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Abstract

AIM: To compare the influence and clearance effect
of enzymatic and non-enzymatic detergents against
Escherichia coli (E. coli) biofilm on the inner surface of
gastroscopes.

METHODS: Teflon tubes were incubated in a mixture
of different detergents and £, coli culture (10° CFU/mL)
for 72 h at 15°C, and biofilms on the inner surface of
the teflon tubes were analyzed by bacterial count and
scanning electron microscopy. To evaluate the clear-
ance effect of detergents, after biofilms were formed on
the inner surface of Teflon tubes by 72 h lavage with
E. coli culture, tubes were lavaged by enzymatic and
non-enzymatic detergents at a speed of 250 mL/min,
then biofilms on the inner surface were analyzed by
bacterial count and scanning electron microscopy.

RESULTS: Non-enzymatic detergent had a better inhi-
bition function on biofilm formation than enzymatic de-
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tergent as it reduced bacterial burden by 2.4 log com-
pared with the control samples (P = 0.00). Inhibition
function of enzymatic detergent was not significantly
different to that of control samples and reduced bac-
terial burden by 0.2 log on average (P > 0.05). After
lavaging at 250 mL/min for 3 min, no living bacteria
were left in the tubes. Scanning electron microscopy
observation showed biofilms became very loose by the
high shear force effect.

CONCLUSION: Non-enzymatic detergent has a better
inhibition effect on biofilm formation at room tempera-
ture. High speed pre-lavage and detergents are very
important in temporal formed biofilm elimination.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

The concept of bacterial biofilm was proposed in 1936,
Bacteria adhere to wet surfaces easily, then form organized
colonies of cells embedded in a self-excreted matrix,
which is composed principally of polysaccharide, and the
polysaccharide facilitates adhesion to the surface and to
each other™”. In clinical medicine, many environments
provide optimal conditions for the formation of bacterial
biofilm, such as contact lenses, central venous catheters,
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urinary catheters and so on". Similarly, the presence of

biofilm on the surface of gastrointestinal endoscope
channels has also been confirmed in recent studies.
Bacteria residing within biofilms are up to 1000 times
more resistant to chemical inactivation than bacteria
in suspension”. Biofilms are not only a reservoir
of pathogenic bacteria that can detach, resume their
planktonic state, and contaminate the patient, but also a
source of endotoxins that may enter the circulation of
the patient through ruptured mucosae and cause systemic
disorders™. It was reported that if the endoscope channels
were not cleaned prior to disinfection, the decontamination
of endoscopes could become a failure!""'?. Therefore,
it is important to explore a reasonable cleaning agent of
gastrointestinal endoscopes to achieve a satisfactory result
of anti-biofilm under the present conditions.

In this controlled study, we compared the clearout
effect of enzymatic and non-enzymatic detergents against
Escherichia coli (E. coli) biofilm on the inner surface of
gastroscopes.

MATERIALS AND METHODS

Preparation of bacterial suspension

A small amount of E. co/i ATCC 25922 (Hangzhou
Tianhe Biologics Corporation, Zhejiang, China) was
taken from slant medium and inoculated into sterile
Muller-Hinton (M-H) broth (pH 7.4) to obtain pure
bacilli. The poured plate method was used to adjust the
concentration of bacteria to 10° CFU/mL.

Bacterial biofilm formation

A high temperature sterilized Teflon tube (digestive
endoscope lumen material) was cut into 15 pieces with
0.5 cm X 0.5 ecm per piece, which were randomly divided
into 3 groups: Group 1: enzymatic detergent group;
Group 2: non-enzymatic detergent group; Group 3:
blank control group. To prepare a sterile biopsy bottle
for each group, 5 mL of M-H broth and 100 pL of
bacterial suspension with good preparation previously
were added into each group. 13 mL of rapid multi-
enzyme cleaner (3M Company, Sao Paulo, Minnesota,
USA), 25 pL of a non-enzymatic detergent, intercept
(Minntech Corporation, Minneapolis, Minnesota, USA)
with a 1:200 dilution ratio (recommended maximum
dilution ratio of the products) and 20 pL sterile distilled
water were added into Group 1, Group 2 and Group
3, respectively, taking care not to overlap the various
pieces of material. Then each group was put into a 15°C
incubator to incubate. 5 mL bacilli fluid was aspirated
by sterile syringe every 24 h, adding 5 mL. M-H broth; it
was then soaked in 0.1 mol/L phosphate buffered saline
(PBS) for 15 min through two stages after 72 h. We
discarded the PBS in order to remove bacteria loosely
attached to the wall, then Teflon tubes were taken
from each bottle with sterile tweezers to prepare for
evaluation. One sample from each group was prepared
for electron microscopic evaluation, and the other 4
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Figure 1 Bacterial biofilm formation assay.

samples were used for the biofilm bacteria colony count

(Figure 1).

