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HealtHcare-associated infections

Healthcare-associated infections (HAIs) are infections patients get in healthcare facilities 
while being treated for another disease (1). These infections appear during admission or 
after discharge and are therefore mostly referred to as nosocomial infections or hospital 
infections. Most commonly, they are defined as occurring between 48 hours after admis-
sion and 30 days after discharge (2, 3). However, there are many other definitions, one 
more applicable than the other. It was estimated that in the United States (U.S.) about 
721,800 patients developed HAIs in 2011, and about 75,000 patients (10.4%) with a HAI 
died (4). Additionally, a U.S. survey showed that the percentage of HAIs in 2011 was 4.0% 
(95% confidence interval [CI] =3.7% to 4.4%) (4). Pneumonia (21.8%) and surgical site in-
fections (SSI, 21.8%) were the leading HAIs in the U.S., followed by gastrointestinal tract 
infections (17.1%), urinary tract infections (12.9%) and primary bloodstream infections 
(9.9%) (4). More than half of these HAIs occurred outside the intensive care unit (ICU). The 
Centers for Disease Control and Prevention (CDC) reports that efforts to prevent HAIs are 
successful, as for example central line-associated bloodstream infections (CLABSIs) were 
shown to be reduced in the U.S. by 50% between 2008 and 2014 (5). Annual financial 
losses by HAIs have been estimated at $6.5 billion in the U.S., and €7 billion in Europe (2).

In the Netherlands, since 2007, the Dutch National Nosocomial Surveillance Network 
(PREZIES) has monitored HAIs by prevalence surveys based on voluntary participation 
of hospitals. In 2017, 66 out of 78 Dutch hospitals participated (6). The prevalence of 
HAIs in Dutch hospitals in 2017 was 5.0% (95% CI= 4.6% to 5.3%) - 624 HAIs in absolute 
numbers (6, 7). Similar to the U.S. surveys, the most prevalent HAIs in the Netherlands 
were pneumonia and SSI (7).

HAIs may be caused by a variety of microorganisms, including bacteria, viruses, fungi 
and parasites. In this thesis we will focus on bacteria. Globally, the most common mi-
croorganisms causing HAIs are bacteria - with as most frequently isolated Staphylococ-
cus aureus and Escherichia coli (2). However, geographical differences do occur as for 
example in Italy Klebsiella species were most frequently isolated in HAIs, followed by E. 
coli and Pseudomonas aeruginosa (8). In the Netherlands, the picture mimics the global 
situation with E. coli and S. aureus as most common bacteria in HAIs (8).

The microorganisms that cause HAIs may come from endogenous or exogenous 
sources. Endogenous sources are sites in or on the human body that are normally inhab-
ited by microorganisms, such as the skin and the gastrointestinal tract (1). Preventive 
measures that can be installed to prevent HAIs from an endogenous source include 
for example S. aureus decolonization of nasal and extranasal body sites to prevent SSI, 
or selective digestive tract decontamination (SDD) for patients admitted to the ICU to 
prevent pneumonia (9, 10). Additionally, skin antiseptics before surgery and attention 
to personal hygiene of patients are also to prevent endogenous infections (11, 12). 
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Exogenous sources refer to all sources outside the patients’ body, such as the hospital 
environment, healthcare workers and other patients (1). In the innate environment of 
hospitals, including patients’ rooms, microorganisms can survive from a few days up to 
months, depending on the microorganisms involved (13). Therefore, washbasins, tables, 
door handles, etc. can act as a continuous source for transmission of microorganisms, 
which after successful transmission leads to colonization, and can then subsequently 
cause HAIs in patients (14-16). Also, HAIs can be associated with devices used for medi-
cal procedures, such as catheters, ventilators or endoscopes (14-16). Especially when 
devices are used into sterile or organic spaces in the body, exogenous infections can be 
detected. Prevention of HAIs from exogenous sources includes for example thoughtful 
use of medical devices and thorough cleaning and disinfection, the latter if appropriate, 
of the hospital environment (14, 16). A measure that prevents infections from endog-
enous sources as well as from exogenous sources is hand hygiene.

Questions to be addressed in this thesis; chapter 2: Which infection prevention 
measures can be installed and are proven to be effective to prevent HAIs in patients?

