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De huidige situatie in ziekenhuizen 
The big five 



Recent bezoek US 
30% van BSI 

met GNS 

Verbeterde. 
Nu nog 40 

BSI per jaar 

Endemisch: 
75 BSI per 

jaar 

Epidemie kwam 
langzaam onder controle 
tot voor kort een dode per 

week 

New kid on the block: 
verspreiding van KPC en 

NDM1 met incidenteel BSI 



Antibiotica beleid 

•  Empirisch beleid bij (verdenking) sepsis: 
– Carbapenem/vancomycine/voriconazol soms 

in combinatie met amikacine 
– Op IC wordt colistine in sommige gevallen 

toegevoegd 



Infectiepreventie 

•  Heel veel handalcohol (foam in, foam out) 
•  Schoonmaak zeer slecht 
•  Scheiding schoon<>vuil vrijwel afwezig 
•  Handsieraden bij vrijwel iedereen 
•  Uniformen waren alles behalve uniform 
•  Etc, etc, etc 



Situatie NL 





Tuesday, October 16, 2007 
CDC estimates 94,000 invasive drug-resistant staph infections 

occurred in the U.S. in 2005 
 

Methicillin–resistant staph aureus (MRSA) caused  
nearly 19,000 deaths  

in the United States in 2005  
(compared with around 16,000 from AIDS) 

 
most of them associated with health care settings 

Nederland 2005: <5 doden 
 



2009: laboratory based surveillance 





Duitsland-Nederland: 34 - 1 

•  2009 MRSA sepsis 
•  Noord-Rhein-Westfalen: >1100 
•  Nederland: <40  

•  Sterfte: 10 – 20% 
– 110-220 extra doden per jaar 



Amphia Hospital 

Costs 

  € 5.54 / admission 

Revenues: 

>10 lives / year 

€10.11 / admission 



LA-MRSA in the community 

•  17 hospitals 2 year prospective follow-up 
•  1023 new cases of MRSA 

14,3 

59,2 

26,5 

classical risk factors 
contact with livestock 
unknown source 

22%	  LA-‐MRSA	  
(ST-‐398)	  
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Lifestyle-Associated Risk Factors for Community-
Acquired Methicillin-Resistant Staphylococcus aureus
Carriage in the Netherlands: An Exploratory Hospital-
Based Case-Control Study
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Abstract

Background: Community-acquired MRSA (CA-MRSA) is rapidly increasing. Currently, it is unknown which reservoirs are
involved. An exploratory hospital-based case-control study was performed in sixteen Dutch hospitals to identify risk factors
for CA-MRSA carriage in patients not belonging to established risk groups.

Methods: Cases were in- or outpatients from sixteen Dutch hospitals, colonised or infected with MRSA without healthcare-
or livestock-associated risk factors for MRSA carriage. Control subjects were patients not carrying MRSA, and hospitalised on
the same ward or visited the same outpatients’ clinic as the case. The presence of potential risk factors for CA-MRSA carriage
was determined using a standardised questionnaire.

Results: Regular consumption of poultry (OR 2?40; 95% CI 1?08–5?33), cattle density per municipality (OR 1?30; 95% CI 1?00–
1?70), and sharing of scuba diving equipment (OR 2?93 95% CI 1?19–7?21) were found to be independently associated with
CA-MRSA carriage. CA-MRSA carriage was not related to being of foreign origin.

Conclusions: The observed association between the consumption of poultry and CA-MRSA carriage suggests that MRSA in
the food chain may be a source for MRSA carriage in humans. Although sharing of scuba diving equipment was found to be
associated with CA-MRSA carriage, the role played by skin abrasions in divers, the lack of decontamination of diving
materials, or the favourable high salt content of sea water is currently unclear. The risk for MRSA MC398 carriage in areas
with a high cattle density may be due to environmental contamination with MRSA MC398 or human-to-human
transmission. Further studies are warranted to confirm our findings and to determine the absolute risks of MRSA acquisition
associated with the factors identified.
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Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) has emerged
globally, both in healthcare- and community settings [1].
Traditionally, MRSA was considered to be a healthcare-acquired
pathogen (HA-MRSA). However, approximately ten years ago, a
second entity emerged, the so-called livestock-associated MRSA
(LA-MRSA) [2]. Human carriage of LA-MRSA is strongly related
to direct contact with pigs, veal calves, and live broilers, and the

