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Abstract
Background

Vancomycin-resistant Enterococcus faecium (VRE) is a nosocomial pathogen causing infection mainly in
patients with critical illnesses in intensive care units, severe underlying disease or weakened immune
system. Intensive pre-treatment with antibiotics and use of urinary catheters also constitute a risk. Due to
its hardy nature, the bacterium can survive for long periods in a hospital environment. The aim of this
study was to describe the investigation of a sudden increase in VRE cases admitted to the Surgical Unit
at Vrinnevi Hospital in Norrköping, Sweden, and the control measures taken.

Methods

Faeces cultures from patients admitted to the Surgical Unit were obtained, and environmental cultures
were collected from different locations in patient rooms and medical devices. In addition, screening
samples were obtained from units with high-risk patients in the Östergötland County. Isolates identi�ed
as E. faecium were subjected to antibiotic susceptibility testing. Vancomycin-resistant isolates PCR-
positive for the vanA/vanB gene were further analysed with whole genome sequencing (WGS).

Results

A total of 35 VRE isolates were found (22 from patients and 13 from the environment). The WGS
identi�ed three outbreak clusters, sequence type (ST) 203, ST 1839, ST 80 and one unique clone (ST
612). The ST 203 clone predominated among VRE cases admitted to the Surgical Unit.

Conclusions

With prompt infection control measures, the VRE outbreak was over after approximately four months. To
prevent further outbreaks of VRE, active screening, antibiotic stewardship, improved cleaning and hand
hygiene, and restriction of multiple-bed rooms are essential.

Background
Enterococci are Gram-positive bacteria that normally colonize the gastrointestinal tract of human beings.
The two predominant enterococcal species are Enterococcus faecalis and Enterococcus faecium, which
have clinically relevant differences in their susceptibility to antibiotics. In contrast to E. faecalis, a high
proportion of E. faecium are resistant to beta-lactams. Treatment of infections caused by this bacterium
usually requires a glycopeptide (1). 

    Vancomycin-resistant E. faecium (VRE) has emerged as an important nosocomial pathogen. The
broad-spectrum glycopeptidic antibiotic vancomycin inhibits bacterial cell wall synthesis, and is one of
the only few antibiotics effective against several antibiotic-resistant bacteria such as VRE. The most
common genes encoding glycopeptide-resistance are vanA and to a lesser extent vanB. VanA results in
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higher minimum inhibitory concentrations (MICs) for vancomycin and teicoplanin, whereas vanB strains
remain susceptible to teicoplanin (2, 3).

    Colonization of the gastrointestinal tract regularly precedes invasive infection. Asymptomatic
colonization of the gastrointestinal tract is more common than clinically recognized infection. Infections
caused by VRE include infective endocarditis, catheter-associated bloodstream infections, urinary tract
infections and bacteraemia. Patients at risk for infection include those with critical illnesses in intensive
care units, severe underlying disease or weakened immune system. The use of urinary catheters,
antibiotics and exposure to another patient with VRE also constitute a risk. Healthy individuals are
usually not at risk of becoming infected with VRE (4, 5). 

    Transmission of VRE between patients may occur by direct contact (e.g. unwashed hands) or indirectly
by touching contaminated surfaces. For an individual to become colonized with VRE, other than
transiently on the skin, the bacteria must enter the body through the mouth, i.e. faecal-oral transmission.
VRE are hardy organisms with the ability to survive for long periods in adverse environmental conditions
such as high temperature and drying (6). Thus, practicing good hand hygiene and adequate cleaning in
hospital environments are essential to reduce reservoirs of VRE. 

    The prevalence of VRE in Sweden remained low until 2007, when a large outbreak involving three
hospitals in separate counties occurred (7). Since then, VRE outbreaks have been reported in several
counties in Sweden. However, only sporadic cases of VRE have been identi�ed in the Östergötland
County, and the health care never experienced an outbreak. The aim of this study was to investigate a
sudden increase in VRE cases among patients admitted to a Surgical Unit at Vrinnevi Hospital,
Norrköping, Sweden, and to describe the measures taken to control the outbreak.

Methods
Settings

There are three hospitals in the Östergötland County: one tertiary care hospital (Linköping University
Hospital) and two secondary care hospitals (Vrinnevi Hospital in Norrköping and Motala Hospital). The
Surgical Unit at Vrinnevi Hospital in Norrköping treats patients with diseases and injuries that require
surgery or care. The unit consists of two wards, ward 11 with focus on colorectal and acute general
surgery, and ward 12 with focus on upper abdominal surgery and urology. Each ward offers a total of 28
beds divided into 14 rooms, six multiple-bed rooms (four four-bed rooms and two two-bed rooms) and
eight single-bed rooms. Health care workers and storage of medical supplies are shared between the two
wards.