HigHly-resistant microorganisms

In recent years there has been a worldwide increase of HAIs caused by highly-resistant 
microorganisms (HRMO) and of patients colonized with HRMO. These HRMO are of great 
concern since there is no parallel progression in the development of novel antibiotics. 
Examples are extended-spectrum beta-lactamase (ESBL)-producing Enterobacteriaceae 
(i.e. Gram-negative bacteria resistant to third-generation cephalosporin antibiotics), 
carbapenemase-producing bacteria such as oxacillinase (OXA)-48 K. pneumoniae, or 
Verona Integron-encoded Metallo-β-lactamase (VIM)-positive P. aeruginosa (i.e. Gram-
negative bacteria resistant to carbapenem antibiotics), and vancomycin-resistant 
enterococci (VRE – Gram-positive bacteria resistant to the antibiotic vancomycin). In 
February 2017, the World Health Organization (WHO) classified carbapenem-resistant 
Enterobacteriaceae, ESBL-producing Enterobacteriaceae, and carbapenem-resistant P. 
aeruginosa and Acinetobacter baumannii as priority 1; critical (17). Enterobacteriaceae 
include K. pneumoniae, E. coli, Enterobacter spp., Serratia spp., Proteus spp., Providencia 
spp., and Morganella spp. (17). Global health experts agreed that these bacteria pose the 
greatest threat to human health and new antibiotics are urgently needed. The burden of 
disease caused by HRMO is high in terms of morbidity and mortality in affected patients, 
and extra costs for healthcare (18). Worldwide, the prevalence of HRMO varies from less 
than one percent to above 50 percent and differs between countries and per HRMO. 
In 2011 and 2012, the European Centre for Disease Control and Prevention (ECDC) 
conducted an EU-wide point prevalence survey to determine antimicrobial resistance 
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of microorganisms reported in HAIs (19). The results showed alarming rates of third-
generation cephalosporin resistance in Enterobacteriaceae and carbapenem resistance 
in A. baumannii and P. aeruginosa (19).

Two large Dutch studies showed that at admission in a hospital, 6.4% to 7.4% of pa-
tients carried an ESBL-producing Enterobacteriaceae, and at discharge 8.7% to 10.1%, 
respectively (20). This means that 2.3% to 2.7% is possibly hospital acquired (20). Pos-
sibly, because bacteria which were undetected at admission can proliferate and become 
predominant due to antibiotic selection pressure (21).

If patients are identified as being either colonized or infected with HRMO in the 
hospital, measures to prevent transmission of these HRMO to other patients should be 
installed. Colonized means presence of a HRMO on a body surface (e.g. skin, mouth, 
intestines or airway) without causing disease. Infection means multiplication of bacteria 
in the human body, causing disease (22). Regarding HRMO, it is not only important 
to prevent infections, but also colonizations and its spread; because colonization can 
lead to an invasive infection. Specific measures can differ per HRMO involved, but 
most often it involves a single-occupancy room and wearing gloves and gowns when 
entering the room. In a large Dutch study, the rate of transmission of ESBL-producing 
Enterobacteriaceae to other patients despite the use of contact-isolation measures was 
5.4%, of which 61% was attributable to ESBL-producing E. coli (23). In this multicenter 
cluster-randomized study, acquisition to roommates and/or to patients admitted to the 
same department was assessed by taking perianal swabs at admission and at discharge 
from all patients hospitalized for more than 2 days (20). Given the above facts, there is an 
ongoing discussion about the indications for isolation and in case of isolation, to what 
extent preventive measures are absolutely necessary (24). Of course, not only costs, but 
also the setting (e.g. case mix), patient outcome and difficulty of treatment needs to be 
taken into consideration.

Questions to be addressed in this thesis; chapter 3: What are the risk factors for 
acquisition of HRMO? How are HRMO transmitted?

outbreaks

The CDC definition of an outbreak is: “the occurrence of more cases of disease than 
expected in a given area or among a specific group of people over a particular period 
of time” (www.cdc.gov). Outbreaks can be caused by all microorganisms possible, but 
outbreaks by HRMO are especially of great concern, since they pose the greatest threat 
to human health (18, 25). Outbreaks can be small and contained quickly, however, trans-
mission can also be ongoing with ultimately involvement of hundreds of patients (26, 
27). A hospital outbreak is most often uncovered by (i) analyzing surveillance data by the 
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infection control department, or (ii) by an alert by a concerned clinician to the infection 
control department. Often, after the alert an epidemiological timeline will be created to 
visualize patient movements throughout the hospital, and to unravel epidemiological 
relationships between patients identified with the same microorganism (Figure 1).

