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APRESENTAGAO

A obra “Discursos, Saberes e Praticas da Enfermagem” aborda uma série de
estudos realizados na area da Enfermagem, sendo suas publicacdes realizadas
pela Atena Editora. Em sua totalidade estd composta por 6 volumes, sendo eles
classificados de acordo com a area de abrangéncia e tematicas de estudo. Em seus
27 capitulos, o volume VI aborda a publicacdes que envolvem aspectos relativos a
variadas questdes de Saude Publica no Brasil nos diferentes niveis de atencéo a
saude, desde a atencao basica até a assisténcia hospitalar.

Nesse contexto, aobratraz pesquisas sobre aassisténciaadiversas morbidades,
sendo elas relacionadas ao aparelho cardiovascular, doencas infectocontagiosas,
doencas crbnicas, oncologia, além de estudos sobre dependéncia quimica, suicidio,
acidentes de transito, dentre outros. Os estudos realizados contribuem para melhor
entendimento acerca dos maiores enfrentamentos no que diz respeito a alguns dos
principais problemas de Saude Publica existentes no Brasil. Dessa forma, fornecem
informacdes para elaboracao de estratégias com finalidade de prevencéo de doencas
e agravos bem como para a promog¢éo da saude.

Portanto, este volume € dedicado aos profissionais atuantes nos servigcos de
saude, com intuito de aprimorar seus conhecimentos e fornecer atualizacdo de
informagbes téo relevantes no cenario de Salde Publica brasileiro. E dedicado
também ao publico usuario dos servicos de saude, no tocante ao desenvolvimento
de praticas de autocuidado, promoc¢ao da saude e prevencéo de agravos.

Ademais, esperamos que este livro possa fornecer informacdes relevantes
para o fortalecimento e aprimoramento dos Programas de Saude Publica vigentes
no Brasil e, assim, melhorar cada vez mais os indicadores em saude do pais.

Isabelle C. de N. Sombra
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RESUMO: A
fundamental

limpeza consiste em etapa
para 0 reprocessamento de
endoscopios gastrointestinais e prevencao
de contaminagcédo de pacientes. Este estudo
teve como objetivo avaliar os niveis de
contaminagdo organica e microbioldgica de
endoscopios

gastrointestinais  clinicamente

utilizados. Utilizou-se testes de Adenosina
trifosfato, polimerase C reativa quantitativa

e cultura microbiana antes e ap6s a limpeza
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manual dos endoscoOpios gastrointestinais
utilizados em pacientes. A andlise da limpeza
manual demonstrou a eficacia na significativa
reducdo de matéria orgénica e contaminacao
microbiana, com baixo percentual de batérias
viaveis apds o procedimento de limpeza.

PALAVRAS-CHAVE:

gastrointestinais;

endoscopios

trifosfato de adenosina;

controle de qualidade.

MICROBIOLOGICAL AND
PHYSICOCHEMICAL INDICATORS OF
FLEXIBLE ENDOSCOPE REPROCESSING:
MANUAL CLEANING

ABSTRACT: Cleaning is a critial step on
gastrointestinal endoscope

and patient contamination prevention. This

reprocessing

study aimed to evaluate organic soil and

microbial contamination levels of clinically
used gastrointestinal endoscopes. For testing
manual cleaning, it was used adenosine
triphosphate assays, quantitative polymerase
chain reaction and microbial culture, both
before and after manual cleaning of clinically
used gastrointestinal endoscopes. Endoscope
manual cleaning analysis demonstrated
the efficiency in reducing biological soil and

microbial contamination, with a low percentage
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of the sample with viable microorganisms.
KEYWORDS: gastrointestinal endoscopes; adenosine triphosphate; quality control.

11 INTRODUCTION

Medical devices reprocessing consists of using a validated process to remove
patient, microbial and non-organic contamination (KOLA, et al. 2015). The complexity
of endoscopes makes their reprocessing challenging. As the reprocessing steps are
susceptible to human error and due to the large bioburden present on endoscopes,
the margin of safety in processing is small (HUMPHRIES; MCDONNELL, 2015), so
each reprocessing step needs to be performed in a peerless manner to guarantee
the validation of the process (AUMERAN, et al. 2010; RUTALA; WEBER, 2016).

