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Does the Reprocessing of Endoscopes Have to Take Place Immediately
after Pre-Cleaning? A First Evaluation
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Background/Aims: The recommendations on the time interval between pre-cleaning and reprocessing of endoscopes differ
in international guidelines, with a low level of evidence. The aim of this study was to investigate the influence of postponing
reprocessing on the reprocessing quality after pre-cleaning the flexible endoscopes.

Methods: We reprocessed 124 standardized test tubes simulating endoscope channels after soiling and contamination and
determined the reprocessing performance. In addition, we examined contaminated gastroscopes, colonoscopes, and bronchoscopes.
The duration of interim storage after pre-cleaning was 16 h for 100 test tubes and up to 24 h for 18 endoscopes. We determined the
residual protein content and germ load as markers for cleaning and disinfection performance. In addition, we determined biofilm
formation by photometry of crystal violet staining.

Results: All test tubes and flexible endoscopes showed residual protein content and germ load significantly below legally prescribed
threshold values, independent of the interval between pre-cleaning and reprocessing.

Conclusions: Our findings indicate that flexible endoscopes could be stored overnight after pre-cleaning without any influence on
the quality of reprocessing. While ensuring patient safety, this could simplify logistical processes and enable cost savings. Clin Endosc
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INTRODUCTION

The professional reprocessing of flexible endoscopes is
essential to prevent infection and for patient safety purposes.
There have been multiple outbreaks of multidrug-resistant
organisms caused by inadequately reprocessed endoscopes.”
However, special technical knowledge and considerable per-
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sonnel resources through manual work steps are required to
ensure the continuous quality of endoscope reprocessing.*
In Germany, the joint recommendation of the Commission
for Hospital Hygiene and Infection Prevention (KRINKO)
and the Federal Institute for Drugs and Medical Devices
(BfArM) on the reprocessing criteria of flexible endoscopes
and other medical devices is decisive.’ It suggests the possibil-
ity of interim storage of medical devices during reprocessing.
In the case of flexible endoscopes, a pre-cleaning or bedside
cleaning process must be carried out immediately after use
to remove coarse contaminants such as blood and tissue. The
time interval of interim storage is not specified in the German
recommendation. Recommendations of other European and
Anglo-Saxon countries, including Korea, do not propose an
interim storage time after pre-cleaning,”"* or they propose
short periods between 30 minutes and 3 hours.””"* The max-
imum possible time interval may be based on purely theoret-
ical considerations."®*’ Empirical studies on the effects of a
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postponement on the reprocessing quality are not available.
Due to these vague time frames, practitioners sometimes use
single-use endoscopes during weekends or night shifts when
centralized reprocessing of regular endoscopes cannot be en-
sured within 3 h. These endoscopes, however, tend to be infe-
rior in diagnostic purposes than regular endoscopes. In order
to ensure consistent patient safety, this study examines the
influence of interim storage on the reprocessing quality and
evaluates whether time periods longer than 3 h would allow
high quality reprocessing.

MATERIALS AND METHODS

To examine the reprocessing performance, we used stan-
dardized test tubes and real endoscopes that had already been
applied to patients. We investigated the effects of the duration
of the time interval after pre-cleaning on the reprocessing per-
formance by determining the cleaning performance, disinfec-
tion performance, and biofilm content.

Test material

Based on a previous study, we used 124 test tubes that were
produced and validated as test materials.” > These were trans-
parent polytetrafluoroethylene tubes with a length of 200 cm,
an inner diameter of 2 mm, and a wall thickness of 0.5 mm
(HYBETA GmbH; Miinster, Germany). In addition, we ex-
amined 6 bronchoscopes, 6 gastroscopes, and 6 colonoscopes
used clinically for at least 2 years (Olympus Deutschland
GmbH; Hamburg, Germany).

Contamination

To investigate the cleaning performance, the test tubes
were contaminated with a soiling solution of heparinized
sheep blood and protamine in sodium dodecyl sulfate (SDS)
according to method A in accordance with the Guideline for
the Validation of Mechanical Cleaning and Disinfection Pro-
cesses for the reprocessing of thermolabile endoscopes (see
Supplementary Material 1 [S1]).** Based on a previous study,
we investigated the disinfection performance by introducing a
defined quantity of a test organism into the test tubes with the
contamination (E. faecium > 10’ Colony-forming unit (CFU)/
mL),” aligned with the usual contamination of endoscopes
after use, between > 10’ and 10'° CFU/mL (see S1).” The con-
taminated test tubes are shown in Fig. 1.