Epidemiological investigation

In April 2021, a VRE-positive patient (index) was re-admitted and placed in a single-bed room (room 14) in
ward 12 at the Surgical Unit at Vrinnevi Hospital in Norrköping (Figure 1). The patient suffered from
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severe underlying diseases, had received multiple antibiotic treatment, and had recently undergone a
nephrostomy procedure, i.e. an arti�cial opening created between the kidney and the skin allowing for the
urinary diversion directly from the upper part of the urinary system. The patient had been admitted to the
ward on several previous occasions with placement in different single- and four-bed rooms. A few
months earlier, the patient was involved in a VRE-transmission event including another patient. The
transmitted E. faecium strain carried the vanA gene and showed resistance to ampicillin, imipenem,
piperacillin/tazobactam and vancomycin.

    Subsequent screening for VRE by collecting rectal swabs was initiated for all patients admitted to ward
11 and 12 at a weekly basis and when discharged. The screening was later extended to also include a
cultivation sample from patients admitted to any of the three hospitals in the Östergötland County who
had previously been admitted to the Surgical Unit at Vrinnevi Hospital in Norrköping. Also, screening
samples were collected from a number of chosen units in the Östergötland County with high-risk
patients. Cases were de�ned as patients colonized or infected with VRE, with the same antibiogram and
van gene as the index patient. An additional inclusion criterion was that there had to be a connection in
time and space with the index patient or another VRE-positive patient involved in the outbreak. 

Environmental sampling

To control the environmental contamination and cleaning e�cacy after one discharge cleaning, and to
evaluate the implemented cleaning routine with three approved quality controlled discharge
cleanings, environmental samples were collected in ward 12 during the ongoing outbreak. Sampling were
obtained from possible contaminated sites, including bed mattresses, -rails and -lamps, chairs, tables,
shelves, window boards, door knobs, call buttons and -wall panels, toilet seats, -handles, and -paper roll
holders, wash basins, shower heads and -stools, and medical devices in seven rooms previously occupied
by VRE cases, one wash room, and one shared bathroom in the corridor. In addition, environmental
samples were collected in one single-bed room at the Emergency Unit at Vrinnevi Hospital in Norrköping
to which one of the VRE cases in ward 12 had been relocated. Also, environmental sampling was
obtained from two examination rooms at the Urological Unit at Vrinnevi Hospital in Norrköping. 

Bacterial cultures

Environmental samples were collected with ESwabs (Copan Diagnostics Inc. Murrieta, CA, USA) and
inoculated into VRE-broth supplemented with vancomycin (0.75 mg/L, Sigma-Aldrich, USA) and
aztreonam (10 mg/L, MP Biomedicals, France) overnight, and thereafter onto VRE Chromagar plates
supplemented with chloramphenicol and dipotassium telluride (CHROMagar, France). The plates were
incubated at 35 °C for approximately 48 h. Bacteria were identi�ed to the species level with a MALDI
Biotyper 3.0 (Bruker Corporation, Karlsruhe, Germany). The antibiotic susceptibility to ampicillin,
imipenem, piperacillin/tazobactam, linezolid and vancomycin was tested according to the
recommendations of EUCAST (www.eucast.org).

PCR
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Carriage of the vanA or vanB gene was veri�ed with GeneXpert, using the Xpert vanA/vanB kit (Cepheid,
Sunnyvale, CA, USA), according to the manufacturer´s instructions. Cepheid GeneXpert is an entirely
integrated and automated analytic system where sample preparation, extraction, ampli�cation and
detection with real-time polymerase chain reaction (PCR) are conducted in individual reagent cassettes.
Every cassette contains a sample processing control (SPC) and a probe check control (PCC). The SPC
contains spores of Bacillus globigii and controls the deoxyribonucleic acid (DNA) lysis, su�cient sample
preparation and that the PCR-reaction has not been inhibited. The PCC controls the e�ciency of the
reagent cassette by measuring a �uorescent signal and calculate algorithms before starting the PCR
reaction.  

WGS

All VRE isolates from patients and the environment were subjected to whole genome sequencing (WGS).
DNA was prepared from 10µL of each isolate, using EZ1 DNA Tissue Kit (Qiagen, Germantown, MD, USA),
with an included pre-heating step at 95 °C and shaking at 350 rpm. Twenty ng of DNA was used for
library preparation, using QIAseq FX DNA Library Kit (Qiagen, Germantown, MD, USA) with 8 min of
fragmentation time. DNA libraries were sequenced on the MiSeq platform (Illumina, San Diego, CA, USA)
with 2 x 300 bp paired-end reads, and the samples obtained an average sequencing depth of 214x. 