implicated strains invariably belong to multilocus sequence type
clonal complex 398 [2,3]. In addition, a recent case-control study
has demonstrated that living in livestock dense areas is indepen-
dently associated with an increased risk of LA-MRSA carriage [4].
Concurrent with the emergence of LA-MRSA, MRSA rates
rapidly increased in individuals without known healthcare- or
livestock-associated risk factors. This third entity has been referred
to as community-acquired MRSA (CA-MRSA) [5,6].
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Table 1. Baseline characteristics.

Characteristic Cases (n = 96) Controls (n = 96) p-value

Age

Median – years 51.0 48.5 0.95

Gender

Male – no. (%) 52 (54.2%) 52 (54.2%) 1.00

Highest completed grade

No grade completed (age ,11 years) 8 (8.3%) 3 (3.1%) 0.12

Elementary school 12 (12.5%) 16 (16.7%) 0.41

High school 5 (5.2%) 1 (1.0%) 0.11

Bachelor/Master degree 25 (26.1%) 23 (24.0%) 0.74

Breadwinner 53 (55.2%) 58 (60.4%) 0.47

Patient type

Inpatient 38 (39.6%) 36 (37.5%) 0.77

Outpatient 58 (60.4%) 60 (62.5%) 0.77

Underlying disorders

COPD 16 (16.7%) 16 (16.7%) 1.00

Dialysis dependent 5 (5.2%) 5 (5.2%) 1.00

Eczema 16 (16.7%) 10 (10.4%) 0.21

Insulin dependent diabetes mellitus 5 (5.2%) 2 (2.1%) 0.25

Malignancy 10 (10.4%) 7 (7.3%) 0.45

doi:10.1371/journal.pone.0065594.t001

Table 2. Potential risk factors for carriage of CA-MRSA.

Risk factor Cases Controls Univariate Multivariate

n = 96 n = 96 OR 95% CI OR 95% CI

Born in foreign country 9 8 1.14 0.42–3.09

Parent(s) born in foreign country 21 24 0.84 0.43–1.64

Any foreign travel last year 50 59 0.68 0.38 1.21

Day care centre attendance last year 3 0 ‘ 0.45 – ‘

Professional contact with children last year 10 13 0.74 0.30–1.79

Any sports last year 41 56 0.53* 0.30–0.94 0.60 0.32–1.12

Contact sports last year 5 12 0.39 0.13–1.14

Diving last year 3 2 1.52 0.25–9.28

Diving ever 20 14 1.54 0.73–3.27

Sharing of diving equipment ever 20 10 2.26* 1.00–5.14 2.93** 1.19–7.21

Sauna visit last year 8 17 0.42* 0.17–1.03 0.40 0.15–1.07

Consumption of beef, $16per week last year 72 79 0.65 0.32–1.30

Consumption of pork, $16per week last year 65 55 1.56 0.87–2.82

Consumption of poultry, $16per week last year 84 72 2.33* 1.09–5.00 2.40** 1.08–5.33

Consumption of fish, $16per week last year 59 61 0.92 0.51–1.64

Preparation of dinner, $16per week last year 59 62 0.88 0.49–1.57

Population density (number per hectare, natural logarithm) 1.98 2.13 0.83 0.63–1.08

Chicken density (number per hectare, natural logarithm) 1.69 1.73 0.99 0.94–1.04

Pig density (number per hectare, natural logarithm) 0.99 0.66 1.04 0.96–1.12

Cattle density (number per hectare, natural logarithm) 20.41 20.61 1.25* 0.98–1.59 1.30** 1.00–1.70

*p#0?10.
**p#0?05.
doi:10.1371/journal.pone.0065594.t002

Risk Factors for Community-Acquired MRSA Carriage
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MRSA 