The bronchoscopes, gastroscopes, and colonoscopes were
not particularly contaminated since they were contaminated
through usage in patients.
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Fig. 1. Test tube after standardized contamination.

Pre-cleaning, storage and reprocessing

The tubes and endoscopes were prepared according to
above-mentioned KRINKO and BfArM recommendations
(Tables 1 and 2).° In order to check all reprocessing protocols
established in our hospital and to increase the external validity,
the tubes were reprocessed at least five times at four locations.

The time interval of storage between pre-cleaning and sub-
sequent reprocessing differed. In 100 cases, a duration of 16
hours was chosen, since it was the most clinically significant
time interval if reprocessing takes place daily during core
working hours, including weekends. In addition, storage times
from 0 to 48 h were assessed. In endoscopes, the time intervals
were 0, 6, and 24 h after pre-cleaning. The endoscopes were
stored at room temperature.

Assessment of cleaning and disinfection performance

The cleaning and disinfection performance was examined
according to the currently valid acceptance criteria in Germa-
ny, as they are used to evaluate reprocessing in the context of
validation of mechanical cleaning and disinfection processes
for reprocessing of thermolabile flexible endoscopes,”** and
according to the KRINKO/BfArM recommendation.’ These
differ from the International Organization for Standardization
(ISO)/Technical Specification (TS) 15883-5 by the reduced
bacterial count.” In brief, this entails an optical cleanliness, a
residual protein content <100 pg/test tube (cleaning perfor-
mance), and a reduction factor of >9 log,,/test tube (disinfec-
tion performance). For endoscopes, a residual protein content
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<100 pg (cleaning performance) and <10 CFU/10 mL, and
no growth of Escherichia coli, Enterobacteriaceae, Enterococci,
Pseudomonas aeruginosa, Pseudomonas spp., non-fermenters,
and greening streptococci (disinfection performance) were
used for acceptance.

Overall, 124 test tubes were reprocessed after the repro-
cessing protocols specified in Table 1. Subsequently, the test
tubes were sent to the laboratory of HYBETA GmbH without
further treatment, where the cleaning and disinfection perfor-
mance was assessed. HYBETA used a bicinchoninic acid assay
(BCA assay) to measure protein residues with a minimum
detection of 30 pg/test object and 5 pg/endoscope and a maxi-
mum validated linear detection ability of up to 250 pg protein,
according to German standards.”*** A 5-point calibration
curve from 0 to 200 pg/mL was added to each 96 well plate as
a positive control and to ensure precise linear detection. The
correlation coefficient of calibration was at least 0.98.

In total, 18 endoscopes, notably 6 gastroscopes, 6 colono-
scopes, and 6 bronchoscopes, were reprocessed after clinical
use according to the protocol specified in Table 2. The dura-
tion of the time interval between pre-cleaning and subsequent
reprocessing varied from 0 h to 24 h. After reprocessing, sam-
ples were taken from the instrument channel and additional
irrigation channel and gastroscopes and colonoscopes were
taken from the air/water channel, and from the suction chan-
nel (see Supplementary Material 2). To investigate the cleaning

Table 1. Protocol of Reprocessing of Test Tubes

performance, the respective channel was rinsed four times
with the same 10 mL of 1% SDS solution. To examine the
disinfection performance, the channels were rinsed once with
20 mL of sterile physiological sodium chloride solution. The
samples used to demonstrate the cleaning performance were
examined in the laboratory of HYBETA GmbH by BCA assay.
The samples assessed for the disinfection were examined in
the Laboratory for Technical Hygiene at the Section for Hospi-
tal Hygiene and Environmental Health, Center for Infectious
Diseases, Heidelberg University Hospital, as detailed in the
Supplementary Material 3.

The cleaning and disinfection performance examinations
were carried out separately for each endoscope to exclude any
influence of the examination on the result.