    Data analysis was performed in CLC Genomics Workbench v. 10.1.1 with the Microbial Genomics
Module v. 2.5.1 (Qiagen, Germantown, MD, USA). Multilocus sequence typing (MLST) analysis was
performed using the PubMLST (pubmlst.org) (8) scheme for Enterococcus faecium (9). Read mapping
and variant calling was performed against the E. faecium reference genome with NCBI accession number
NC_021994, with the following thresholds to call a variant: depth of coverage ≥ 20, frequency ≥ 90% and
Phred score ≥ 20. A quality �lter was then applied that retained variants with a sequencing depth of ≥
20x in all samples and a distance ≥ 10 bp to the next variant, and the resulting variants were used to
create an SNP (single nucleotide polymorphism) tree and calculate genetic distances between samples.
Previous studies suggest that isolates of E. faecium with a distance of ≤16 SNPs are likely to belong to
the same clone (10).

Results
Outbreak cases

Approximately 800 patients were screened for VRE during the screening period lasting from the end of
April until the end of August 2021. Within a week from re-admittance of the index patient in ward 12, two
more VRE cases were reported. These patients were placed in two different four-bed rooms with shared
bathroom in ward 12, of which one (room 9) had previously been occupied with the index patient at the
exact same bed space. The patient who was involved in an earlier VRE-transmission event with the index
patient had also stayed in this four-bed room. Nine more cases were reported in ward 12 up until the end
of May (Figure 1). Additional VRE cases were reported in the Geriatric Unit (n = 2), the Emergency Unit (n =
2), ward 11 at the Surgical Unit (n = 1), the Cardiology Unit (n = 1) and the Infectious Diseases Unit (n = 1)
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at Vrinnevi Hospital, and one case in a senior centre in Norrköping. Also, yet another case was admitted to
the Haematology Unit at Linköping University Hospital. Like the index patient, all VRE cases carried the
vanA gene and were resistant to ampicillin, imipenem, piperacillin/tazobactam and vancomycin. The
majority had previously received multiple antibiotic treatments, and a large proportion of the cases
identi�ed in ward 12 had undergone a cystoscopy and/or transrectal ultrasound.

Environmental sampling results

A total of 417 environmental samples were collected, of which 346 (83%) in ward 12 at the Surgical Unit
(104 samples collected after three discharge cleanings), 28 (7%) in the Emergency Unit, and 43 (10%) in
the Urological Unit at Vrinnevi Hospital in Norrköping. Of these, 13 (3%) showed growth of VRE carrying
the vanA gene and were resistant to ampicillin, imipenem, piperacillin/tazobactam and vancomycin. To
the culture-positive locations belonged one bed mattress, the window board, the toilet seat, -handles, and -
paper roll holder in one of the four-bed rooms (room 9) in ward 12; the toilet paper roll holder, shower
stool, chair and one medical device in one of the single-bed rooms in ward 12 (room 14 where the index
patient was recently placed); the bed rails in another single-bed room in ward 12 (room 8); the call button,
the alarm wall panel and wash basin in the single-bed room at the Emergency Unit where one of the VRE
cases from ward 12 had stayed. Only one environmental sample (1%) showed growth of VRE
after three approved quality controlled discharge cleanings in ward 12 (Figure 1). 

WGS results

Three outbreak clusters and one unique clone were recognized with MLST and whole genome-wide
phylogenetic analysis (Figure 2). The larger cluster consisted of 25 isolates (71%) with a difference of 0-7
SNPs, and belonged to the ST 203 clone. Included in this cluster were 12 VRE cases reported in ward 12
and all 13 VRE-positive environmental samples. In the second cluster, seven isolates (20%) with a
difference of 0-5 SNPs and that belonged to ST 1839 were included. Among these isolates were two VRE
cases reported in the Geriatric Unit and the Emergency Unit, respectively; one case reported in ward 12, the
Cardiology Unit, and a senior centre in Norrköping, respectively. The third cluster consisted of two isolates
(6%) belonging to ST 80 with a difference of 1 SNP among them. One of the patients in this cluster had
recently returned from abroad and were cared for at the Emergency Unit, while the other patient was
admitted to ward 11 at the Surgical Unit at Vrinnevi Hospital, Norrköping. The unique clone (ST 612)
belonged to a patient admitted to the Haematology Unit at Linköping University Hospital (3%).