•  Verspreiding in community neemt toe 
•  Toename deels door veehouderij 
•  Verspreiding in zorginstelling is beperkt 
•  S&D beleid is (kosten) effectief 
•  Antibiotica gebruik speelt beperkte rol 
•  Wel zeer gunstige effecten voor antibiotica 

beleid 





Epidemieën 

•  Laatste jaren diverse ziekenhuizen met 
epidemieën 

•  Controle nog mogelijk maar vraagt forse 
inspanningen (kosten) 

•  Relatie met basale hygiëne en schoonmaak 
•  Lage virulentie 
•  Mogelijk ingrijpende consequenties voor 

antibiotica beleid 





Verspreiding in Zorginstellingen 

infection control and hospital epidemiology april 2011, vol. 32, no. 4

o r i g i n a l a r t i c l e

Highly Resistant Gram-Negative Microorganisms: Incidence Density
and Occurrence of Nosocomial Transmission (TRIANGLe Study)

I. Willemsen, PhD;1 S. Elberts, BS;1 C. Verhulst, BS;1 M. Rijnsburger, BS;2 M. Filius, PhD;3 P. Savelkoul, MD, PhD;2
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objectives. The objectives of this study were to determine the incidence density and the occurrence of horizontal spread of highly
resistant gram-negative rods (HR-GNRs) in Dutch hospitals. The factors that influence these outcome measures were also investigated.

methods. All patients with HR-GNRs, as determined by sample testing, who were hospitalized in 1 of 18 hospitals during a 6-month
period (April through October 2007) were included in this study. For all available isolates, the species was identified, susceptibility was
determined (including the presence of extended-spectrum b-lactamases [ESBLs]), and molecular typing was performed. On the basis of a
combination of species identification, molecular typing, and epidemiological data, the occurrence of nosocomial transmission was
determined.

results. The mean incidence density of patients with HR-GNRs was 55 per 100,000 patient-days (cumulative incidence, 39 per 10,000
patients admitted). A facility being a university hospital was a statistically significant ( ) independent determinant of a higherP p .03
incidence of patients with HR-GNRs. The majority of HR-GNR isolates were ESBL producers. The adjusted transmission index—the ratio
between secondary and primary cases—in the participating hospitals ranged from 0.0 to 0.2. The overall adjusted transmission index of
HR-GNRs was 0.07. No determinants for a higher transmission index were identified.

discussion. The nosocomial transmission rate of HR-GNRs was relatively low in all hospitals where well-established transmission-based
precautions were used. The incidence density of patients with HR-GNRs was higher in university hospitals, probably due to the patient
population and the complexity of the care provided.
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The increase in the presence of highly resistant gram-negative
rods (HR-GNRs) in hospitals is a worldwide problem.1 This
increase may be the result of patients carrying resistant path-
ogens at hospital admission, horizontal transfer between pa-
tients, selection of resistance caused by antimicrobial use,
transfer of resistance genes between microorganisms, or a
combination of these mechanisms.2-4 In 2005, a set of defi-

nitions for highly resistant microorganisms, including HR-
GNRs, was published.5 This set of definitions is used in the
Dutch National Guideline and can be used as a tool for as-
sessing the scale of the resistance problem at a local or a
national level.6 Although some studies have assessed the in-
cidence of patients with HR-GNRs in hospitals, few have
analyzed the relative contribution of horizontal transmis-



TKZ / Algemeen 

academisch 

5 Academische Ziekenhuizen 
8 Top Klinische Ziekenhuizen 
5 Algemene Ziekenhuizen 
 



13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39
I A A A

A A A A A A A
A A;B K K K K

C;A A A A A A A A A A A A A A A A;B B B B;I I I
D D

E E E A A;E E E E E E E E E
F B;G G B;H H H H H H

A A A A A A A;B;J J J
A A A A A A;B C;G G;C C C C;K K K K

C;A A A A A A A A A A A A A A A A;B B B B;I I I
G;C B;F F;G F F F F B I;B;I

Transmissie 
weeknummers 

ß
 P

at
ie

nt
en

 à
 

 
22 Clusters met nosocomiale transmissie 

 waarvan 11 op de ICU 
Cluster grootte 2 tot 8 patiënten (modus 2) 
 



