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Abstract

Introduction: During clinical use, gastrointestinal endoscopes are grossly contaminated with patient’s native flora.
These endoscopes undergo reprocessing to prevent infectious transmission upon future use. Endoscopy-associated
infections and outbreaks have been reported, with a recent focus on the transmission of multi-drug resistant organ-
isms. This review aims to provide an update on endoscopy-associated infections, and the factors contributing to their

occurrence.

outcomes of each outbreak were also examined.

infections and outbreaks.

Methods: PubMed, ScienceDirect, and CINAHL were searched for articles describing gastrointestinal endoscopy-
associated infections and outbreaks published from 2008 to 2018. Factors contributing to their occurrence, and the

Results: This review found 18 articles, 16 of which described duodenoscope-associated infections, and the remain-
ing two described colonoscope- and gastroscope-associated infection respectively. Outbreaks were reported from
the United States, France, China, Germany, the Netherlands and the United Kingdom. The causative organisms
reported were Klebsiella pneumoniae, Pseudomonas aeruginosa, Escherichia coli and Salmonella enteritidis.

Conclusions: A number of factors, including lapses in reprocessing, biofilm formation, endoscope design issues and
endoscope damage, contribute to gastrointestinal endoscopy associated infection. Methods of improving endoscope
reprocessing, screening for contamination and evaluating endoscope damage may be vital to preventing future

Background

During clinical use, endoscopes are contaminated with
patients’ native flora [1]. These infectious agents must
be removed to prevent cross-infection during subse-
quent use [2—4]. Endoscopes usually undergo reprocess-
ing rather than sterilization [4]. Endoscope reprocessing
is performed in Australia according to the guidelines
provided by the Gastroenterological Nurses College of
Australia and Gastroenterological Society of Australia
(GENCA/GESA) [5]. Reprocessing typically consists of 8
steps: precleaning, leak testing, manual cleaning, rinsing
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after cleaning, visual inspection, high-level disinfection,
rinsing after high-level disinfection, and drying [5].

Endoscopes cannot be autoclaved because they are
made of heat-sensitive materials [6]. There are low-tem-
perature alternatives, including ethylene oxide (EtO) gas
sterilisation, which have been adopted in response to cul-
ture-positive endoscopes and endoscopy-associated out-
breaks [7, 8]. EtO gas sterilization is more expensive than
standard reprocessing, requires more time, poses a risk
to the health of associated staff, and has been suggested
to shorten an endoscopes lifespan [7, 9, 10].

Endoscope reprocessing has been associated with a
variable failure rate, one study reporting gastroscope
and colonoscope reprocessing failure rates of 1.8%
and 1.9% respectively [3]. There are many reasons for
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persistent contamination including failures in repro-
cessing, acquired and inherent endoscope defects, inap-
propriate or defective cleaning supplies, and biofilm
formation [11]. Persistent endoscope contamination can
facilitate endoscopy-associated infections and outbreaks
[12].

The risk of infectious transmission was previously
estimated to be 1 in 1.8 million endoscopic procedures
[13]. This figure now appears to be a significant under-
estimation for many reasons, including a lack of detailed
surveillance for infections following endoscopy, under-
reporting, and a lack of recognition of acknowledged
transmissions [14]. The significance of these transmission
events has increased with the emergence of multidrug-
resistant organisms and their involvement in endoscopy-
associated outbreaks [15, 16].

To prevent endoscopy-associated infection, it is rec-
ommended that endoscopy units perform surveillance
cultures [5, 17]. In Australia, duodenoscopes, broncho-
scopes, linear EUS (endoscopic ultrasound) endoscopes
and automatic endoscope/flexible endoscope reproces-
sor (AERs/AFERs) undergo monthly testing, and all other
endoscopes, including gastroscopes and colonoscopes,
are tested quarterly [17]. Surveillance cultures are ret-
rospective and act to limit rather than prevent patient
exposure. As such, endoscopy-associated infections can
still occur despite reprocessing and surveillance cultures.
This review aimed to provide an update on published
gastrointestinal endoscopy-associated infections and
outbreaks, and explore the factors contributing to their
occurrence.