Control measures

In order to quickly and effectively minimize the extent of the VRE outbreak, a group with representatives
from the Surgical Unit, Chief Physician and the Hospital Management at Vrinnevi Hospital in Norrköping,
the Department of Communicable Disease and Infection Control, the Department of Infectious Diseases,
the Department of Clinical Microbiology, the Communication Unit, and the Cleaning organization of the
Östergötland County was established and had weekly meetings to discuss the current situation and
operatively handle the outbreak. Control measures were immediately taken, which included improved
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compliance to basic hygiene and cleaning routines, replacing all furniture and equipment that were worn
or impossible to disinfect, cleaning encumbered shelves, removing tape from different medical devises
and equipment, disposal of long curtains in windows and cubicle curtains that had not been properly
changed between patients. Patient admittance stop and contact isolation was implemented in ward 12,
and all multiple-bed rooms were used as single-bed rooms. 

    Initially, discharge cleaning with virkon (1%) and alcohol-based disinfectant with tenside of rooms to
which a con�rmed VRE-positive patient had been admitted was performed once. However, since
environmental cultures remained positive, triggering new episodes of VRE transmission, the discharge
cleaning was intensi�ed to three times followed by a visual hygiene observation and an approved quality
control in terms of adenosine triphosphate (ATP) measurement detecting actively growing
microorganisms. Twenty locations in each patient room, including the bathroom, were subjects for ATP
measurement, i.e. a total of 60 locations were measured in each discharge cleaned patient room. All
additional patient rooms in the unit (non-VRE) were discharge cleaned once with a following approved
quality control. Even the daily cleaning in the Surgical Unit was quality controlled and disinfection of
general surfaces was extended. For a limited period, the Cleaning organization of the Östergötland
County took over the cleaning of patient rooms from the health care workers who normally performed the
cleaning. The cleaning routine with three approved quality controlled discharge cleanings was later
implemented in the Geriatric Unit after observing an increasing number of VRE cases with connection to
this unit. The routine was also implemented in other hospital units in the Östergötland County with VRE-
positive patients. 

    From September 2018 to May 2019, an antibiotic audit and feedback program regarding patients with
infections related to abdominal surgery had been implemented. The result was a decrease in the use of
carbapenems and cephalosporins, and an increase in the use of piperacillin/tazobactam. When the VRE
outbreak was identi�ed, prescriptions for the three months preceding the outbreak were analysed. The
result was that the prescription pattern obtained by the previous project had not changed as
piperacillin/tazobactam was prescribed in >50% of cases. However, no similar audit and feedback
program regarding patients with infections related to urological surgery had ever been done. An analysis
of prescriptions for the three months preceding the outbreak showed that cephalosporins and
cipro�oxacin were dominating the prescription pattern. In a meeting with the prescribing urological
surgeons, recommendations regarding antibiotic use aiming to reduce the impact of the patient
colonisation resistance (i.e. gut �ora) with respect to the ongoing outbreak were discussed and
implemented. 

Discussion
In the present study, an outbreak of VRE starting at the Surgical Unit at Vrinnevi Hospital in Norrköping,
Sweden was described. Active screening, which has been shown to reduce VRE transmission (11), was
initiated. A total of 22 patients were involved in the outbreak, and four different clones of VRE were
identi�ed, ST 203 (n = 12), ST 1839 (n = 7), ST 80 (n = 2) and ST 612 (n = 1) (Figure 2). The ST 203 clone
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caused the largest cluster and predominated among patients in ward 12 at the Surgical Unit, and most
likely originated from the index patient. The ST 1839 clone was mainly found among patients admitted
to, or who had previously been admitted to, the Geriatric Unit at Vrinnevi Hospital, whereas no obvious
connection was observed among the other clones. The different clusters were unrelated to each other,
and the existence and transmission of the ST 1839, ST 80 and ST 612 clones were possibly revealed as a
result of the extended VRE screening and had otherwise remained unidenti�ed.    

    Antibiotic exposure, especially to substances with a high likelihood of disturbing the gut �ora, has been
identi�ed as a risk factor for both acquisition and transmission of VRE, and consequently antibiotic
stewardship is of importance both to prevent and con�ne an outbreak of VRE (12-14). The present
outbreak, although the main efforts focused on hygiene measures, shed light on the fact that antibiotic
prescribing related to urological surgery needed improvement, and measures were taken accordingly. 