Flexible endoscopes are reusable, semi-critical devices and as such are
required to be cleaned and then subjected to either high level disinfection or
sterilization to remove residual microbial contamination (CALDERWOOQOD, et al.
2018). Gastrointestinal endoscope contamination related to endoscopy procedures
has been frequently published (VOOR, et al. 2018; EPSTEIN, et al. 2014; OFSTEAD,
et al. 2015; GASTMEIER; VONBERG, 2014), including reports of transmission of
multidrug resistant microorganisms (KIM, et al. 2016; MARSH, et al. 2015).

Endoscope contamination and healthcare associated infection (HAI) outbreaks
associated with endoscopy have been due to a failure to adhere to reprocessing
recommendations and/or equipment damage (KOLA, et al. 2015; ROBERTSON, et
al. 2017; BAJOLET, et al. 2013; OFSTEAD, et al. 2010). However, infection related
to the use of contaminated endoscopes has been reported even when endoscopes
are reprocessed according to guidelines (OFSTEAD, et al. 2015; ENGLAND, et al.
2016).

Flexible endoscope reprocessing involves bedside cleaning, manual cleaning,
disinfection/sterilization, drying and storage in an approved manner (WGO, 2019;
CALDERWOOD, et al. 2018; SOBECC, 2017). It is well established that the cleaning
step is critical for endoscope reprocessing success, as residual organic and inorganic
matter within the internal channels of the endoscopes compromises biocide action
(AGRAWAL; MUSCARELLA, 2011; BEILENHOFF, et al. 2017). Additionally, the
presence of biofiims has already been proven to attach on endoscope internal
channels (PAJKOS; VICKERY; COSSART, 2004) and, once formed, can compromise
decontamination even if conducted rigorously under ideal conditions (REN-PEI, et
al. 2014).

Given the difficulties involved in achieving successful endoscope reprocessing
cited above, endoscope reprocessing evaluation can be helpful in detecting possible
failures of the process, and thus decrease the possibility that inadequately processed
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endoscopes are used for patient procedures. In this study, we aimed to evaluate
organic soil and microbial contamination levels of clinically used gastrointestinal
endoscopes before and after manual cleaning, utilizing adenosine triphosphate

(ATP) assays, quantitative polymerase chain reaction (QPCR) and microbial culture.

2| MATERIAL AND METHODS

Clinically used gastrointestinal flexible endoscopes (colonoscopes and
gastroscopes) were assessed for organic soil by ATP bioluminescence and for
microbial contamination by qPCR and microbial culture, before and after manual
cleaning. Data was collected by the researcher on a endoscopy unit of a Hospital in
Sydney, Australia. All endoscope reprocessing steps were performed by staff of the
endoscopy unit as following described:

1) immediately after clinical use, bedside cleaning was done by wiping the
external part of the endoscope with wipes soaked in enzymatic detergent and
suctioning internal channels also with enzymatic detergent whilst still in the procedure
room;

2) the endoscope was then transported to reprocessing dirty area for cleaning
procedures where leak testing and manual cleaning were performed;

3) finally the endoscope was transported for disinfection/sterilization to the
room housing the AER.

The external surface of the endoscope was sampled for ATP quantification by
swabbing its distal end and the internal surface was sampled by a combination of
brushing the biopsy channel and flushing each channel (air/water, suction and biopsy)
with 10 mL of sterile water, followed by flush of air to collect sample. The flush from
each channel and brush end, (removed using sterile scissors, were pooled. From
the pooled sample a 20 pL aliquot was used for measurement of ATP levels, 100 uL
was used for microbial culture and the remaining flush (approximately 30 mL) was
used for DNA extraction and gPCR determination.

To test for differences in soil and microbial load contaminating cleaned and
uncleaned endoscopes the Mann-Whitney, Wilcoxon and Spearman tests were
conducted using IBM SPSS Statistics software version 23.0.