When an outbreak is detected, exposed patients need to be screened and the source 
needs to be eliminated in order to halt the outbreak. Also, for a full understanding and 
investigation of the outbreak, data needs to be collected about all patients involved. 
Patient information that needs to be collected includes: (i) full admission history (includ-
ing departments and room numbers) of colonized and infected patients, (ii) information 
about contact-isolation measures installed and at which date(s), (iii) dates of all infection 
prevention measures installed at the department(s) of interest, (iv) all laboratory results 
of the microorganism(s) of interest, including susceptibility pattern, minimal inhibitory 
concentrations (MICs) of the antibiotics tested, resistance genes, and phenotypic and/
or genotypic typing results, and (v) all patient information about known risk factors. 
Known risk factors are for example antibiotic use, ICU admission, mechanical ventilation 
and length of hospital stay.

Questions to be addressed in this thesis, chapter 2 and 3: Which risk factors, envi-
ronmental sources and effective infection prevention strategies have been identified in 
other outbreaks? What is the best way to describe and study outbreaks?

molecular typing

Because of the increase in HRMO and the subsequent hospital outbreaks sophisticated 
laboratory typing techniques are needed (28). Molecular typing techniques help to 
identify different bacterial strains and clones and are therefore important in infection 
prevention and control. Currently, a wide range of genotypic and phenotypic typing 
techniques are available, each with advantages and disadvantages (29-31). Important 
aspects of typing techniques to consider are: (i) stability, (ii) typeability, (iii) discrimina-
tory power, (iv) epidemiological concordance, (v) reproducibility, (vi) appropriate and 

Month
Day 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Patient 1  +R  +B discharged home
Department A-room2 Department B-room4 Department C-room1

Patient 2  +R discharge to other hospital
Department B-room6

Patient 3  +R †
Department C-room1 Department A-room1

Patient 4  +R  +B †
Department B-room1 Department A-room2

Patient 5  +R discharged home
Department B-room6

January February

figure 1. Epidemiological timeline of 5 individual patients. The different colors are different departments. 
+R; rectal swab positive for the specific microorganism, +B, blood culture positive for the specific microor-
ganism.

6 Erasmus Medical Center Rotterdam



well-defined test population, (vii) flexibility, (viii) rapidity, (ix) accessibility, (x) ease of 
use, (xi) costs, (xii) amenability to computerized analysis, and (xiii) incorporation of typ-
ing results in an electronic databases (32). An overview of the most commonly used 
genotypic typing techniques in hospital settings is presented in Table 1.

The choice of genotyping method depends on the microorganism involved, the 
availability of the method, and knowledge and local or national expertise about the 
method. It is also important to consider whether you want to compare isolates only 
within your hospital setting, or also between hospitals and even between different 
countries, and if you want to compare strains identified over a short or long period of 
time (Table 1). Pulsed-field gel electrophoresis (PFGE) is still considered as the golden 
standard for many important healthcare-related pathogens (29, 33). However, PFGE is 
technically demanding, time consuming and labor intensive (29). It is difficult to ap-
ply this technique in routine diagnostics as a tool for detection of an outbreak and is 
therefore not widely used. Whole-genome sequencing (WGS) is a technology providing 
full genetic information on the entire bacterial genome (34). However, this technique is 
still costly and time consuming. As alternative, conventional Multilocus sequence typing 
(7 or 8 genes), is extended to whole genome MLST (wgMLST) (35). In this way, 1500-4000 
genes can be considered. In some microbiological laboratories in the world, including 
the Netherlands, wgMLST is already implemented as a routine technique to monitor 
HRMO and to detect outbreaks in an early phase (36).