Methods

The primary investigator created the search strategy,
which was reviewed by each of the authors. PubMed,
ScienceDirect and CINAHL were searched for full-text
articles published in English within the last 10 years, and
an additional filter, “human” was applied to the PubMed
search.

Searches were performed with the following keywords:
“endoscop®’; “gastroscop*’;, “colonoscop*’, “duodenoscop®’
“endoscopic retrograde cholangiopancreatography’, “gas-
trointestinal endoscop*’;, “clean*’;, “reprocess*’;, “steril*’,
“high?level disinfection’, “infect*’) “contaminat®; “out-
break*’;, and “vector*” Across all three of the databases,
a total of 1500 articles were found. Article titles were
screened before two reviewers independently screened
abstracts of the selected articles. Articles discussing an
outbreak or transmission event related to a gastrointesti-
nal endoscope were selected. Full-texts were then down-
loaded (333) and reviewed.

Articles were excluded if they did not describe an
endoscopy-associated infection(s) or outbreak(s) or
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described an infection transmission event involving a
non-gastrointestinal endoscope. Articles were included
if they described case(s) of endoscopy-associated
infection(s) or outbreak(s), were written in English, and
were published within the last 10 years. The search strat-
egy and study selection process are summarised in Fig. 1.

Results

Of the 18 articles reviewed, sixteen described outbreaks
associated with duodenoscope use, and two described
outbreaks associated with gastroscope and colonoscope
use respectively. The causative microorganisms reported
were Klebsiella pneumoniae, Pseudomonas aeruginosa,
Escherichia coli, and Salmonella enteritidis.

Outbreaks related to reprocessing

Nine articles reported issues with endoscope reprocess-
ing [18-26]. Issues with drying were reported in five of
these studies. Poor adherence to cleaning guidelines was
reported in seven, and one article described reprocessing
prior to the introduction of national standards [23].

Naas et al. [20] and Carbonne et al. [18] describe a
multi-hospital outbreak of carbapenemase-producing
Klebsiella pneumoniae associated with a contaminated
duodenoscope [15]. Seventeen patients were exposed to
the duodenoscope, ten were screened and six were found
to be colonised with K. pneumoniae. A review of the
reprocessing method revealed issues with drying. Follow-
ing this, drying was prioritised and the frequency of duo-
denoscope microbiological surveillance was increased to
a monthly basis.

Aumeran et al. [22] also report on a duodenoscope-
associated outbreak with extended-spectrum beta
lactamase-(ESBL) producing K. pneumoniae. Simi-
larly, a reprocessing audit revealed endoscopes were
not fully dried before storage and were brushed before
being flushed with a detergent solution. The endoscope
remained culture negative until a Tween-based solution
was used. The duodenoscopes were inspected, and repro-
cessing adherence was mandated. An additional day was
allocated for procedures to decrease the number of pro-
cedures per day.

Bajolet et al. [21] describe a gastroscope-associated
outbreak in four patients with an ESBL-producing P. ger-
uginosa. A reprocessing audit revealed that the time ded-
icated to brushing/flushing of endoscope channels was
less than 10 min, suction cylinders were not sterilised, a
single diameter channel cleaning brush was used for all
gastrointestinal endoscopes, and the drying process was
inadequate. Following this, compliance with the recom-
mended manual cleaning time, sterilisation of suction
cylinders and quarterly microbiological surveillance test-
ing was enforced.
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Search date: 25th January 2018
1500 records found including duplicates:
PubMed — 403
EMBASE - 810
CINAHL - 287

1167 records excluded following screening for
relevance

333 full-text articles assessed for eligibility.