Transmissie 

Typering in combinatie met epidemiologische link   
    

Transmissie Index =  secundaire patienten  
       primaire patienten 

 
Mean Adjusted Transmissie Index    0,07 (0,0 – 0,2) 
 



Horizontal spread in the 
hospital is unacceptable 



Inspectie:	  Maasstad	  Ziekenhuis	  
faalde	  bij	  uitbraak	  bacterie	  





CRE 

•  Met name probleem in zorginstellingen 
•  Vroege detectie en controlemaatregelen 
•  Potentieel ernstige implicaties voor 

antibioticabeleid 
•  Rol van verpleeghuizen als reservoir 

verdient extra aandacht 
•  Zorgen om rol voedselketen/

oppervlaktewater 





Relatief beperkt probleem 

•  Meestal sporadische gevallen 
•  Weinig verspreiding van virulente 

stammen 
•  Terughoudend antibiotica beleid speelt 

waarschijnlijk een belangrijke rol 



De huidige situatie 
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Measuring the quality of infection control in Dutch
nursing homes using a standardized method; the
Infection prevention RIsk Scan (IRIS)
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Marjolein Kluytmans-Vandenbergh4 and Jan Kluytmans1,2,5

Abstract

Background: We developed a standardised method to assess the quality of infection control in Dutch Nursing
Home (NH), based on a cross-sectional survey that visualises the results. The method was called the Infection control
RIsk Infection Scan (IRIS). We tested the applicability of this new tool in a multicentre surveillance executed June and
July 2012.

Methods: The IRIS includes two patient outcome-variables, i.e. the prevalence of healthcare associated infections
(HAI) and rectal carriage of Extended-Spectrum Beta-Lactamase (ESBL) producing Enterobacteriaceae (ESBL-E); two
patient-related risk factors, i.e. use of medical devices, and antimicrobial therapy; and three ward-related risk factors, i.e.
environmental contamination, availability of local guidelines, and shortcomings in infection prevention preconditions.
Results were categorised as low-, intermediate- and high risk, presented in an easy-to-read graphic risk spider-plot. This
plot was given as feedback to management and healthcare workers of the NH.

Results: Large differences were found among most the variables in the different NH. Common shortcomings were the
availability of infection control guidelines and the level of environmental cleaning. Most striking differences were
observed in the prevalence of ESBL carriage, ranged from zero to 20.6% (p < 0.001).

Conclusions: The IRIS provided a rapid and easy to understand assessment of the infection control situation of the
participating NH. The results can be used to improve the quality of infection control based on the specific needs of a
NH but needs further validation in future studies. Repeated measurement can determine the effectiveness of the
interventions. This makes the IRIS a useful tool for quality systems.

Keywords: Nursing homes, Healthcare associated infections, Antimicrobial resistance, Infection control, Quality
improvement, Surveillance

Background
Healthcare associated infections (HAI) constitute a
major public health problem [1,2]. Due to the ageing of
the population and its associated growing number of
people who reside in Nursing Homes (NH), an increase
in the burden of HAI is expected [3]. Furthermore, the
increase in antimicrobial resistance is a major threat to
the safety of elderly people and leads to increased use of
broad-spectrum antibiotics [4,5].

To determine the prevalence of- and risk factors for
HAI and resistant microorganisms, prevalence surveys
are common tools in hospitals and in NH. These surveys
typically only include patient-related variables, such as,
gender, age, use of medical devices or antimicrobial use
[6-8]. However, the concept of infection control is multi-
faceted and little is known of the importance of ward- or
institution specific risk factors for HAI, such as environ-
mental contamination, the availability of local infection
prevention guidelines and constraints in infection pre-
vention [9]. These, sometimes overlooked, factors tend
to increase the risk of infections among patients during
their stay in a NH. Since 2006, a more holistic approach

* Correspondence: iwillemsen@amphia.nl
1Laboratory for Microbiology and Infection Control, PO Box 90158, 4800 RK,
Amphia Hospital, Breda, The Netherlands
Full list of author information is available at the end of the article

© 2014 Willemsen et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the
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distribution, and reproduction in any medium, provided the original work is properly credited. The Creative Commons Public
Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this
article, unless otherwise stated.
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people who reside in Nursing Homes (NH), an increase
in the burden of HAI is expected [3]. Furthermore, the
increase in antimicrobial resistance is a major threat to
the safety of elderly people and leads to increased use of
broad-spectrum antibiotics [4,5].

