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Abstract

Purpose To determine the incidence of patients co-colon-

ised or co-infected with methicillin-resistant Staphylococcus

aureus (MRSA), vancomycin-resistant Enterococcus fae-

cium or extended-spectrum b-lactamase (ESBL)-producing

Enterobacteriaceae in four German tertiary care hospitals.

Methods This study was conducted at four tertiary care

hospitals (all with [1,000 beds) in different geographic

regions in Germany (Berlin in the east, Luebeck in the north,

Freiburg in the southwest and Nuernberg in the southeast).

Routine surveillance data on MRSA, vancomycin-resistant

enterococci (VRE) and ESBL-producing bacteria were

analysed from 2007 to 2009. Co-colonisation or co-infection

was defined as a patient having positive cultures for at least

two of the following resistant pathogens: MRSA, VRE fae-

cium or different species of ESBL-producing Enterobacte-

riaceae within one calendar year.

Results A total of 896,822 patients were analysed, of

which 10,066 patients harboured MRSA, VRE faecium

and/or ESBL-producing Enterobacteriaceae, and 542

patients co-harboured at least two of those resistant

pathogens. In 2009, 7.6% of the MRSA patients, 13.7% of

the VRE faecium patients and even 16.1% of the ESBL-

producing Enterobacteriaceae patients were co-colonised

or co-infected. The incidence of patients with co-infection

or co-colonisation increased steadily from 5 (2007) to 7 per

10,000 patients (2009).

Conclusions Patients harbouring ESBL-producing

Enterobacteriaceae or VRE faecium had a higher risk of

being co-colonised or co-infected compared to what was to

be extrapolated from their overall incidence. This might be

linked to their gastrointestinal reservoir and impracticality

to decolonise the gut of resistant VRE and ESBL-produc-

ing Enterobacteriaceae.
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Introduction

In 2002, vancomycin-resistant Staphylococcus aureus

(VRSA) was isolated from two patients from southeast
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Michigan in the US. Both patients were colonised with

methicillin-resistant S. aureus (MRSA) and vancomycin-

resistant enterococci (VRE). Molecular methods confirmed

that the vanA gene had been transferred from VRE to

MRSA. There have been only 11 well-characterised

examples of VRSA so far, but the risk of the transfer of

resistance genes has inspired numerous case–control stud-

ies, mainly in the US and China. The aim was to determine

the risk factors of co-colonisation or co-infection with

MRSA and VRE [1–7]. Although the epidemiology of

extended-spectrum b-lactamases (ESBLs) has changed and

infections with ESBL-producing bacteria have increased

dramatically, only a few studies have assessed the co-col-

onisation rates of VRE or MRSA and ESBL [4, 8].

Because data on secular trends and patients with mul-

tiple multidrug-resistant pathogens from Europe are scarce,

we aimed to: (1) determine the incidence of patients with

co-occurrence of MRSA, VRE faecium or ESBL-producing

Enterobacteriaceae in four German hospitals and (2) to

describe the change in the prevalence of patients with

co-occurrence of those pathogens over the last 3 years

(2007–2009).

Methods

This study was conducted at four tertiary care hospitals (all

with [1,000 beds) in different geographic regions in

Germany (Berlin in the east, Luebeck in the north, Freiburg

in the southwest and Nuernberg in the southeast). The

characteristics are displayed in Table 1.

All patients with proven MRSA, VRE faecium or ESBL-

producing Enterobacteriaceae from 2007 to 2009 were

eligible to be included in the study population. Every

patient was counted only once during a calendar year.

Patients were included irrespective of infection or coloni-

sation. Likewise, all clinical and screening cultures were

included. Copy strains were excluded. The genotyping of

resistant strains was only performed if an outbreak was

suspected.

Definition of co-colonisation or co-infection

and statistical analysis

Co-colonisation or co-infection was defined as a patient

having positive cultures for at least two of the following

resistant pathogens: MRSA, VRE faecium or different

species of ESBL-producing Enterobacteriaceae within one

calendar year. The term ‘‘ESBL and ESBL’’ refers to

co-infection or co-colonisation with different species of

ESBL-producing bacteria. Differences over time were

measured by the incidence density test and the significance

level was set at P \ 0.05.

Surveillance of MRSA, VRE and ESBL-producing

Enterobacteriaceae

Admission screening for MRSA in high-risk patients has

been recommended since 2004 in all four hospitals. High-

risk patients are defined as patients who have chronic open

wounds, are undergoing dialysis, have been transferred

from hospitals or institutions with a known high prevalence

of MRSA, and/or are older than 60 years of age and have

been admitted to an intensive care unit. Electronic flagging

of patients with identified MRSA, VRE faecium and/or

ESBL-producing Enterobacteriaceae has been installed in

all hospitals. All flagged patients were screened at hospital

readmission. There was no general admission screening for

ESBL or for VRE faecium. However, in the case of an

outbreak (e.g. the VRE faecium outbreak in the paediatric

department of one of the hospitals), screening was

recommended. The screening policies in the four hospitals

were not audited for compliance over time.