299 full-text articles excluded:

* n =76 duplicates removed

* n =17 systematic reviews removed

*n =19 articles discussing outbreaks associated with
non-gastrointestinal endoscopes removed

* n =160 articles not discussing outbreaks removed

* n = 23 articles which were either abstracts or letters
to editors removed

*n = 2 articles describing the same outbreak as
another paper which were removed

*n = 1 article which did not specify which type of
endoscope was involved which was removed

*n = 1 article which did not include evidence
confirming the endoscope was the source of the
outbreak which was removed

34 remaining full-text article reference lists
were screened for additional articles

21 additional articles were found

55 articles were reviewed and 37 full-text
articles were excluded:

* n =7 duplicates removed

* n =17 articles which did not describe an outbreak or
infection were removed

* n =7 articles which discussed outbreaks associated
with non-gastrointestinal endoscopes were removed

* n = 6 articles describing the same outbreak as
another paper which were removed

J

18 articles selected for inclusion in this review

Fig. 1 Search strategy and study selection flow chart. This is a flow
chart illustrating which databases were searched and the number of
articles found from each database. This flow chart also documents

the screening process and reasons for the exclusion of articles

from the review, as well as the number of articles removed at each

screening step

(e )

o )
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Alrabaa et al. [19] and Sanderson et al. [24] report the
infection of seven patients with carbapenemase-produc-
ing K. pneumoniae. A reprocessing audit found devia-
tion during duodenoscope elevator channel cleaning,
such that debris remained underneath the elevator piece.
Culturing of this section revealed E. coli. Of 51 exposed
patients, 46 underwent screening and three patients were
colonised with carbapenemase-producing organisms.

Reiner et al. [25] describe an outbreak of P. aeruginosa
bacteraemia and sepsis in three patients following endo-
scopic retrograde cholangiopancreatography (ERCP)
with the same duodenoscope. Cultures from 6 of the 12
endoscopes, including the implicated endoscope, grew P
aeruginosa. Fluid samples from bottles containing enzy-
matic solution for precleaning revealed the presence of P
aeruginosa. These bottles were all topped off by a larger
bottle, which tested positive for P aeruginosa and S.
maltophila. The outbreak was terminated after the con-
centration of solution used was standardized, refillable
enzymatic bottles were removed and replaced with single
case enzymatic packs, and competencies for reprocessing
personnel were repeated.

Robertson et al. [23] postulate that a patient colonised
with Salmonella enteritidis underwent ERCP and con-
taminated a loaned duodenoscope which then trans-
mitted the S. enteritidis spp. to three other patients.
A reprocessing audit revealed issues including reuse
of endoscope cleaning brushes, no dedicated sink for
hand hygiene, no commissioning data for the endoscope
washer disinfection (EWD), the EWD failed to provide
vital information such as channel patency and failed a
subsequent load dryness test. Following the outbreak, the
EWD was removed from service.

Reddick [26] also reported an outbreak involving S.
enteritidis, with three patients following colonoscopy
with the same colonoscope. Pulse-gel field electrophore-
sis patterns for each isolate were identical, but the impli-
cated colonoscope was culture negative. A reprocessing
review found that clean and soiled endoscopes were kept
in the same room, and endoscopes were kept in the AER
when there was no hanging space available for drying.

Outbreaks associated with no reprocessing lapses
or endoscope defects
Seven studies reported outbreaks with no issues in repro-
cessing or endoscope defects [7, 27-31]. Other published
outbreaks have also occurred despite no apparent lapses
in reprocessing [9, 29, 32]. In four articles, implementa-
tion of EtO sterilisation limited the outbreak.

Kola et al. [28] report an outbreak of OXA-48 car-
bapenemase-producing K. pneumoniae (CRKP). The
authors hypothesise an infected patient contaminated a
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duodenoscope, which then infected five other patients.
A reprocessing audit revealed no deviations, but cultures
performed on another endoscope grew enterococci.

Humphries et al. [30] describe an outbreak of multi-
drug-resistant Klebsiella pneumoniae bacteraemia and
sepsis following ERCP, of which two of nine infected
patients died as a result. A reprocessing review found no
deviations, and the endoscopes were culture negative,
except for 1-2 colonies of coagulase-negative Staphy-
lococcus. In response, implicated scopes were retired,
reprocessing was modified and duodenoscopes and linear
echoendoscopes underwent EtO gas sterilization off-site.
Additional duodenoscopes were purchased, reprocess-
ing staff repeated competencies for both endoscopes and
AERs, and reprocessing underwent weekly observation.
Following these changes, no further outbreaks or infec-
tions were reported.