Electron microscope evaluation of wall biofilm and
bacterial colony counts

The teflon tubes material was transferred to a sterile
Eppendorf (EP) tube, fixed with 1% osmium tetroxide
for 1 h, then washed twice (each time for 15 min) in PBS
buffer solutions. After washing, they were dehydrated
for 15 min using alcohol and 100% acetone, replaced
by amyl acetate eater, dried to COz critical point, and
sprayed gold with an ion sputtering instrument. Then
they were scanned by electron microscope photographs
(Stereoscan 260, Cambridge, UK). At the same time,
another 12 Teflon tubes material in sterile EP tubes
containing 1 mL of 0.1 mol/L PBS buffer solution were
oscillated ultrasonically (38-47 kHz, 10 min) (Olympus
Corporation, Tokyo, Japan), so that biofilm was stripped
from the wall. We drew 100 pl. PBS buffer solution
from the above EP tube, then diluted the sample to
10000 times with 10 times serial dilution. 0.1 mL diluent
was added into a sterile petri dish. M-H agar 20 mL
cooled to 50°C was poured into the sterile petri dish, and
the samples were mixed and cooled to 37°C. The petri
dish was incubated for 24 h, and the growth of colonies
and colony counts were examined.

Production of biofilm-coated sample tubes

A high-temperature sterilized teflon tube with a length
of 120 cm was placed in a sterilized beaker. Media
contaminated with E. ¢o/i was run through the tube at
a flow rate of 250 ml./min to mimic flow conditions
(Minntech Co., Minneapolis, Minnesota, USA) during
clinical endoscope procedures. The lavage lasted 4.5 h
daily for 3 d, then 1/2 bacilli fluid was extracted and
poured into the same amount M-H broth every 24 h.
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Figure 2 Cleaning steps of biofilm-coated sample tubes.

Figure 3 Mixture of detergent and bacteria cultured for 72 h. Left: The
enzyme-containing washing, showing a homogeneous transparent liquid; Middle:
A non-enzyme-containing detergent, showing in addition to a large amount of
sediment at the bottom, the upper part was clean liquid; Right: The control group,
showing bacteria bacilli and a small amount of sediment at the bottom.

Cleaning of biofilm-coated sample tubes and biofilm
evaluation

After lavage, the contaminated teflon tube was cut into
3 pieces. Next, the disconnected tubes were randomly
divided into an enzyme wash group, a non-enzyme wash
group, and a blank control group. According to Endoscope
Disinfection Technical Operation Standards of China,
after perfusion 3 sections of teflon tube were subjected to
water wash (1 min), enzyme wash (3 min), and water wash
again (1 min). In Group 1 enzyme wash was with multi-
enzyme cleaner, in Group 2 non-enzymatic detergent
was used instead of enzyme-containing detergent, and
in Group 3 the enzyme wash step was replaced by sterile
distilled water. After completing the above steps, tubing
was cut with 5 cm spacing interception to produce 5
tubal walls of 0.5 cm X 0.5 cm, including 4 for the biofilm
colony count, and 1 for scanning electron microscope
observation of the concave wall biofilm (Figure 2).

Statistical analysis

Statistical analysis was performed with SPSS 13.0 statistical
package (SPSS Inc., Chicago, Illinois, USA). The mean
value for different groups was compared using Student
t+test. P < 0.05 was considered statistically significant.

RESULTS

Effects of detergent against bacterial biofilm formation
on the wall
As shown in Figure 3, the bacterial suspension in the
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Table 1 Wall residue biofilm colony count after bacterium

and detergent suspension soaked

Detergents Average actual Average standard
colony count (CFU/ colony count (IgCFU/
piece, + SD) piece, + SD)
Enzymatic detergent (1.15 + 0.86) x 10* 3.96 +0.35"
Non-enzymatic detergent  (6.85 £2.90) x 10 1.80 £0.21°
Control (1.69 £ 0.65) x 10* 419+0.22

*P = 0.00 vs the control group, "P = 0.25 vs the control group.