To determine the prevalence of- and risk factors for
HAI and resistant microorganisms, prevalence surveys
are common tools in hospitals and in NH. These surveys
typically only include patient-related variables, such as,
gender, age, use of medical devices or antimicrobial use
[6-8]. However, the concept of infection control is multi-
faceted and little is known of the importance of ward- or
institution specific risk factors for HAI, such as environ-
mental contamination, the availability of local infection
prevention guidelines and constraints in infection pre-
vention [9]. These, sometimes overlooked, factors tend
to increase the risk of infections among patients during
their stay in a NH. Since 2006, a more holistic approach
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analyses, preparation of feedback data and visualisation
took another 2 hours. The total time investment for per-
forming an IRIS in these 9 NH (774 residents) was 20 days.
All surveillance data and plots were presented to-, and

discussed with management of the governing organisation.
Subsequently every IRIS plot was presented to manage-
ment and healthcare workers of the involved institute.
The message was well received by management and an ex-
tensive improvement program was initiated; infection
preconditions were resolved, missing guidelines were de-
veloped and implemented and an education program has
started. The NH with the high prevalence of ESBL-E car-
riage informed the inspectorate for healthcare about the
findings and initiated and outbreak management team to
contain the spread of the outbreak strain.

Discussion
The IRIS showed a large variation in outcome variables
and risk factors among the 9 participating NH. The
management of the NH used the information to initiate

targeted improvements of the infection control situation.
The common shortcomings were the availability of infec-
tion control guidelines and the level of environmental
cleaning. The most striking differences were found in the
prevalence of ESBL. The extremely high ESBL carriage
rates in some NHs deserve further investigations. In NH
9, extensive clonal spread of E. coli ST131, a well-known
epidemic clone associated with health care facilities, was
found [25]. These results will be published separately. Be-
fore the IRIS was performed none of the NH was aware of
a problem with ESBL. In general, NH do not perform
microbiological investigations frequently and most anti-
biotic prescriptions are given empirically without know-
ledge of the pathogens involved and their antibiotic
susceptibility. It is likely that extensive antibiotic expos-
ure, close contact with other antimicrobial-exposed indi-
viduals, age and health-associated alterations in intestinal
microbiota all contribute to the high prevalence of multi-
drug resistant bacteria among the elderly population [22].
We deliberately included an active surveillance for

Figure 2 Prevalence of healthcare associated infections in the 9 participating NH (vertical bars represent the 95% confidence interval).

Figure 3 Prevalence of rectal carriage of ESBL in the 9 participating NH (vertical bars represent the 95% confidence interval).
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ESBL E. coli ST131 

•  Mondiaal endemisch in zorginstellingen 
•  Ook in Nederland aanwezig 
•  Ondanks intensieve beheersmaatregelen is de 

stam persisterend aanwezig 
–  Lange verblijfsduur 
–  Langdurige kolonisatie 
–  Weinig diagnostiek 
–  Nauwelijks typeringen 

•  Wordt nu ook in andere verpleeghuizen in de 
regio gezien 





Doelstelling:  
Nederland CRE-vrij in 2025 

•  Sluit de keten 
– Ziekenhuizen, verpleeghuizen, thuiszorg, 

huisartsen, open bevolking en veehouderij 
•  Samenwerken in regionale netwerken 

– Centrale coördinatie 
– Regionale uitvoering 
– Periodieke actieve screening  

•  Financiering van screeningskweken, 
regional beleid en uitbraak management 



Nederland Groen in 2025 

•  Duidelijk en ambitieus doel 
•  Breed draagvlak 

– Politiek, 
– Beleidsmakers 
– Professionals 
– Publiek 
 