Investigation of biofilm formation

Biofilm formation was identified using a validated meth-
od proposed by Giinther et al.” Therefore, three test tubes
were soiled and contaminated as described above and repro-
cessed according to Table 1. The process was stopped (i) after
pre-cleaning and 24-h storage, which served as a positive con-
trol, (ii) after pre-cleaning, 24-h storage, and brush cleaning,
or (iii) after pre-cleaning, 24-h storage, and complete repro-
cessing. Subsequently, the biofilm was measured. An unsoiled
test tube was used as a negative control. To investigate biofilm
formation, the test tube was rinsed twice with 200 uL distilled

Immerse the distal end in cleaning solution”

Pre-
cleaning

Suck through until no more contamination is visible in the rinsing solution, but at least 30 seconds

Variable time interval of storage at room temperature

Place the test object in the basin with cleaning solution®

Rinse the test object with cleaning solution®

Remove of residual water with medical compressed air

Reprocessing

Connect the test object to the loading trolley of the EWD
Start the machine-based reprocessing process in the EWD"

Dry the test object with medical compressed air

Brush the inner lumen with a flexible disposable brush until the brush is free of impurities

Rinse the test object in a basin with demineralised water, rinse the inner lumen

EWD, endoscope washer disinfector.

“Protocol 1: Hartmann Bodedex forte 2%; Protocol 2: Hartmann Bodedex forte 1%; Protocols 3 and 4: Dr. Weigert Neodisher Endo DIS

active.

®Protocol 1: Olympus ETD4+GA, Program 2 Standard TR, Hartmann Korsolex Endo Cleaner + Hartmann Korsolex Endo Disinfectant;

>

Protocol 2: Olympus ETD4+GA (Program 1 Standard) + Hartmann Korsolex Endo Cleaner + Hartmann Korsolex Endo Disinfectan;
Protocol 3: EWD Wassenburg Adaptascope (normal program) + Dr. Weigert Endo Clean + Dr. Weigert Endo Sept GA; Protocol 4: Olym-
pus ETD3+PAA, Program 6 Standard, Olympus EndoDET + Olympus EndoDIS.
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Table 2. Protocol of Reprocessing of Broncho-, Gastro- and Colonoscopes

Wipe the distal end of the endoscope with a non-sterile compress

Immerse the distal end in cleaning solution”

Aspirate with at least 200 ml cleaning solution; Keep suction valve pressed until no more contamination is visible; but at least 30 sec

visible particles are flushed out

Pre-cleaning

Insert and actuate the cleaning valve several times”

Remove the distal end of the endoscope from cleaning solution

Multiple actuation and subsequent removal of the air/water valve”

Flush the biopsy channel and, if necessary, the additional flushing channel with cleaning solution using a 20 ml syringe until no more

Separate the endoscope from the light source, suction and optic rinsing bottle

Variable time interval of storage at room temperature

Connection to the leak tester and performance of the leak test

Immerse the endoscope in the cleaning solution”

Remove the valves; Disposal of the biopsy channel valve; Manual brushing of the aspiration and air/water valve; Brush and rinse the
valves in deionised water in the secondary basin; Remove water residues with medical compressed air

Flush all channels manually with cleaning solution”

Brush manually with a flexible disposable cleaning brush; Pull the brush several times completely through all accessible channels until

the brush emerges free of visible dirt

Wipe the entire endoscope; Pay attention to areas that are difficult to access (operating wheels, working channel entrance, distal end

with optical lens, connections)

Use the control wheels to detect micro lesions

Reprocessing

Remove the endoscope from the cleaning solution while leaving it connected to the leak tester; Immerse in the secondary tank with
demineralised water; Rinse all channels to avoid mixing of cleaning and disinfection agents

Blow through the channels with medical compressed air to remove any remaining deionized water

Release the pressure from the leak tester and disconnect the endoscope

Properly fit the rinsing basket and connect the channels and the leak test according to the manufacturer’s instructions”; Close the EWD

and start the program

Check the correct and complete procedure after the end of the reprocessing program

Perform a hygienic hand disinfection

Pull out the rinsing baskets from the EWD; Detach the rinsing adapter from the endoscope; Remove the endoscope from the rinsing

basket

Dry the endoscope with medical compressed air

EWD, endoscope washer disinfector.
“Hartmann Bodedex forte 2%.
")Gastroscopes and colonoscopes only.