Figure 4 The concave wall structure after mixture of detergent and
Escherichia coli cultured; surfaces are part of the biofilm formation.

enzymatic detergent group was limpid after culturing for
72 h, related primarily to the multi-enzyme ingredients to
digest the organic components in detergent. The bacterial
suspension in the non-enzymatic detergent group showed
matrix components at the bottom, and the quantity was
greater than the control group, which was associated
with decomposed bacterial cell components and the
organic components of the broth. After counting the
number of bacteria in the biofilm, the non-enzymatic
detergent had a better inhibition function on biofilm
formation and reduced bacterial burden by 2.39 logs
compared with water without any detergent (P < 0.05).
Enzymatic detergent reduced bacterial burden by 0.23 log
compared with water without any detergent, and there
was no significant difference between the two groups
(P > 0.05) (Table 1). On the surface of teflon tubes
from any groups, the remaining biofilm was observed
by electron microscopy (Figure 4). It was easier to find
biofilm on a rough surface compated with a smooth non-
porous surface, which showed that the compatibility of
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Figure 5 The concave wall structure after non-enzyme detergent (A), enzyme-containing detergent (B), and sterile distilled water (C) washing. A: No
obvious biofilm residue; B: Massive biofilm structure residue; C: Relatively large biofilm attached to bacterial biomass, respectively.

detergent with the inner surface of endoscope channels
was important for preventing the build-up of biofilm and
removing a mature biofilm. It is generally accepted that
smooth non-porous surfaces are the easiest to disinfect.

Effects of detergent against bacterial biofilm removal on
the wall

After lavaging with bacterial suspension and reprocessing
with different detergents, no living bacterial matter
was left on the surface of teflon tubes. However, at
higher magnification, scanning electron microscopy
examination showed a few bacterial cells covering the
internal surface of teflon tubes (Figure 5). The biofilm
cells appeared as small microcolonies in the non-enzyme
detergent group and blank group, but as a confluent
membrane in the enzyme detergent group. The number
of bacteria remaining was smaller in the non-enzyme
detergent group than in the blank group.

DISCUSSION

It has been reported that bacterial biofilm causes about
65% of bacterial infections in the clinic”. As research
continues, bacterial biofilm is recognized as an ecological
community composed of microbes and the irreversibly
combined extracellular matrix, not simply a mixture of
colonized bacteria and extracellular matrix. Biofilms
have different phenotypes according to the difference
in microbe growth and genetic transcription?. Biofilm
induced biological material-related infections occurs widely
in clinical departments, for instance, indwelling urinary
catheter related infection, indwelling venous catheter
related infection, artificial femoral head related infection.
Antibiotics do not have a satisfactory effect on the
infections due to the resistance of the biofilm"”. Bacteria
within biofilms are up to 1000 times more resistant to
antimicrobials than the same bacteria in suspension.
Endoscope related infection, as reported in articles™
also occurs in western countries with strict specifications
of endoscope reprocessing procedures. Although the
poor quality of disinfection of endoscopes is associated
with inadequate compliance with reprocessing protocols,
another explanation could be more related to the form-
ation of biofilm on endoscope channels. We found that
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an electron microscope scanning of an obsolete tube
confirmed the existance of biofilm on the inner wall in a
study.

In this experimental study, we adopted the endos-
cope lumen material (teflon) as the object of study.
In the study on detergent effects on bacterial biofilm
formation: biofilm colony count results showed that
there was a significant difference in biofilm viable counts
between non-enzyme detergent soaking teflon and the
blank group (P < 0.05), while there was no significant
difference in biofilm viable counts between enzymatic
detergent soaking teflon and the control group (P >
0.05). This showed that non-enzyme detergent for
biofilm formation had a better inhibitory effect than
enzymatic detergent. The electron microscopy results
showed that the biofilm was more easily deposited on
the surface of non-flat areas, indicating detergent needs
a better compatibility to the teflon tube in order to avoid
producing a good place to form a biofilm because of the
different affinity.

Endoscopes should be washed by water and enzy-
matic detergents before disinfection, otherwise the
disinfectants have an inadequate effect because of the
existance of blood, mucus and other organic materials" .
Some data have revealed that a proper cleaning step
could decrease the bacterial cells by 2-5 logs"™. Our
study confirmed the elimination of the number of
bacteria within a biofilm by the shearing effect of high
speed lavage. In the study for the effects of detergent
against bacterial biofilm removal on the tube wall, lavage
for 72 h to the teflon tube, then 1 min water wash, 3 min
enzyme wash, and 1 min water wash again, produced
a biofilm colony count of 0 in all samples of Teflon
tube, but there were still differences in scanning electron
microscopy; in the nearly 500-fold scan condition, a
small amount of E. ¢o/i were found, showing small
microcolonies for the non-enzyme detergent group and
control group, but the number of bacteria remaining was
fewer in the non-enzyme detergent group than in blank
group. However, there was a confluent membrane of
bacterial growth in the enzyme detergent group.