Qiu et al. [29] report an outbreak involving a duoden-
oscope contaminated with P aeruginosa. The authors
hypothesise a patient contaminated the duodenoscope,
which then infected another two patients. The duo-
denoscope underwent four rounds of reprocessing but
remained culture-positive. The endoscope manufacturers
then sterilised the endoscope with epoxyethane, disman-
tled the channels, and examined them for biofilm, which
was absent.

Kovaleva et al. [31] describe an outbreak of multidrug-
resistant P aeruginosa with 3 patients following ERCP.
Following the second case, the duodenoscope was cul-
tured and produced P aeruginosa. Despite multiple
rounds of reprocessing, the duodenoscope remained cul-
ture-positive. The duodenoscope was then removed from
service and underwent EtO gas sterilisation, after which
the duodenoscope was culture negative. Four months
later, the duodenoscope was culture positive for P aer-
uginosa. After inspection, structures suggestive of biofilm
were identified in undamaged channels of the scope.

Kim et al. [27] report an outbreak of CRKP with two
epidemiologically linked culture-negative duodeno-
scopes. No breaches were identified in the reprocessing
method. One hundred and fifteen patients were exposed,
104 patients underwent screening and 15 were infected
with CRKP. Biliary stent placement, cholangiocarcinoma
and active inpatient status were each found to increase
the risk of developing carbapenemase-resistant Entero-
bacteriaceae (CRE) infection following ERCP. The risk of
clinically relevant CRE infection following ERCP was cal-
culated at 7.7%.

Both Smith et al. [9] and Epstein et al. [7] report an
outbreak of New Delhi metallo-beta-lactamase 1-(NDM-
1) producing E. coli associated with contaminated duo-
denoscopes despite no reprocessing lapses. In response,
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both units implemented EtO sterilisation of duodeno-
scopes and no further cases were reported. Epstein
et al. [7] report that the associated duodenoscopes were
culture-negative.

An outbreak associated with endoscope defects

Wendorf et al. [33] describe an outbreak of AmpC E. coli
associated with ERCP. An investigation found 32 cases
following exclusion of secondary infection transmission
and duplicate cases. A reprocessing audit revealed the
unit was reprocessing above the industry standard. How-
ever, seven of the eight duodenoscopes inspected by the
manufacturer had at least one critical defect; three failed
a leak test during the manufacturers assessment but
passed at the hospital.

An outbreak associated with endoscope design

Verfaillie et al. [32] report on an outbreak related to the
design of a specific duodenoscope, the Olympus TJE-
180 V, which has since been removed from clinical use.
The duodenoscope had a fixed distal cap, and a sealed
elevator wire channel port; sealed with an O-ring, which
may not have sealed the forceps elevator axis sufficiently.
Thirty patients were infected with a VIM-2-positive P
aeruginosa strain, 22 of which were infected by the duo-
denoscope. Following removal of the model from clinical
use, the number of VIM-2-positive P aeruginosa cases
decreased.

Scanning electron microscopy (SEM) of the distal
cap and its components revealed a rough surface on the
O-ring, as well as sludge behind the glass that covers the
light-guide lens, a crack in the fixed cap, a brown layer on
the O-ring and brown staining of the frame of the distal
tip. There were no breaches in adherence to the repro-
cessing guidelines.