9Adapter plate Olympus2 for gastroscopes and colonoscopes; adapter plate Olympus 1 (extension kit BF) for bronchoscopes.

water. The biofilm was stained by adding 150 pl of 0.1% crystal
violet solution and stored for 20 min at room temperature. Af-
terwards, the test tubes were rinsed twice with 200 pl distilled
water to remove excess crystal violet. Finally, the crystal violet
dye bound in the biofilm was washed out by adding 150 uL of
10% ethanol. We determined the quantity of bound crystal vi-
olet in each test tube as a surrogate marker for the still existing
biofilm mass six times by photometric absorption measure-
ment at a wavelength of 570 nm.

RESULTS

Test tubes
In total, 124 soiled and soiled/contaminated test tubes were

reprocessed after interim storage for 0-48 h after pre-cleaning
(Fig. 2). All test tubes were optically clean regardless of the
time interval and had a residual protein content of <30 ug/test
tube (detection minimum). A reduction factor 29 log,,/test
tube was determined for the number of CFUs of E. faecium
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Fig. 2. Disinfection performance of the test tubes as a function of storage
duration after pre-cleaning. Reduction factor of E. faecium CFU/ml after pro-
cessing. Bars indicate standard deviation. CFU, colony-forming unit.

(Fig. 2). Thus, the cleaning and disinfection performance at
extended storage intervals after pre-cleaning met the accep-
tance criteria.

Endoscopes

To increase the transferability to the clinical setting and ac-
count for differences in design and for the effects of material
wear such as roughening in the canal lumen, the cleaning and
disinfection performance was repeated on endoscopes used
for at least 2 years. After usage, the 6 bronchoscopes, 6 gastro-
scopes and 6 colonoscopes were reprocessed and stored for up
to 24 h after pre-cleaning. No endoscope was contaminated
with a protein residue above the detection limit of 5 pg/endo-
scope. Therefore, the acceptance criterion of a protein residue
of <100 pg was met in all the collected samples. Furthermore,
we noted a colony count <10 CFU/10 mL (Fig. 3) and no
growth of Escherichia coli, Enterobacteriaceae, Enterococci,
Pseudomonas aeruginosa, Pseudomonas spp., non-fermenters,
and greening streptococci. Thus, the acceptance criteria for
both cleaning performance and disinfection performance
were met.

Biofilm formation

We investigated biofilms formation at several points in the
reprocessing protocol (Fig. 4). While biofilm was detected after
pre-cleaning and 24-h storage, the optical density (OD) after
pre-cleaning, storage, and brush cleaning, and after complete
reprocessing with storage was similar to that of the uncontam-
inated control.
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Fig. 3. Disinfection performance of endoscopes as a function of storage du-
ration after pre-cleaning. CFU/10 ml after reprocessing. Bars indicate standard
deviation. CFU, colony-forming unit.
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Fig. 4. Photometric investigation of biofilm formation in the treatment process.
Three test tubes were soiled and contaminated with Enterococcus faecium.
During the preparation according to protocol 1, they were stored for 24 h after
pre-cleaning. One test tube that was not soiled served as negative control. As a
marker for biofilms, an optical density (OD) of 570 nm after staining with crystal
violet was determined 6 x per test tube. Bars indicate standard deviation.

DISCUSSION

To our knowledge, this is the first study to examine the
influence of prolonged storage time periods of flexible en-
doscopes after pre-cleaning on reprocessing quality. We
examined the storage durations for up to 48 h in 124 test
tubes and up to 24 h in 18 bronchoscopes, gastroscopes and
colonoscopes. The cleaning and disinfection performance was
orientated according to the German legislation and guide-
lines”* and ISO/TS 15883-5 from 2005.”" This differed from
the European norms by the more stringent acceptance criteria



(lower threshold values for non-acceptance) and an additional
patency test. All endoscopes and test tubes met the quality cri-
teria for reprocessing, even after longer storage time periods.

