated. (5) As the
qualified rate is closely associated with the transport
period, the endoscopes after use should be transported
to the reprocessing area as soon as possible. We
recommend loading the pre-processed endoscope into
a transport bag in an oval shape to avoid contamina-
tion or unexpected injuries when operators reopen it
in the reprocessing area. Put the endoscope transport
bag into a double-layer yellow garbage bag and
tightly fasten it. Apply 2500 mg/L available chlorine
disinfectant to the opening and then place it in a
leakproof transport container. Before leaving the ICU
room, carefully scrub again the outer surface of the
transport container with chlorine-containing disinfec-
tion towels under the guidance of the manufacturer’s
written instructions for use. The container should be
marked with “COVID-19” and be transported through
the special channel to the reprocessing area.

3.6 Improved strategies for endoscopic cleaning,
disinfection, and sterilization

On the basis of the recommendations by Fang
(2011) and CSDE (2020b), our department drew ex-
perience from actual clinical practice and provided an
improved workflow for reference. The reprocessing

procedures follow the order as disinfection first,
cleaning next, and then sterilization. Chemicals such
as disinfectant and cleaning agent, disposable items
such as scrubbing cottons and cleaning brushes, and
facilities such as cleaning and rising sinks should all
follow the principle of single use. Reprocessing op-
erators dressed in PPE should strictly observe the
rules of hand hygiene.

We have improved the reprocessing workflow
as follows (Fig. 2): (1) Take out the endoscope from
the transport container. All the packaging material
should be collected in tightly tied double-layer yellow
plastic bags and disposed of as hazardous infectious
waste according to relevant standards. (2) Place all
components of the endoscope in the sink filled with
0.23% weak alkaline peroxyacetic acid solution (con-
centration monitoring required). Make sure that at
least the small knob lock of the endoscope operation
portion is immersed in the solution. Connect all per-
fusion channels and inject 0.23% peroxyacetic acid
solution into the channels with a 50-mL syringe until
the channels are fully filled (Fig. S2). Let it stand for
5 min. This serves as a pre-high-level disinfecting
process. The pre-disinfection prior to routine cleaning
process could help reduce the risk of contact and
aerosol contamination during the following proce-
dures such as air and water flushing, air gun drying,
and channel brushing. Previous studies have proved
that aerosols are solid particles or liquid droplets that
can be suspended in the air for a long time, and by
which many types of pathogens can be transmitted
(Bakanidze et al., 2010). Aerosols that carry patho-
gens may freely float in the air, adhere to equipment
surfaces, or be inhaled by health workers, resulting in
a higher risk of cross infection. (3) As has been rec-
ommended by NHFPC (2017a), after brushing the
channels and buttons, inject 0.23% peroxyacetic acid
solution into each channel of the endoscope and keep
continuous, dynamic flushing for 5 min to ensure that
the dirt and debris that have been brushed off can be
fully washed away. (4) Place the endoscope into an
AER for high-level disinfection and then send it to the
supply center for ethylene oxide sterilization. (5) Ac-
cording to the opinions from the experts on infection
control and endoscopic reprocessing, we recommend
that leak testing should be conducted after high-level
disinfection to avoid contamination in this special
period.
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Open the seals and take out the endoscope. All the packaging
material should be collected in tightly-tied double-layer yellow
garbage bags and disposed of as hazardous infectious waste

v

Circle the endoscope, and completely immerse the endoscope in
the sink filled with 0.23% weak alkaline peroxyacetic acid solution

v

Connect all perfusion channels and inject 0.23% peroxyacetic acid
solution into the channels with a 50-mL syringe till the channels
are fully filled. Let it stand for 5 min

v

Disassemble the perfusion channels and brush the lumens and buttons
of each component (for detailed procedures, see WS-507-2016)

v

Connect all perfusion channels again and inject 0.23%
peroxyacetic acid solution into the channels with a 50-mL syringe.
Keep continous, dynamic flushing for 5 min. Air-drying for 1 min

v

Inject clear water into the channels with a 50-mL syringe. Keep
continuous, dynamic flushing for 3 min. Air-drying for 1 min

v

Leak testing (for detailed procedures, see WS-507-2016)

v

Place the endoscope in an automated endoscope reprocessor for
high-level disinfection

v

Send it to the supply center for ethylene
oxide sterilization

Fig. 2 Workflow of cleaning, disinfection, and steriliza-
tion of endoscopes contaminated by patients infected
with COVID-19

3.7 Improved strategies for medical waste disposal

We have improved medical waste disposal work-
flow as follows: all the packaging materials and all the
medical wastes generated in treatment or reprocessing
should be placed in double-layer yellow plastic bags
tied in a gooseneck shape with white sealing bands.
Repeat the packaging procedures till the waste is well-
wrapped in four layers of yellow plastic bags without
puncture or damage. Apply 2500 mg/L available
chlorine disinfectant to the opening and then place it
into a leakproof transport container with clear, special
infectious markers (white bands affixed, information
required such as facility name, date, type of waste,
ward location, etc.) (Fig. S3).