Microbiologic methods

Different microbiological identification systems are estab-

lished in each of the four hospitals. For the purpose of the

study, the identification methods were essentially as fol-

lows: Columbia Agar with sheep blood (COL SB?; Oxoid,

Wesel, Germany) was used to isolate enterococci from

different clinical samples. Enterococcus faecium was

identified by using standard microbiological methods,

including API 20 Strep or VITEK� 2 (bioMérieux, Marcy

l’Etoile, France). Antimicrobial susceptibility to vanco-

mycin was determined by the Etest� quantitative minimum

inhibitory concentration (AB Biodisk, Solna, Sweden).

Susceptibility interpretations followed the guidelines

proposed by the Clinical and Laboratory Standards Institute

(CLSI). Specific vancomycin-resistant genotypes (vanA,

vanB or vanC) were determined by polymerase chain

reaction analysis (GenoType Enterococcus, Hain Life-

science, Nehren, Germany) in all but one centre (Luebeck).

Table 1 Characterisation of participants (2008)

Beds

(n)

In-patients

(n)

Mean length

of stay (d)

Number of

intensive

care units

Berlin 3,213 133,100 7.1 16

Freiburg 1,480 63,830 7.0 8

Luebeck 1,187 48,362 7.8 6

Nuernberg 2,180 90,400 6.8 10
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For the selective isolation and presumptive identifica-

tion of MRSA, chromID MRSATM Agar (bioMérieux,

Marcy l’Etoile, France) was used. Presumptive S. aureus

colonies from clinical samples on Columbia Agar with

sheep blood (COL SB?; Oxoid, Wesel, Germany) were

confirmed by positive catalase and by the detection of

clumping factor, protein A and capsular polysaccharides

(PastorexTM Staph-Plus, Bio-Rad, Marnes-la-Coquette,

France). Methicillin resistance was determined either by

susceptibility testing by the disk diffusion method using

the CLSI guidelines or by the detection of penicillin-

binding protein (PBP2) (PBP20 Latex Agglutination Test;

Oxoid, Wesel, Germany) and confirmed by detection of the

mecA gene (GenoType Staphylococcus, Hain Lifescience,

Nehren, Germany).

Enterobacteriaceae strains selectively cultured on

MacConkey medium were further characterised with bio-

chemical tests (BBL Enterotube II, Becton–Dickinson

Diagnostic Systems, Heidelberg/Germany, or Vitek� 2,

bioMérieux, Marcy l’Etoile, France). ESBL-producers

were determined by screening for ESBL with class III

cephalosporins (cefotaxime, ceftazidime) and confirmed

either by disk approximation or by Etest� ESBL strip

cefotaxime and cefotaxime plus clavulanic acid, and ceft-

azidime and ceftazidime plus clavulanic acid (AB Biodisk,

Solna, Sweden).

Infection control

The infection control departments in all four hospitals

recommended contact precautions for patients colonised or

infected with MRSA, VRE and ESBL (single room

placement in most cases or cohorting, wearing of gloves

and gowns, and screening of roommates, i.e. nasal

screening for MRSA and rectal screening for VRE or

ESBL). Known patients with MRSA, VRE or ESBL were

screened on admission. There were no quantitative data

available on compliance with infection control. Since

recommendations are not always put into daily practice, it

is important to note that each new case of ESBL, VRE or

MRSA was followed by a local audit of the infection

control staff.

Results

From 2007 to 2009, a total of 896,822 patients were

admitted to the four hospitals and analysed. Of them,

10,066 patients harboured MRSA, VRE faecium and/or

ESBL-producing Enterobacteriaceae, corresponding to

10,622 non-duplicate isolates. The number of patients with

MRSA decreased from 2007 to 2009 (from 2,462 to 2,186

to 2,034), whereas VRE faecium increased (from 159 to

277 to 423), as did ESBL (from 818 to 1,040 to 1,223). The

total number of admitted patients was as follows: 292,102

(2007), 298,146 (2008) and 306,574 (2009).

A total of 542 patients co-harboured MRSA, VRE

faecium or ESBL-producing Enterobacteriaceae. In 2009,

7.6% of the MRSA patients (155 of 2,034) were co-col-

onised or co-infected and even 16.1% of the ESBL patients

(230 of 1,223) and 13.7% of the VRE patients (58 out of

423). The number of co-infected or co-colonised patients

increased from 157 to 219 over the last 3 years and

accounted for 6% of all patients with MRSA, VRE faecium

or ESBL-producing Enterobacteriaceae in 2009 (Fig. 1).