Questions to be addressed in this thesis; chapter 4: Is routine, rapid typing needed 
in a non-outbreak situation? Can recent transmission events be detected by a combina-
tion of phenotypic and genotypic typing techniques?

table 1. An overview of most commonly used genotypic typing techniques in hospital laboratories and its 
application in local outbreak investigations and surveillance.

technique abbreviation co
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Amplified Fragment Length Polymorphism AFLP + ++ -

Multilocus Sequence Typing MLST + + ++

Multilocus Variable-Number Tandem Repeat Analysis MLVA + + ++

Polymerase Chain Reaction – Ribotyping PCR Ribotyping + + +

Single Locus Sequence Typing SLST - + +

Whole Genome Sequencing WGS ++ ++ ++

1-,low; +, medium; ++, high.
2 -, not applicable; +, applicable; ++, highly applicable.
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outline of tHis tHesis

The literature reviews and observational studies in this thesis are about the role of epi-
demiology in describing, identifying and controlling transmission of healthcare-related 
pathogens. The ultimate goal of conducting these studies is to optimize care and to 
provide safer care for patients admitted to the Erasmus MC. In chapter 2 three literature 
reviews are described about (i) ESBL-producing Klebsiella species, (ii) carbapenem-
producing Enterobacteriaceae and (iii) VIM-positive P. aeruginosa. The most important 
risk factors, effective infection prevention strategies and sources have been identified. 
In chapter 3 the theoretical knowledge from the systematic reviews has been applied in 
different outbreak scenarios in the Erasmus MC. (i) A case-control study on a long-lasting 
outbreak of VIM-positive P. aeruginosa. (ii) A nationwide study about contamination of 
duodenoscopes; following an outbreak report on a duodenoscope as source of VIM-
positive P. aeruginosa published by Verfaillie et al. (37). (iii) An outbreak investigation of 
a Clostridium difficile outbreak at a gastro-intestinal surgical ward. Finally, in chapter 4 
the role of epidemiology when using genotypic and phenotypic typing techniques is 
described, (i) for ESBL-producing Klebsiella species, and (ii) for ESBL-producing E. coli.

references

 1. Horan TC, Andrus M, Dudeck MA. 2008. CDC/NHSN surveillance definition of health care-associated infection and 

criteria for specific types of infections in the acute care setting. Am J Infect Control 36:309-332.

 2. World Health Organization. 2011. Report on the burden of endemic health care-associated infection worldwide.

 3. Cardoso T, Almeida M, Friedman ND, Aragao I, Costa-Pereira A, Sarmento AE, Azevedo L. 2014. Classification of 

healthcare-associated infection: a systematic review 10 years after the first proposal. BMC Med 12:40.

 4. Magill SS, Edwards JR, Bamberg W, Beldavs ZG, Dumyati G, Kainer MA, Lynfield R, Maloney M, McAllister-Hollod 

L, Nadle J, Ray SM, Thompson DL, Wilson LE, Fridkin SK, Emerging Infections Program Healthcare-Associated 

Infections and Antimicrobial Use Prevalence Survey Team. 2014. Multistate point-prevalence survey of health 

care-associated infections. N Engl J Med 370:1198-1208.

 5. Centers for Disease Control and Prevention. 2016. National and state healthcare associated infections, progress 

report.

 6. Rijksinstituut voor Volksgezondheid en Milieu. 2017. Jaarverslag 2017 - Activiteiten PREZIES.

 7. Rijksinstituut voor Volksgezondheid en Milieu. 2017. Jaarcijfers 2017: Prevalentieonderzoek ziekenhuizen.

 8. European Centre for Disease Control and Prevention. 2013. Most frequently isolated microorganisms in HAIs, 

on European Centre for Disease Control and Prevention. https://ecdc.europa.eu/en/healthcare-associated-in-

fections-acute-care-hospitals/database/microorganisms-and-antimicrobial-resistance/most-frequent. Accessed 

22-12-2017.

 9. Bode LG, Kluytmans JA, Wertheim HF, Bogaers D, Vandenbroucke-Grauls CM, Roosendaal R, Troelstra A, Box AT, 

Voss A, van der Tweel I, van Belkum A, Verbrugh HA, Vos MC. 2010. Preventing surgical-site infections in nasal 

carriers of Staphylococcus aureus. N Engl J Med 362:9-17.