4 Evaluation

No occupational infection was reported in our
hospital following the workflow stated above. Mul-
tiple samples collected from the surfaces or lumens of
the endoscopes showed negative results in 2019 novel
coronavirus (2019-nCoV) nucleic acid tests and no
bacterial colonies.

5 Discussion

5.1 Endoscopy is indispensable in the treatment of
severe COVID-19 cases

Severe COVID-19 cases have a higher risk of
regurgitation and aspiration, and are susceptible to
various complications such as ventilator-associated
pneumonia, catheter-related blood infections, stress
ulcers, and other common adverse events in the ICU.
According to the interim guidance for clinical man-
agement of severe acute respiratory infection sus-
pected with COVID-19 issued by WHO (2020), it is
advisable to provide enteral nutrition as early as pos-
sible within 24 to 48 h after admission to reduce the
incidence of stress ulcers and gastrointestinal bleed-
ing. Therefore, it is of great clinical significance to
place jejunal nutrition tubes in these patients to im-
prove their overall nutritional status, and to perform
emergency bedside endoscopic hemostasis when nec-
essary to improve prognosis and reduce mortality. In
our hospital, we placed jejunal nutrition tubes in the
12 severe COVID-19 cases and performed endo-
scopic hemostasis for them. As one of the cases was
complicated by lower gastrointestinal bleeding, we
relieved the intestinal obstruction and did hemostasis
with titanium clips by bedside colonoscopy, which
rendered the patient in a relatively stable condition for
subsequent treatment. A preliminary assessment of
these patients with nutrition tubes showed an improved
nutritional status, which requires future follow-up
assessment as the disease progresses.

5.2 Importance of bedside pre-processing and
special transport workflow in actual clinical work

Despite the term “not recommending bedside pre-
processing” included in the recommendations by
CSDE (2020b), we found in actual clinical practice that
there could be some problems without pre-processing.
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For instance, there could be a higher risk of envi-
ronment contamination through unexpected physical
contact, and organics, blood, and other contaminants
could easily dry up in the endoscope lumens, leading
to greater difficulty in cleaning and disinfection.
Therefore, we have made some improvements, in-
cluding the procedures of endoscope reprocessing and
the selection of chemicals, to the workflow proposed
by NHFPC (2017a) to better meet the needs in our
actual clinical practice. In order to reduce the risk of
cross-contamination during transport, taking into ac-
count multiple factors including the potential con-
tamination of the endoscope-related equipment, we
set up a special route to transfer the equipment from
bedside to the endoscope reprocessing center.

5.3 Peroxyacetic acid (0.23%) can serve as high-
level disinfectant for COVID-19

The 0.23% peroxyacetic acid solution adopted
by our hospital is weak alkaline activator solution
diluted from sterilizing powder, instead of conventional
peroxyacetic acid. It has been proved by multi-center
clinical studies and by the national and provincial
Centers for Disease Control and Prevention (CDCs)
that it performs well in disinfecting pathogenic mi-
croorganisms, decomposing organics, and removing
biomembrane without damage to the endoscopes.
When the sterilizing powder dissolves in water, per-
oxyacetic acid is generated. This exerts a strong oxi-
dizing and decomposing effect on organics and pro-
teins. Meanwhile, alkaline sodium is produced, which
acts as an alkaline cleaning agent (Gu et al., 2018).
Lipid solvents such as chlorine-containing disinfect-
ant and peracetic acid have been reported to effec-
tively inactivate the 2019-nCoV (NHC, 2020a). The
0.23% peroxyacetic acid solution we utilized in clin-
ical practice could meet the requirements of high-
level disinfection for the virus.

5.4 Tmproved workflow worthy to be recommended

The workflow we provide here, from personnel
training, item preparation, endoscopic operations,
bedside endoscope pre-processing, leakproof transport
of contaminated endoscopes, to endoscope cleaning,
disinfection, and sterilization in the reprocessing
center, strictly abides by the rules of infection control
in health care facilities. In accordance with the hy-

gienic standard for disinfection in hospitals (AQSIQ,
2012), qualification assessments on the reprocessed
endoscope in our center showed negative results in
2019-nCoV nucleic acid tests and no bacterial colo-
nies. Hereby, we provide an effective, safe, operation-
friendly, and adaptive working system for endoscopic
reprocessing after bedside endoscopic operations in
the context of the COVID-19 pandemic for reference.

6 Conclusions

Endoscopic diagnosis and treatment play an
important role in improving the prognosis and re-
ducing the mortality of severe COVID-19 cases.
Amidst the COVID-19 pandemic, it is of utmost
importance for health care facilities to ensure per-
sonnel protection and prevent cross-infection during
bedside endoscopic operations. We summarized our
nursing experience on endoscope reprocessing after
bedside endoscopic diagnosis and treatment on severe
COVID-19 patients. However, the additional disin-
fection steps might add to the deterioration of the
endoscopes during reprocessing. Further evidence-
based studies are anticipated to consummate the work-
flow in the future.
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