The increase from 2007 to 2009 of all co-colonised or

co-infected patients was statistically significant (P = 0.002).

The majority of co-colonised or co-infected patients (62%)

harboured MRSA and ESBL.

The incidence of patients with co-infection or co-colo-

nisation rose steadily by 40% from 5 (2007) to 7 per 10,000

patients (2009). The incidence of MRSA decreased from

84 to 66 per 10,000 patients. In contrast, VRE faecium

burden almost tripled (from 5 to 9 to 14 VRE patients per

10,000 patients), indicating that 14 out of 10,000 patients

were infected or colonised with VRE faecium in 2009.

ESBL was 28 per 10,000 patients in 2007, increased to 35

in 2008 and was then 40 in 2009 (Fig. 2).

In one hospital, a VRE faecium outbreak in the paedi-

atric department was suspected. Of 66 non-duplicate

genotyped isolates, 53 belonged to one cluster, making an

outbreak very likely (Table 2).

Generally, the distribution of pathogens in all patients

with only one resistant pathogen (MRSA, VRE faecium or

ESBL-producing Enterobacteriaceae) did not occur in

parallel with the distribution in patients with co-infection

or co-colonisation: patients with one resistant pathogen

harboured MRSA in 66% of cases (2007–2009), but only in

37% of cases when only pathogens in co-infected or

co-colonised patients were considered. In contrast, the

distribution of VRE faecium or ESBL-producing Entero-

bacteriaceae in patients with more than one resistant

pathogen was relatively higher than what was to be

expected from the total distribution (Table 3).

Conclusions

The main findings are that: (1) 6 out of 10,000 admitted

patients co-harboured methicillin-resistant Staphylococcus

aureus (MRSA), vancomycin-resistant Enterococcus

faecium (VRE) or extended-spectrum b-lactamase (ESBL)-

producing Enterobacteriaceae; (2) the incidence of

co-infected or co-colonised patients increased from 5 to 7

per 10,000 patients over the last 3 years (2007–2009);

and (3) 16.1% of the patients with ESBL-producing
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Enterobacteriaceae were co-colonised or co-infected in

2009. The co-occurrence of three different resistant

pathogens (MRSA, VRE faecium or ESBL-producing

Enterobacteriaceae) in patients is still rare.

Prior studies on co-colonisation or co-infection with

MRSA and VRE demonstrated overall prevalence rates on

admission ranging from 2.7 to 9.5% identified by clinical

culture and active surveillance [2–4]. In one study in a US

hospital, 28.6% of the VRE patients were co-colonised

with MRSA as early as 1997 [7]. More recently, Reyes

et al. [5] published co-carriage rates in patients with VRE

and MRSA of 19.8%. In our study, the rate of co-carriage

of MRSA and VRE faecium was about 13% (70 patients in

3 years).

We observed no vancomycin-resistant S. aureus

(VRSA) in our cohort of almost 900,000 patients over the

3-year study period. Generally, the clinical importance of

VRSA has been highlighted by the reports of VRSA

occurring as a result of the transfer of the vanA gene from

VRE [9]. However, it remains a mystery as to why the
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transfer of the vanA gene to S. aureus remains rare,

although acquired vancomycin-resistant genes have been

reported in MRSA and co-occurence is relevant.

With respect to Gram-negative bacteria, 4.7% co-car-

riage of MRSA and third-generation cephalosporin-resis-

tant Gram-negative bacteria was reported in 1999 in ten

Hong Kong intensive care units [4]. In two US intensive

care units, 11% of the VRE patients were co-colonised with

ESBL and 47% of the ESBL patients were co-colonised

with VRE [8]. In this study, we found the predominant

co-carriage to be MRSA and ESBL-producing Enterobac-

teriaceae (62% of patients with co-colonisation or

co-infection). 16.1% of ESBL patients (230 of 1,223),

13.7% of VRE patients (58 out of 423) and only 7.6% of

MRSA patients (155 of 2,034) were co-colonised or

co-infected in 2009. We could confirm our initial hypoth-

esis that the prevalence of patients with co-occurrence of

resistant pathogens increases over time due to the general

increase of patients with ESBL and VRE faecium. This is

even true if all children with VRE faecium isolates from the

department where an outbreak occurred are excluded.

However, it is interesting to note that patients harbouring

ESBL-producing Enterobacteriaceae or VRE faecium had

a much higher risk to be co-colonised or co-infected than

what was to be extrapolated from the general incidence.