Adenosine Triphosphate (ATP) Testing

ATP was measured using the commercially available Hygiena ATP devices
for endoscopes. The amount of ATP contaminating the external surface of the
endoscopes was measured by swabbing the distal 30 cm external surface of
endoscopes using Ultrasnap (Hygiena, Camarillo, Calif, USA); the ATP contaminating
the internal channels was assessed using Aquasnap (Hygiena, Camarillo, Calif,
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USA and using Endoswab (Hygiena, Camarillo, Calif, USA) to brush the distal
section of the endoscope biopsy channel. All ATP assay devices were placed into
the ATP bioluminescence device System Sure Plus (Hygiena, Camarillo, Calif, USA)
according to manufacturer’s instructions and the amount of contaminating ATP was
measured as relative light units (RLU).

Microbial culture

The number of culturable bacteria was determined by pipetting 100 yL of
endoscope channel flushes either neat sample or 100 yL of 10-fold serially diluted
sample into horse agar plates (HBA) (Micromedia Laboratories, Victoria, Australia),
applying the spread-plate technique and incubating at 37°C for 24 hours. After the
incubation period, the plates containing from 30 to 300 colonies were read and the
number of colony forming units per milliliter (CFU/mL) was calculated.

Culture positive results were plated to obtain single morphology colonies.
Isolated single colonies were subcultured onto Chromogenic UTI agar plates (Oxoid)
using the streaking technique and incubated at 37°C for a period of 18 to 24 hours
prior to reading, followed by bacterial identification and subculture onto selective
culture media including identification of multidrug resistant organisms (MDRO)
(Figure 10). The selective media for MDRO identification included BrillanceTM
MRSA agar plates (Oxoid, Thermo Fisher Scientific, Victoria, Australia) with 99.7%
specificity and 95.4% sensitivity for Methicillin-resistant Staphylococcus aureus
(MRSA) detection; Brilliance ESBL agar (Oxoid, Thermo Fisher Scientific, Victoria,
Australia) with 95% sensitivity and 94% selectivity for detection of extended-spectrum
beta-lactamase (ESBL) producing gram-negative bacteria; and BrillianceTM VRE
agar (Oxoid, Thermo Fisher Scientific, Victoria, Australia) with a sensitivity of 94.7%
at 24 hrs, and 100% sensitivity with 100% specificity at 48 hrs for Vancomycin-
resistant Enterococcus (VRE) detection. For Brilliance ESBL agar plates readings
the following sequence was used: coloured colonies were confirmed to be ESBL-
positive, E. coli colonies were pink or blue in colour; while Klebsiella, Enterobacter,
Serratia, and Citrobacter colonies were coloured green.

DNA extraction and quantitative PCR

For bacterial load determination, DNA was digested from inside the endoscope
channels by syringing 2 mL of digestion mix (50nM Tris/HCI pH 7.5; 150nM NacCl;
2 mM EDTA; 1% SDS; proteinase K 20mg/mL) inside a 20 cm section of channel
and incubating at 56 °C overnight. The channel section was then sonicated at an
average of 43 mHz in ultrasonic bath (Soniclean, JMR Australia) for 20 minutes and
the sonicate collected into a clean tube. The proteinase K was inactivated by heating
to 95 °C, cooled and 200 pL of 10 mg/mL lysozyme (Sigma-Aldrich, Castle Hill,

Discursos, Saberes e Praticas da Enfermagem 6 Capitulo 11




Australia) added followed by incubation at 56 °C for 2 hours.

DNA was then extracted using the salt precipitation method. Briefly, 640 uL of
5M NaCl was added to the digested sample, mixed vigorously and cooled on dry
ice for 10 minutes prior to centrifugation at 2500 rpm at 4 °C for 15 minutes. The
supernatant was transferred to a new tube before centrifuging at 2500 rpm at 4 °C
for 15 minutes and the new supernatant transferred to new tube prior to overnight
alcohol precipitation at -20 °C and centrifugation. DNA pellets were resuspended in
50 pL buffer (10mM Tris/HCL pH 8.0, TmM EDTA).