We also used validated single-use test tubes to increase
the size of the repetitions. The highest number of repetitions
(n=50) was chosen for the 16-h interval, as this is probably the
maximum storage period assuming reprocessing was carried
out only during core working hours, including weekends.

As described at the beginning, the relevant period was not
defined by official bodies in Germany.” The US-American
Multisociety Guideline recommends cleaning and drying
after pre-cleaning.® The Dutch Steering group for flexible en-
doscope cleaning and disinfection and the French Ministere
des Affaires Sociales et de la Santé state that manual cleaning

10,11

should take place immediately after pre-cleaning.™ Similarly,
the Swiss guidelines for reprocessing flexible endoscopes and
the Australian Infection Control Guidelines of the Gastroen-
terological Society of Australia and the Australian Gastrointes-
tinal Endoscopy Association require immediate pre-cleaning
and manual cleaning after use.”"” This is referred to in the
international paper of the European Society of Gastrointesti-
nal Endoscopy and the European Society of Gastroenterology
Nurses and Associates, which justifies the formulation of a
maximum time interval of one hour with theoretical consid-
erations on the population kinetics of microorganisms and
the fixation of proteins by drying."”* Specifically, it is assumed
that the shorter doubling time of gram-negative bacteria of
a minimum of 20-30 min allows the formation of biofilms
if the entire treatment process is not carried out in a timely
manner. This consideration does not consider the validity of
this information for optimal growth conditions in vitro, that
pre-cleaning directly after the patient examination can reduce
contamination, and that an emerging biofilm can possibly
be removed during reprocessing. Our experiment on biofilm
formation suggests that biofilm can be formed during storage
after pre-cleaning, but that it can be removed by brushing af-
terwards. This procedure of visualizing and quantifying cells
adhering to the tube wall by crystal violet solution has been
described by O'Toole and Kolter.”” Biofilm production can be
assumed if the OD is greater than the mean value of the nega-
tive control, added thrice to its standard deviation.” Although
Stepanovic et al.” tested the biofilm of Staphylococci on micro-
titer plates, the basic consideration that justifies the above for-
mula is justified and plausible; this is that biofilm production
is subject to a variety of methodological influences.

Our study has some limitations. The number of repetitions
is still too low to conclude sufficient preparation quality,
especially for storage times other than 16 h. Therefore, we
encourage researchers, especially those with different method-
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ologies, to repeat the assay. Other flexible endoscopes were not
assessed due to their critical reprocessing procedures (e.g. du-
odenoscopes) or because they are usually single-use products
(e.g. ureteroscopes).

The recommended methods used to validate reprocessing
for flexible endoscopes differ from country to country. For
example, in contrast to the German/European norms, the
US Food and Drug Administration (FDA) recommends the
thresholds for an acceptable level of contamination of <6.4
ug/cm’ protein, <2.2 pug/cm’ hemoglobin, and <1.8 pg/cm’
carbohydrate.””*’ Furthermore, the techniques of sampling
strategy differ (brushing or simple flushing), volume, and
used substances (saline, demineralized water, neutralizer).”"”
In addition, the contents of the test soil are discussed inter-
nationally. Some authors do not recommend heparin for the
validation of flexible endoscope reprocessing, as it may inhibit
some bacterial strains from adhering and from forming bio-
films. They recommend using coagulated blood as test soil or
preferably ATS2015 and Edinburgh-M soils.”* The European
Committee for Standardization informatively recently suggests
the contamination of flexible endoscopes with biofilm-pro-
ducing Pseudomonas aeruginosa for the examination of clean-
ing performance of washer disinfectors.” Therefore, it would
be interesting to reevaluate our results by employing the newly
suggested contamination method or international methods of
contamination, sampling, and evaluation.

In summary, our findings may indicate that flexible endo-
scopes can be stored after pre-cleaning for up to 16 h without
any influence on the reprocessing quality according to current
test standards. We propose to evaluate international proto-
cols and acceptance criteria for the reprocessing of flexible
endoscopes also for longer storage periods if pre-cleaning is
ensured. This would presumably reduce the use of single-use
endoscopes, which would increase diagnostic quality and en-
able cost-savings.
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