Discussion
Eighteen outbreaks associated with gastrointestinal
endoscopy were reviewed. The majority were associated
with duodenoscopes, the distal tip of which could not be
dismantled to facilitate effective cleaning [32] and con-
tains an intricate contamination-prone elevator mecha-
nism [34]. Recently, duodenoscopes with detachable
distal caps have been developed to address this issue [35].
Outbreaks were also associated with lapses in endo-
scope reprocessing. Manual cleaning, which is crucial
to preventing biofilm formation [36], was identified as
inadequate [19, 21-23] in four of the reviewed articles.
In contrast, seven outbreaks occurred with no apparent
reprocessing lapses, which could be explained by biofilm
contamination [29]. It has been shown that biofilm can
persist within an endoscope despite reprocessing [37],
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and this may contribute to persistent contamination. In
one article, structures suggestive of biofilm were found
inside the channels of a persistently contaminated duo-
denoscope [31]. Kovaleva specifically identified P. aerugi-
nosa as a biofilm-producer [38], which is interesting as it
was the culprit organism in three outbreaks.

The drying process is also crucial to effective endo-
scope reprocessing [17, 39]. Recently, the use of drying
cabinets with pressurised air flow through endoscope
channels has been shown to reduce microbiological load
[40, 41], and has been implemented in endoscopy units
[5] to ensure thorough drying.

Endoscope defects are also a potential explanation, as
identified by Wendorf et al. [33]. An article by Ofstead
et al. used borescopes to identify damage within endo-
scope channels, and found previously undetected dam-
age and debris [42]. This damage may facilitate persistent
contamination despite adherent reprocessing, and poten-
tial biofilm formation.

Furthermore, endoscope reprocessing can have a
variable failure rate [3]. A study following the outbreak
reported by Wendorf et al. found that despite stringent
reprocessing, there was an inherent high-level disinfec-
tion failure rate of 2% [43]. Similar rates were identified
by Bisset et al. for gastroscopes and colonoscopes (1.8%
and 1.9% respectively) [3], and by Higa et al. for endo-
scopes (1.9%) [44].

The exclusion of outbreaks that were not published in a
peer-reviewed journal, and the low number of published
outbreaks, limit this review. Most endoscope reprocess-
ing lapses are never reported [11] or associated infec-
tions are not recognised [14], and if an outbreak has not
been contained, it may not be reported [15]. Gastmeier
and Vonberg suggest in their own review of endoscopy-
associated infections with Klebsiella spp. that it is very
likely outbreaks may not be acknowledged because they
involve commensal bacteria of the gastrointestinal tract
[45]. The review is also limited by the quality of evidence;
endoscopy-associated infections are usually reported as
case studies or case series.

Conclusion

In conclusion, methods of improving endoscope repro-
cessing and screening for endoscope contamination,
such as the use of adenosine triphosphate (ATP) meas-
urement [46], may be vital to preventing future endos-
copy-associated infections and outbreaks. Furthermore,
endoscope reprocessing may be more effective if it is reg-
ularly reviewed to ensure adherence, and routine main-
tenance and inspection is crucial to preventing infection
transmission.

Page 5 of 6

Abbreviations

GENCA/GESA: Gastroenterological Nurses College of Australia and Gastro-
enterological Society of Australia; EtO: ethylene oxide; EUS: (endoscopic
ultrasound) endoscope; AER/AFER: automatic endoscope/flexible endoscope
reprocessor; CINAHL: the Cumulative Index to Nursing and Allied Health
Literature; ESBL: extended-spectrum beta-lactamase; ERCP: endoscopic
retrograde cholangiopancreatography; EWD: endoscope washer disinfector;
OXA-48: oxacillinase-48; CRE: carbapenemase-resistant enterobacteriaceae;
NDM 1: new delhi metallo-beta-lactamase 1; VIM-2: verona integron-encoded
metallo-beta-lactamase 2; ATP: adenosine triphosphate.

Authors’ contributions

All authors contributed towards the study concept, article review and revision
of the paper, and agreed to be accountable for all aspects of the work. All
authors read and approved the final manuscript.

Author details

! Ingham Institute for Applied Medical Research, 1 Campbell Street, Sydney,
NSW 2560, Australia. > Western Sydney University, School of Medicine,
Sydney 2560, Australia. > Department of Gastroenterology and Hepatology,
Liverpool Hospital, Sydney 2170, Australia. * School of Medicine, University
of New South Wales, Sydney 2033, Australia.