Contaminating bacterial numbers were determined by real-time quantitative PCR
using 16S rRNAEubacterial universal primers 341F5°- CCTACGGGAGGCAGCAG-3’
and 534R 5 -ATTACCGCGGCTGCTGG-3" as described previously (JACOMBS, et
al. 2012).

31 RESULTS

Atotal of 99 clinically used endoscopes (63 colonoscopes and 36 gastroscopes)
were tested both before and after manual cleaning. For determining amount of
residual soil or dirtiness the amount of ATP contaminating both the external and
internal part of the endoscopes were measured separately. Gastroscopes had
significantly higher ATP values than colonoscopes both internally (p<0.001) and
externally (p<0.001) after manual cleaning (Figure 1).
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ATP internal (RLU)
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Endoscopes Endoscopes

Figure 1. ATP values distribution by endoscope type after manual cleaning tested internally (A)
and externally (B).

Manual cleaning of gastroscopes resulted in a significantly greater reduction of
ATP contamination than that seen with colonoscopes both internally (p<0.001) and
externally (p<0.001) (Figure 2).
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Figure 2. Comparison of ATP results of gastroscopes and colonoscopes tested before and after
manual cleaning internally (A) and externally (B).

After manual cleaning, the internal part of the both endoscopes types were
more contaminated with biological soil than the external part (p<0.001). Overall,
56.5% of endoscopes had ATP levels greater than 200 RLU before manual cleaning
and 8% after cleaning.

For determining bacterial contamination levels, endoscopes flushes were
tested by a combination of microbial culture and qPCR for total bacterial load.
Microbial culture analysis demonstrated that 33% of the endoscopes tested grew
bacteria before manual cleaning and 11% grew bacteria after manual cleaning. The
maximum number of culturable bacteria prior to manual cleaning was 4 log10 and 2
log10 /mL after manual cleaning.

Isolated microorganisms were principally Escherichia coli (39%),
Staphylococcus coagulase negative (19%) and Klebsiella spp. (17%).

For the working endoscope channel bacterial load analysis, the median values
from before and after manual cleaning is 6 log10 bacteria/mL (range 3 log10 to
7 log10 bacteria/mL). There was a significant reduction in total bacterial load as
measured by qPCR after manual cleaning (p=0.03) (Figure 18). The total bacterial
load of colonoscopes following manual cleaning was significantly higher than the
total bacterial load on gastroscopes (p<0.001).
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Figure 18. Comparison of gPCR results (Bacteria/mL) tested on clinically used gastrointestinal
endoscopes before and after manual cleaning.

The correlation analysis among the variables cited above showed that ATP
and gPCR values presented a positive and significant correlation (p<0.001 for

colonoscopes and p=0.035 for gastroscopes).

4 | DISCUSSION

The efficacy of the reprocessing process of flexible gastrointestinal endoscopes
was evaluated by measuring biological soil utilizing various ATP test kits and comparing
ATP results to microbial load. There is frequent warning about the peculiarities of
the physical structure of endoscopes that threaten reprocessing quality and safety.
Therefore, a suitable bedside test to determine if an endoscope is clean prior to
disinfection is a necessary quality control tool.

Accomplishing endoscope reprocessing recommendations involves a careful
practice based on the range of procedures, equipment and potential risks involved
in the process. Failures of endoscope reprocessing can result in contaminated
endoscopes being used on patients and result in infection and outbreaks of HAI
(KOLA, etal. 2015; PETERSEN, et al. 2017). This reality justifies the arsenal produced
at the area, such as, disinfection agents, automated equipment, guidelines and
reprocessing quality control aimed at improving patient safety (BISSET, et al. 2006;
GASTMEIER; VONBERG, 2014; CDC, 2017). Endoscope reprocessing failures
can be related to human performance, inadequate materials and equipment with
structural and maintenance problems; and also organizational and environmental
problems (WEBER; RUTALA, 2013; GAMBLE; DUCKWORTH; RIDGWAY, 2007;
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LANGLAY, 2013).