 10. de Smet AM, Kluytmans JA, Cooper BS, Mascini EM, Benus RF, van der Werf TS, van der Hoeven JG, Pickkers P, 

Bogaers-Hofman D, van der Meer NJ, Bernards AT, Kuijper EJ, Joore JC, Leverstein-van Hall MA, Bindels AJ, Jansz 

AR, Wesselink RM, de Jongh BM, Dennesen PJ, van Asselt GJ, te Velde LF, Frenay IH, Kaasjager K, Bosch FH, van 

8 Erasmus Medical Center Rotterdam



Iterson M, Thijsen SF, Kluge GH, Pauw W, de Vries JW, Kaan JA, Arends JP, Aarts LP, Sturm PD, Harinck HI, Voss 

A, Uijtendaal EV, Blok HE, Thieme Groen ES, Pouw ME, Kalkman CJ, Bonten MJ. 2009. Decontamination of the 

digestive tract and oropharynx in ICU patients. N Engl J Med 360:20-31.

 11. Liu Z, Dumville JC, Norman G, Westby MJ, Blazeby J, McFarlane E, Welton NJ, O’Connor L, Cawthorne J, George 

RP, Crosbie EJ, Rithalia AD, Cheng HY. 2018. Intraoperative interventions for preventing surgical site infection: an 

overview of Cochrane Reviews. Cochrane Database Syst Rev 2:CD012653.

 12. Parker L. 2004. Infection control: maintaining the personal hygiene of patients and staff. Br J Nurs 13:474-478.

 13. Kramer A, Schwebke I, Kampf G. 2006. How long do nosocomial pathogens persist on inanimate surfaces? A 

systematic review. BMC Infect Dis 6:130.

 14. Hendrik TC, Voor In ‘t Holt AF, Vos MC. 2015. Clinical and Molecular Epidemiology of Extended-Spectrum Beta-

Lactamase-Producing Klebsiella spp.: A Systematic Review and Meta-Analyses. PLoS One 10:e0140754.

 15. Voor In ‘t Holt AF, Severin JA, Lesaffre EM, Vos MC. 2014. A systematic review and meta-analyses show that car-

bapenem use and medical devices are the leading risk factors for carbapenem-resistant Pseudomonas aeruginosa. 

Antimicrob Agents Chemother 58:2626-2637.

 16. van Loon K, Voor In ‘t Holt AF, Vos MC. 2018. A Systematic Review and Meta-analyses of the Clinical Epidemiology 

of Carbapenem-Resistant Enterobacteriaceae. Antimicrob Agents Chemother 62.

 17. World Health Organization. 2017. Global priority list of antibiotic-resistant bacteria to guide research, discovery, 

and development of new antibiotics.

 18. Cassini A, Plachouras D, Eckmanns T, Abu Sin M, Blank HP, Ducomble T, Haller S, Harder T, Klingeberg A, Sixtens-

son M, Velasco E, Weiss B, Kramarz P, Monnet DL, Kretzschmar ME, Suetens C. 2016. Burden of Six Healthcare-

Associated Infections on European Population Health: Estimating Incidence-Based Disability-Adjusted Life Years 

through a Population Prevalence-Based Modelling Study. PLoS Med 13:e1002150.

 19. European Centre for Disease Control and Prevention. 2015. Antimicrobial resistance of microorganisms reported 

in healthcare-associated infections, European Centre for Disease Control and Prevention. https://ecdc.europa.

eu/en/publications-data/antimicrobial-resistance-microorganisms-reported-healthcare-associated-infections. 

Accessed 22-12-2017.

 20. Kluytmans-van den Bergh MFQ, van Mens SP, Haverkate MR, Bootsma MCJ, Kluytmans J, Bonten MJM, So MSG, 

the RGSG. 2018. Quantifying Hospital-Acquired Carriage of Extended-Spectrum Beta-Lactamase-Producing 

Enterobacteriaceae Among Patients in Dutch Hospitals. Infect Control Hosp Epidemiol 39:32-39.

 21. Mulvey MR, Simor AE. 2009. Antimicrobial resistance in hospitals: how concerned should we be? Cmaj 180:408-

415.

 22. Porta M. 2014. A dictionary of epidemiology, Sixth Edition ed. Oxford University Press.

 23. Kluytmans - van den Bergh M, Rossen JWA, Friedrich AW, vandenbroucke-Grauls CM, Bonten MJ, Kluytmans JA, 

Som Study Group. 2016. The prevention paradox of extended-spectrum beta-lactamase-producing Enterobacte-

riaceae (ESBL-E): species-specific risk and burden of transmission, abstr European Congress of Clinical Microbiol-

ogy and Infectious Diseases, Amsterdam, O379, abstract 3418,

 24. Harris AD, McGregor JC, Furuno JP. 2006. What infection control interventions should be undertaken to control 

multidrug-resistant gram-negative bacteria? Clin Infect Dis 43 Suppl 2:S57-61.