Acknowledgements
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
Not applicable.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Funding
Not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 30 August 2018 Accepted: 6 October 2018
Published online: 10 October 2018

References

1. Nelson DB, Muscarella LF. Current issues in endoscope reprocessing and
infection control during gastrointestinal endoscopy. World J Gastroen-
terol. 2006;12(25):3953-64.

2. Ribeiro MM, de Oliveira AC. Analysis of the air/water channels of gastro-
intestinal endoscopies as a risk factor for the transmission of microorgan-
isms among patients. Am J Infect Control. 2012;40(10):913-6.

3. BissetL, Cossart YE, Selby W, West R, Catterson D, O'Hara K; et al. A pro-
spective study of the efficacy of routine decontamination for gastroin-
testinal endoscopes and the risk factors for failure. Am J Infect Control.
2006;34(5):274-80.

4. Committee AQAIE, Petersen BT, Chennat J, Cohen J, Cotton PB,
Greenwald DA, et al. Multisociety guideline on reprocessing flex-
ible gastrointestinal endoscopes: 2011. Gastrointestinal endoscopy.
2011;73(6):1075-84.

5. Gastroenterological Society of Australia (GESA). Infection control in
endoscopy consenus statements. In: Australian gastroenterology week
(AGW) 2017, Queensland, Australia; 2017.

6. ChoiHH, Cho YS. Endoscope reprocessing: update on controversial
issues. Clin Endosc. 2015:48(5):356-60.



McCafferty et al. Ann Clin Microbiol Antimicrob (2018) 17:36

20.

21.

22.

23.

24.

25.

26.

Epstein L, Hunter JC, Arwady MA, Tsai V, Stein L, Gribogiannis M, et al.
New Delhi metallo-beta-lactamase-producing carbapenem-resistant
Escherichia coli associated with exposure to duodenoscopes. JAMA.
2014,312(14):1447-55.

Naryzhny |, Silas D, Chi K. Impact of ethylene oxide gas sterilization of
duodenoscopes after a carbapenem-resistant Enterobacteriaceae out-
break. Gastrointest Endosc. 2016;84(2):259-62.

Smith ZL, Oh'YS, Saeian K, Edmiston CE Jr, Khan AH, Massey BT, et al.
Transmission of carbapenem-resistant Enterobacteriaceae during ERCP:
time to revisit the current reprocessing guidelines. Gastrointest Endosc.
2015;81(4):1041-5.

Rutala WA, Weber DJ. Disinfection and sterilization: an overview. Am J
Infect Control. 2013;41(5 Suppl):S2-5.

. Dirlam Langlay AM, Ofstead CL, Mueller NJ, Tosh PK, Baron TH, Wetzler HP.

Reported gastrointestinal endoscope reprocessing lapses: the tip of the
iceberg. Am J Infect Control. 2013;41(12):1188-94.

Herve RC. Endoscopy in the twenty-first century: minimally invasive
state-of-the-art medical technology or a future main vector of hospital-
acquired infections? J Hosp Infect. 2017;97(4):329-30.

Kimmery MBBD, Carr-Locke DL, DiMarino AJ, Jensen DM, Katon R, et al.
ASGE technology assessment position paper: transmission of infection by
gastrointestinal endoscopy. Gastrointest Endosc. 1993;36:885-8.

Ofstead CL, Dirlam Langlay AM, Mueller NJ, Tosh PK, Wetzler HP. Re-
evaluating endoscopy-associated infection risk estimates and their
implications. Am J Infect Control. 2013;41(8):734-6.

O'Horo JC, Farrell A, Sohail MR, Safdar N. Carbapenem-resistant Entero-
bacteriaceae and endoscopy: an evolving threat. Am J Infect Control.
2016;44(9):1032-6.

Rubin ZA, Murthy RK. Outbreaks associated with duodenoscopes: new
challenges and controversies. Curr Opin Infect Dis. 2016;29(4):407-14.
Gastroenterological Society of Australia (GESA), Gastroenterological
Nurses College of Australia (GENCA). Infection control in endoscopy, 3rd
ed. Mulgrave; 2010.