Many factors, as recognized and further researched,
affect the formation or elimination of biofilms, including
the characteristic of the fluid, the species of microbes,
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surface of the tubes, velocity of flow, temperature and pH
value!”. The conservation of the endoscope should focus
on avoiding minor injury to the inner wall of channels,
which eases the formation of biofilm. It’s also important
to choose a green detergent with more cleansing power,
but less corrosion to the tube, not only “with enzyme”
or “without enzyme”. According to the manual, the
enzymatic detergent has maximum cleansing power at
a temperature higher than room temperature. However,
we observed the efficiency of detergent at a tempera-
ture of 15°C, which is a realistic temperature for use. It
was reported that proteolytic enzymes in the detergent
increased the risk of occupational asthma, which cannot
be improved by avoidance of exposure with enzymes of
detergent origin™,

During our short-term study, the elimination of bac-
terial biofilm on the inner wall of teflon tubes was stud-
ied and residual biofilm was detected by electron micro-
scope scanning. Artificial contamination was performed
using the E. co/i bacteria only, wheteas the actual con-
tamination and the formation of biofilms is produced by
miscellaneous bacteria in the clinic. Food residue, mucus,
gastric acid and bile existing in the endoscope channels
can decrease the shearing of the liquid and, therefore,
should be completely removed to prevent the forma-
tion of biofilm. In this study, the current cleaning agents
could not completely eliminate endoscopic biofilm,
which should arouse our attention in the future. There-
fore, a thorough cleaning of the endoscope to remove
contaminants is one of many important and effective
measures to prevent the formation of endoscopic bio-
film. At the same time, how to effectively remove bio-
film formed on the lumen is a continuing research goal.
Further study on the formation and the removal of the
biofilm is required and more effective detergents should
be explored.

COMMENTS

Background

Many clinical environments provide optimal conditions for the formation of
bacterial biofilm, including gastrointestinal endoscope channels. Biofilms are
not only a reservoir of pathogenic bacteria, but also a source of endotoxins that
may enter the circulation of the patient through ruptured mucosae and cause
systemic disorders. However, if the endoscope channels are not cleaned prior
to disinfection, the decontamination of endoscopes could become a failure
because of biofilm formation. Therefore, it is important to explore a reasonable
cleaning agent of the gastrointestinal endoscope to achieve a satisfactory result
of anti-biofilm under the present conditions.

Research frontiers

Endoscope related biofilm infections also occur in western countries with strict
specifications of endoscope reprocessing procedures. Therefore, a thorough
cleaning of the endoscope to remove contaminants is one of many important
and effective measures to prevent the formation of endoscopic biofilm. To
understand the effect of current detergents on biofilm, the authors produced
a controlled study to compare the clearout effect of enzymatic and non-
enzymatic detergents against Escherichia coli biofilm on the inner surface of
gastroscopes.

Innovations and breakthroughs
If endoscope channels are not cleaned prior to disinfection, the decontamination
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of endoscopes could become a failure due to biofilms. Therefore, it is important
to explore a reasonable cleaning agent of gastrointestinal endoscopes to
achieve a satisfactory result of anti-biofilm under the present conditions. This
study aims to draw attention to endoscopic workers to biofilms through the
authors’ common efforts to ensure the safety of clinical endoscopic work in the
future.

Applications

The study results suggest that the current cleaning agents cannot completely
eliminate endoscopic biofilm, which should arouse our attention in the future.
A thorough cleaning of the endoscope to remove contaminants is one of many
important and effective measures to prevent the formation of endoscopic
biofilm. How to effectively remove a biofilm that has already formed on the
lumen is an ongoing research goal. Further study on the formation and
the removal of biofilm is required and more effective detergents should be
explored.

Terminology

Bacterial biofilm: Bacterial biofilm is recognized as an ecological community
composed of microbes irreversibly combined with the extracellular matrix, not
simply a mixture of colonized bacteria and extracellular matrix.

Peer review

The study is important as a means of exploring a reasonable cleaning agent
of the gastrointestinal endoscope to achieve a satisfactory result of anti-
biofilm under the present conditions. It deals with a very important topic on
gastrointestinal reprocessing and it can add new information to this topic. It is
also interesting and well designed.
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