 25. Sandora TJ, Goldmann DA. 2012. Preventing lethal hospital outbreaks of antibiotic-resistant bacteria. N Engl J Med 

367:2168-2170.

 26. Frakking FNJ, Bril WS, Sinnige JC, Klooster JEV, de Jong BAW, van Hannen EJ, Tersmette M. 2018. Recommen-

dations for the successful control of a large outbreak of vancomycin-resistant Enterococcus faecium (VRE) in a 

non-endemic hospital setting. J Hosp Infect.

 27. Coltart CE, Lindsey B, Ghinai I, Johnson AM, Heymann DL. 2017. The Ebola outbreak, 2013-2016: old lessons for 

new epidemics. Philos Trans R Soc Lond B Biol Sci 372.

 28. Peterson LR, Petzel RA, Clabots CR, Fasching CE, Gerding DN. 1993. Medical technologists using molecular epide-

miology as part of the infection control team. Diagn Microbiol Infect Dis 16:303-311.

 29. Sabat AJ, Budimir A, Nashev D, Sa-Leao R, van Dijl J, Laurent F, Grundmann H, Friedrich AW, Markers ESGoE. 2013. 

Overview of molecular typing methods for outbreak detection and epidemiological surveillance. Euro Surveill 

18:20380.

General introduction 9



 30. Boccia S, Pasquarella C, Colotto M, Barchitta M, Quattrocchi A, Agodi A, Public Health G, Gisio Working Groups 

of the Italian Society of Hygiene PM, Public H. 2015. Molecular epidemiology tools in the management of 

healthcare-associated infections: towards the definition of recommendations. Epidemiol Prev 39:21-26.

 31. Patel SJ, Graham PL, 3rd. 2007. Use of molecular typing in infection control. Pediatr Infect Dis J 26:527-529.

 32. van Belkum A, Tassios PT, Dijkshoorn L, Haeggman S, Cookson B, Fry NK, Fussing V, Green J, Feil E, Gerner-Smidt P, 

Brisse S, Struelens M, European Society of Clinical Microbiology and Infectious Diseases (ESCMID) Study Group on 

Epidemiological Markers (ESGEM). 2007. Guidelines for the validation and application of typing methods for use 

in bacterial epidemiology. Clin Microbiol Infect 13 Suppl 3:1-46.

 33. Goering RV. 2010. Pulsed field gel electrophoresis: a review of application and interpretation in the molecular 

epidemiology of infectious disease. Infect Genet Evol 10:866-875.

 34. Quainoo S, Coolen JPM, van Hijum S, Huynen MA, Melchers WJG, van Schaik W, Wertheim HFL. 2017. Whole-

Genome Sequencing of Bacterial Pathogens: the Future of Nosocomial Outbreak Analysis. Clin Microbiol Rev 

30:1015-1063.

 35. Maiden MC, Jansen van Rensburg MJ, Bray JE, Earle SG, Ford SA, Jolley KA, McCarthy ND. 2013. MLST revisited: the 

gene-by-gene approach to bacterial genomics. Nat Rev Microbiol 11:728-736.

 36. Zhou K, Lokate M, Deurenberg RH, Tepper M, Arends JP, Raangs EG, Lo-Ten-Foe J, Grundmann H, Rossen JW, 

Friedrich AW. 2016. Use of whole-genome sequencing to trace, control and characterize the regional expansion 

of extended-spectrum beta-lactamase producing ST15 Klebsiella pneumoniae. Sci Rep 6:20840.

 37. Verfaillie CJ, Bruno MJ, Voor in ‘t Holt AF, Buijs JG, Poley JW, Loeve AJ, Severin JA, Abel LF, Smit BJ, de Goeij I, 

Vos MC. 2015. Withdrawal of a novel-design duodenoscope ends outbreak of a VIM-2-producing Pseudomonas 

aeruginosa. Endoscopy 47:493-502.

10 Erasmus Medical Center Rotterdam