Carbonne A, Thiolet JM, Fournier S, Fortineau N, Kassis-Chikhani N,
Boytchev |, et al. Control of a multi-hospital outbreak of KPC-producing
Klebsiella pneumoniae type 2 in France, September to October 2009. Euro
surveill Bull Europeen sur les maladies transmissibles = European com-
municable disease bulletin. 2010;15(48):19734.

Alrabaa SF, Nguyen P, Sanderson R, Baluch A, Sandin RL, Kelker D, et al.
Early identification and control of carbapenemase-producing Klebsiella
pneumoniae, originating from contaminated endoscopic equipment. Am
JInfect Control. 2013;41(6):562-4.

Naas T, Cuzon G, Babics A, Fortineau N, Boytchev |, Gayral F, et al.
Endoscopy-associated transmission of carbapenem-resistant Klebsiella
pneumoniae producing KPC-2 beta-lactamase. J Antimicrob Chemother.
2010;65(6):1305-6.

Bajolet O, Ciocan D, Vallet C, de Champs C, Vernet-Garnier V, Guillard

T, et al. Gastroscopy-associated transmission of extended-spectrum
beta-lactamase-producing Pseudomonas aeruginosa. J Hosp Infect.
2013;83(4):341-3.

Aumeran C, Poincloux L, Souweine B, Robin F, Laurichesse H, Baud O,

et al. Multidrug-resistant Klebsiella pneumoniae outbreak after endoscopic
retrograde cholangiopancreatography. Endoscopy. 2010;42(11):895-9.
Robertson P, Smith A, Anderson M, Stewart J, Hamilton K, McNamee S,
et al. Transmission of Salmonella enteritidis after endoscopic retrograde
cholangiopancreatography because of inadequate endoscope decon-
tamination. Am J Infect Control. 2017;45(4):440-2.

Sanderson R, Braithwaite L, Ball L, Ragan P, Eisenstein L. An outbreak of
carbapenem-resistant Klebsiella pneumoniae infections associated with
endoscopic retrograde cholangiopancreatography (ERCP) procedures at
a hospital. Am J Infect Control. 2010;38(5):e141.

Reiner S. Investigation of a cluster of genomically identical Pseudomonas
aeruginosa blood isolates following endoscopic retrograde cholangio-
pancreatography in a gastroenterology laboratory. Am J Infect Control.
2008;36(5):E198.

Reddick E. Investigation of salmonellosis outbreak following a hos-

pital endoscopy: a public health case study. Can J Infect Control.
2017,32(3):156-9.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Page 6 of 6

Kim S, Russell D, Mohamadnejad M, Makker J, Sedarat A, Watson RR, et al.
Risk factors associated with the transmission of carbapenem-resistant
Enterobacteriaceae via contaminated duodenoscopes. Gastrointest
Endosc. 2016;83(6):1121-9.

Kola A, Piening B, Pape UF, Veltzke-Schlieker W, Kaase M, Geffers C, et al.
An outbreak of carbapenem-resistant OXA-48—producing Klebsiella
pneumonia associated to duodenoscopy. Antimicrob Resist Infect Con-
trol. 2015;4:8.

Qiu L, Zhou Z, Liu Q, NiY, Zhao F, Cheng H. Investigating the failure of
repeated standard cleaning and disinfection of a Pseudomonas aerug-
inosa-infected pancreatic and biliary endoscope. Am J Infect Control.
2015/43(8):e43-6.

Humpbhries RM, Yang S, Kim S, Muthusamy VR, Russell D, Trout AM, et al.
Duodenoscope-related outbreak of a carbapenem-resistant Klebsiella
pneumoniae identified using advanced molecular diagnostics. Clin Infect
Dis. 2017,65(7):1159-66.

Kovaleva J, Meessen NE, Peters FT, Been MH, Arends JP, Borgers RP, et al. Is
bacteriologic surveillance in endoscope reprocessing stringent enough?
Endoscopy. 2009;41(10):913-6.