    The majority (77%) of the cases reported in ward 12 (n = 13) had been placed in one of the four-bed
rooms (room 9) at some time during admittance. The index patient stayed in this room on several
different occasions both before and when diagnosed with VRE in December 2020, and was placed at the
same bed space each time. One of the two VRE cases reported in April 2021, and another case reported in
May, had been placed at the exact same bed space as the index patient. Remaining cases admitted to
this room had been placed at some of the other three available bed spaces (Figure 1). All environmental
samples collected during the outbreak belonged to the ST 203 cluster (Figure 2). Of the 10 VRE-positive
environmental samples collected in ward 12, nine samples were found either in the single-bed room (40%)
where the index patient had recently stayed (room 14), or in the above mentioned four-bed room (50%).
Most �ndings were associated with the bathroom (Figure 1). Colonization pressure, generally de�ned as
the proportion of VRE-positive patients in a unit during a speci�c period, is signi�cantly associated with
VRE acquisition. Studies have shown an increase in VRE colonization during hospital stay and that
patients sharing room and toilet with a VRE carrier had a high acquisition rate (4, 15). This is consistent
with our �ndings, which indicate a high proportion of VRE cases and VRE-positive environmental samples
in ward 12, and especially in the four-bed room. 

    Hygiene observations performed by the Department of Communicable Disease and Infection Control
revealed several scarcities in the hospital environment at the Surgical Unit, which were immediately
attended to. For example, the cubicle curtains used as separation barriers between bed spaces in the
multiple-bed rooms had not been properly handled. According to the recommendations established by the
Department of Communicable Disease and Infection Control, separation barriers should not be made of
fabric but have a hard and �at surface able to manage disinfection. If used, cubicle curtains should
always be changed between patients. Cubicle curtains are widely used in hospitals and other health care
facilities. They are frequently handled by patients, visitors and health care workers, and easily become
contaminated. Studies have shown that cubicle curtains become progressively contaminated with
pathogenic bacteria and may be involved in transmission among patients (16, 17).
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    Improved cleaning and disinfection in hospital environments decreases contamination of surfaces and
VRE acquisition among patients. It has been shown that a high proportion of rooms with VRE-positive
patients had positive environmental cultures even after discharge cleaning (4, 18). Thus, repeated
cleaning may be more effective (19). The implemented cleaning routine in the Surgical Unit was shown to
be successful. The number of VRE cases and VRE-positive environmental samples were drastically
reduced after three approved quality controlled discharge cleanings per room after a VRE-positive patient.
One of the big challenges in this outbreak was the confusion regarding whether the health care workers at
the unit or the Cleaning organization of the Östergötland County was responsible for cleaning certain
environmental surfaces and medical devices. In addition, a lack in knowledge on how to perform
disinfection in terms of frequency and method was observed among the executors. This may have
resulted in environmental surfaces not being properly disinfected, thus constitute a risk for VRE
transmission. The concern of assigning responsibility for cleaning, which methods should be used, and
how often it should be performed has been reported in other studies (18, 20, 21). Recently, automated no-
touch technologies have been used to enhance the effectiveness of disinfection of VRE and other
pathogens. Disinfection with hydrogen peroxide vapour can have important advantages. Hydrogen
peroxide is a broad-spectrum disinfectant considered active against the majority of pathogens implicated
in nosocomial infections (22). Studies have shown that using hydrogen peroxide vapour may reduce the
risk of VRE acquisition with 80-100% (23-25). Ultraviolet light is another technology that have proven
effective against VRE (26). These methods may with advantage be used as a supplement to routine
discharge cleaning of rooms in hospital settings.

Conclusion
An outbreak of VRE, including four different clones and involving 22 patients, starting in a Surgical Unit
was con�rmed with WGS. The control measures taken were successful, and when no further VRE cases
had been reported in nearly two months the outbreak was declared over. To prevent emergence of further
outbreaks, VRE screening among high-risk patients in the Östergötland County was extended, efforts in
antibiotic stewardship were increased, the routine with three approved quality controlled discharge
cleanings was maintained, and the use of multiple-bed rooms was restricted.
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Figures

Figure 1

Drawing of ward 12 at the Surgical Unit where the clustering of vancomycin-resistant Enterococcus
faecium (VRE) took place. Letters (A-D) indicating the number of available bed spaces per room. Rooms
where patients culture-positive for the bacterium had been placed are marked with a dotted red square.
The number of admitted VRE cases and VRE-positive environmental samples per room are shown in the
inserted table. 
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Figure 2

Phylogenetic tree based on single nucleotide polymorphism (SNP) analysis of whole genome sequencing
(WGS) data from 35 vancomycin-resistant Enterococcus faecium (VRE) isolates. Four outbreak clones
were identi�ed: ST 203 (isolates differing by 0-7 SNPs), ST 1839 (isolates differing by 0-5 SNPs), ST 80
(isolates differing by 1 SNP) and ST 612 (unique clone).