Even though endoscope reprocessing evaluation may detect possible failures
and to avoid patient contamination, some recommendations are controversial among
international guidelines. Microbial culture is being used for detecting failures of
endoscope reprocessing and endoscope damage, during endoscope contamination
investigation (SAVIUC, et al. 2015; MUSCARELLA, et al. 2010) but is also used in
clinical practice for quality control. Nevertheless, some guidelines do not include
surveillance cultures as an endoscope reprocessing quality control given the time
necessary for results, cost and difficulties in interpreting results, especially regarding
environmental microorganism isolation (PETERSEN, et al. 2017; AORN, 2017).

Consideringthatendoscopereprocessingisamultistep process andthatcleaning
is considered crucial for disinfection success; monitoring cleaning procedures can
be effective on endoscope reprocessing quality control (ALFA; FATIMA; OLSON,
2013). Currently, visual inspection is recommended as gastrointestinal endoscope
manual cleaning evaluation procedure (CDC, 2017).

However, visual inspection recommendation has limitations, such as the
subjectivity inherent to the qualitative evaluation process without pre-established
criteria; the black color of the outside of the endoscopes that makes detecting soil
difficult; and the presence of narrow internal channels in the endoscopes that make
it impossible to visualize the endoscope internal surfasse (VISRODIA, et al. 2014).
We have found that gastrointestinal endoscope internal surfaces were contaminated
with higher amounts of biological soil than the external part of the endoscope. Visual
inspection obviously is inadequate for detecting soil contaminating internal channels.

We measured endoscope contamination utilising ATP, gPCR and culture
before and after manual cleaning. ATP test has been refereed as method to evaluate
endoscope manual cleaning efficiency (PAROHL, et al. 2017; FUSHIMI, et al. 2013).
ATP is present in all living organisms as an energy source, and in commercial test Kits
its presence is detected by the reaction of ATP with luciferase which converts ATP
into visible light (SHAMA; MALIK, 2013). The use of ATP as an indicator of biological
soil on test surfaces, including gastrointestinal endoscopes, has the advantage of
being rapid with testing time taking less than 5 minutes (SETHI, et al. 2017).

However, some possible limitations on the use of ATP as a cleaning test
monitoring are presented in the literature, such as, low accuracy and reproducibility
among commercially available brands99 different brands of ATP luminometer read on
different RLU scales so comparison between brands is difficult and limited sensitivity
in detecting low levels of ATP (WHITELY, et al. 2015). Thus, it is essential to use in
clinical practice an institutional protocol with recommendations for interpretation of
the results obtained with each type/brand of ATP test adopted.

The mean ATP values assessed on internal channels of gastrointestinal

Discursos, Saberes e Praticas da Enfermagem 6 Capitulo 11




endoscopes tested prior to manual cleaning were 738 RLU in gastroscopes and 52
RLU in colonoscopes. After cleaning, these values decreased significantly to 85 and
11 RLU, respectively. Similar study (ALFA; FATIMA; OLSON, 2013), using different
brand, demonstrated a reduction from 1315 RLU in the biopsy channels and 39.3
RLU in the colonoscopes air and water channels before cleaning to 20 RLU and 15.2
RLU, respectively, after cleaning.

Clinical studies evaluating gastrointestinal endoscopes cleaning procedure
with the same ATP devices used in this study have not been found in the literature.
However, comparison of three ATP test brands with in vitro contamination on metal
surfaces demonstrated statistically significant difference before and after cleaning
using Hygiena Ultrasnap device (SCIORTINO; GILES, 2012).

Although we haven’t found significant correlation between the results of ATP
tests and microbial culture, the correlation between biological soil (ATP) and total
bacterial load, as determined by gPCR, was statistically significant. It should be noted
that the majority of samples post cleaning had no microbial growth, this suggests that
the pre-cleaning and manual cleaning of the endoscopes were effective in reducing
their levels of contamination.

51 CONCLUSION

Endoscope manual cleaning analysis demonstrated the efficiency in reducing
biological soil (p <0.001) and microbial contamination (p = 0.03), with a low
percentage of the sample with viable microorganisms. This study confirms the
importance on manual cleaning on endoscope reprocessing and its relation with
microbial contamination, therefore, stating the importance of additional researches
on endoscope reprocessing quality control for assuring a safe procedure.
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