Verfaillie CJ, Bruno MJ, Voor in‘t Holt AF, Buijs JG, Poley JW, Loeve AJ, et al.
Withdrawal of a novel-design duodenoscope ends outbreak of a VIM-
2-producing Pseudomonas aeruginosa. Endoscopy. 2015;47(6):493-502.
Wendorf KA, Kay M, Baliga C, Weissman SJ, Gluck M, Verma P, et al. Endo-
scopic retrograde cholangiopancreatography-associated AmpC Escheri-
chia coli outbreak. Infect Control Hosp Epidemiol. 2015;36(6):634-42.
Humphries RM, McDonnell G. Superbugs on duodenoscopes: the chal-
lenge of cleaning and disinfection of reusable devices. J Clin Microbiol.
2015;53(10):3118-25.

Medical P. Video Duodenoscopes ED34-i10T. Japan: PENTAX Medical;
2018. https://www.pentaxmedical.com/pentax/en/100/1/Video-Duode
noscopes-ED34-i10T. Accessed Mar 2018.

Asge Standards Of Practice C, Banerjee S, Shen B, Nelson DB, Lichtenstein
DR, Baron TH, et al. Infection control during Gl endoscopy. Gastrointest
Endosc. 2008;67(6):781-90.

Ren-Pei W, Hui-Jun X, Ke Q Dong W, Xing N, Zhao-Shen L. Cor-

relation between the growth of bacterial biofilm in flexible endo-

scopes and endoscope reprocessing methods. Am J Infect Control.
2014,42(11):1203-6.

Kovaleva J. Infectious complications in gastrointestinal endoscopy and
their prevention. Best Pract Res Clin Gastroenterol. 2016,30(5):689-704.
Alfa MJ. Current issues result in a paradigm shift in reprocessing medical
and surgical instruments. Am J Infect Control. 2016;44(5 Suppl):e41-5.
Pineau L, Villard E, Duc DL, Marchetti B. Endoscope drying/storage cabi-
net: interest and efficacy. J Hosp Infect. 2008;68(1):59-65.

Grandval P, Hautefeuille G, Marchetti B, Pineau L, Laugier R. Evaluation of a
storage cabinet for heat-sensitive endoscopes in a clinical setting. J Hosp
Infect. 2013;84(1):71-6.

Ofstead CL, Wetzler HP, Eiland JE, Heymann OL, Held SB, Shaw MJ. Assess-
ing residual contamination and damage inside flexible endoscopes over
time. Am J Infect Control. 2016;44(12):1675-7.

Ross AS, Baliga C, Verma P, Duchin J, Gluck M. A quarantine process for
the resolution of duodenoscope-associated transmission of multidrug-
resistant Escherichia coli. Gastrointest Endosc. 2015;82(3):477-83.

Higa JT, Gluck M, Ross AS. Duodenoscope-associated bacterial infections:
a review and update. Curr Treat Options Gastroenterol. 2016;14(2):185-93.
Gastmeier P, Vonberg RP. Klebsiella spp. in endoscopy-associated
infections: we may only be seeing the tip of the iceberg. Infection.
2014,42(1):15-21.

McCafferty CE, Abi-Hanna D, Aghajani MJ, Micali GT, Lockart |, Vickery

K, et al. The validity of adenosine triphosphate (ATP) measurement in
detecting endoscope contamination. J Hosp Infect. 2018. https://doi.
0rg/10.1016/}jhin.2018.08.004.


https://www.pentaxmedical.com/pentax/en/100/1/Video-Duodenoscopes-ED34-i10T
https://www.pentaxmedical.com/pentax/en/100/1/Video-Duodenoscopes-ED34-i10T
https://doi.org/10.1016/j.jhin.2018.08.004
https://doi.org/10.1016/j.jhin.2018.08.004

	An update on gastrointestinal endoscopy-associated infections and their contributing factors
	Abstract 
	Introduction: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Results
	Outbreaks related to reprocessing
	Outbreaks associated with no reprocessing lapses or endoscope defects
	An outbreak associated with endoscope defects
	An outbreak associated with endoscope design

	Discussion
	Conclusion
	Authors’ contributions
	References