Further investigation is necessary in order to determine

whether this higher rate of co-colonisation in comparison to

MRSA is linked to the gastro-intestinal reservoir and

impracticality of decolonising the gut of resistant entero-

cocci and Enterobacteriaceae. The results of our study

relied upon mostly clinical cultures. It can be expected that

more cases of ESBL and VRE would be identified if a

general admission screening were in place. The usefulness

of general screening at admission, however, remains a

Table 2 Vancomycin-resistant Enterococcus faecium (VRE) outbreak in the paediatric department in one of the four hospitals: number of

patients, genotyping results and number of co-colonised or co-infected patients

2007 2008 2009 Comments

Number of all VRE faecium patients 3 76 149

Thereof number (%) of all VRE faecium
patients in the paediatric department

0 60 (79%) 76 (51%) Sixty-six out of the 136 non-duplicate isolates from the

paediatric department were genotyped by SmaI

macro-restriction and pulsed-field gel electrophoresis.

The majority of the isolates (n = 53) belonged to one

cluster, six isolates belonged to a second cluster and

seven isolates were single strains

Number of all patients co-colonised

or co-infected (MRSA and/or ESBL

and VRE faecium) in this hospital

0 5 12 The number of co-colonised or co-infected patients will

be as follows if patients from the paediatric

department are excluded: n = 0 in 2007, n = 4 in

2008 and n = 8 in 2009

Number of patients co-colonised or co-infected

(MRSA and/or ESBL and VRE faecium)

in the paediatric department

0 1 4 In 2008, one child co-harboured VRE faecium and

ESBL-producing E. coli. In 2009, two children

co-harboured VRE faecium and ESBL-producing

Klebsiella spp., one child VRE faecium and ESBL-

producing E. coli and one child VRE faecium and

ESBL-producing Enterobacter cloacae

Table 3 Proportion (%) of pathogens in patients co-colonised or co-infected with MRSA, VRE faecium or ESBL-producing Enterobacteria-
ceae, 2007–2009

Proportion of pathogens in patients with

only MRSA or VRE faecium or ESBL

(number of pathogens) (%)

Proportion of pathogens in patients with

co-occurrence of MRSA, VRE faecium
or ESBL (number of pathogens) (%)

Proportion of pathogens in all patients

with MRSA, VRE faecium or ESBL

(number of pathogens) (%)

MRSA 66 (6,273) 37 (409) 63 (6,682)

ESBL 26 (2,522) 51 (559) 29 (3,081)

VRE 8 (729) 12 (130) 8 (859)

All 100 (9,524) 100 (1,098) 100 (10,622)

MRSA methicillin-resistant Staphylococcus aureus

VRE vancomycin-resistant Enterococcus faecium

ESBL extended-spectrum b-lactamase-producing Enterobacteriaceae

Increase of patients co-colonised or co-infected 505

123



matter of debate and its cost-effectiveness has yet to be

proven [10]. According to Harris et al., isolating patients

colonised by VRE would isolate 47% of the ESBL patients

without the need for further testing [8]. The investigators

hypothesised that testing for ESBL will be cost-effective

only if patients were already colonised with VRE and only

if infection control interventions would differ between

those solely harbouring VRE and those who were co-

colonised.

Our study has some limitations. First, our study took

place under real-life conditions and, therefore, not all

MRSA, VRE faecium or ESBL-producing Enterobacteri-

aceae were genotyped. This was done only when an

outbreak was suspected. In one hospital, a VRE faecium

outbreak took place in the paediatric department, inflating

the incidence of patients harbouring VRE faecium. How-

ever, even if the patients from the outbreak are not

considered in our calculation (one child in 2008 and four in

2009), the overall incidence of co-infected or co-colonised

patients has still continuously increased. Furthermore, it

cannot be ruled out that other outbreaks occurred but were

not identified as such. In our view, the lack of complete

typing data is a shortcoming, but our real-life data reflect,

nevertheless, the situation which the hospitals have to deal

with. Second, we cannot provide data on either the pro-

portion of intensive care unit samples to medical and/or

surgical samples nor a breakdown of the body site origin of

the isolates. Third, the time period for the definition of

co-colonisation or co-infection was a calendar year.

Therefore, a patient colonised with MRSA in December

and with VRE in January of the next year would not have

fulfilled the definition. Fourth, the absence of general

admission screening has to be taken into account. It cannot

be ruled out that the four hospitals’ screening policies were

heterogeneous because the screening policies in the four

hospitals were not audited for compliance over time.

In conclusion, the burden of patients with co-colonisa-

tion or co-infection with MRSA, VRE faecium or ESBL-

producing Enterobacteriaceae increased from 2007 to

2009 by 40%. This was especially the case in patients

carrying ESBL-producing Enterobacteriaceae. Clinicians

can expect to face increasing numbers of patients with

co-occurrence of resistant pathogens. Therefore, three

points are paramount: prevention of transmission, limiting

antibiotic use to curtail the selection and persistence of

predominant clones, and developing strategies to influence

carriage, especially in the intestinal tract as an important

reservoir of antibiotic resistance genes.
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