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Abstract

Background: The prevalence of vancomycin-resistant Enterococcus faecium has increased rapidly, 

and in Denmark we are facing an endemic outbreak situation in hospitals. 

Objectives: The aim of this study was to use whole genome sequencing (WGS) and core genome 

multilocus sequencing typing (cgMLST) to determine the duration of VREfm outbreaks and 

thereby evaluate the effect of our infection control strategies. 

Methods: We included all VREfm isolates from six hospitals in the Capital Region of Denmark 

that were sequenced between 2012 and 2020. Ward data was collected from our laboratory 

information system. A ward outbreak was defined as two patient samples from the same ward 

within a period of 30 days belonging to the same cgMLST cluster. cgMLST complex types were 

determined using Ridom SeqSphere v7.2.3, where a maximum of 20 allelic differences between 

isolates defines a cluster.

Results: We included 1690 patient isolates between 2012 and 2020. Our collection consisted of 45 

unique clusters and 227 ward outbreaks. The median duration of outbreaks was 20 days. 

Conclusion: We reported a median outbreak duration of VREfm outbreaks based on WGS data to 

be 20 days, and thus concluded that our infection control precautions are adequate.
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Introduction

Enterococcus faecium is an increasingly important nosocomial pathogen, making up a third of all 

hospital-associated invasive infections in Europe.1 Since 2002, there has been an increase in 

invasive enterococcal infections in Denmark, mainly caused by ampicillin-resistant E. faecium, 

and since 2013, this has been combined with an increase in vancomycin-resistant E. faecium 

(VREfm).2,3 In Denmark, the prevalence of vancomycin resistance in invasive E. faecium isolates 

was 11% in 2019 which is higher than in the other Nordic countries.4 In Europe, the percentage of 

VREfm in invasive E. faecium infections has risen from 10.5% in 2015 to 18.3% in 2019.1 In 

terms of infection control, isolation of VREfm carriers is costly, and a Canadian study found that 

VREfm carrier state increased the identified mean cost per patient by 61.9%.5 

Risk factors for contracting VREfm are prolonged duration of hospitalization, close proximity to 

carrier patients, immunosuppression, comorbidities, and high use of antibiotics, including 

vancomycin.6–8  VREfm can spread directly between patients, through health care workers, or on 

fomites serving as a reservoir.9,10 In our laboratory, whole genome sequencing (WGS) is used to 

track hospital outbreaks of VREfm. Several studies have reported the duration of VREfm 

outbreaks, but to our knowledge none have used WGS data to determine the duration of outbreaks. 

Previous studies based on epidemiological data, have reported VREfm outbreaks lasting from 14 

days to 16 months.11,12 A Danish study found a median duration of 23 days for outbreaks13. 

Another study by our group, focusing on a single hospital in our region found a median duration of 

outbreaks of 32.5 days.20

In order to evaluate the effect of infection control strategies for VREfm outbreaks in hospital 

wards, it is important to know the duration of these outbreaks. Therefore, the aim of this study was 

to evaluate the quality of infection control strategies by investigating the duration of outbreaks in 

our collection of 1690 VREfm isolates from 52 wards in six hospitals in the Capital Region of 

Denmark by using WGS and cgMLST. A secondary aim of the study was to determine whether 

there was a difference in outbreak duration and number of outbreaks between surgical and medical 

wards.
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Methods

Setting and sequencing

This study is a retrospective study including whole genome sequenced VREfm samples from six 

hospitals in the Capital Region of Denmark from the period August 2012 to September 2020. 

WGS was routinely performed on the first isolate from all patients plus repeated samples if more 

than one year had passed since an isolate from the patient was sequenced. If one patient had a 

vanA and a vanB positive PCR within the same year, both isolates were sequenced. We included 

carrier and invasive VREfm isolates.

Out of 2496 isolates from our database, 1690 isolates were included in the study. Regarding 

selection of isolates refer to flowchart, figure 1. 97.51 % (n = 1648) of the isolates had vanA, 2.36 

% (n = 40) had vanB, and 0.12 % (n = 2) had both vanA and vanB.

Wards were divided into three groups: intensive care units (n=2), medical wards (n=35) and 

surgical wards (n=15). One of the two intensive care units performed “welcome screening” where 

they tested all patients for VREfm carriage upon admission. Regarding medical and surgical 

wards, each ward was examined individually. Medical and surgical ward sizes are 20-24 beds and 

rooms have one to maximum four beds.

WGS was performed on the Illumina MiSeq platform (Illumina Inc., San Diego, USA). 150 bp 

paired-end reads were produced and assembled using SPAdes as previously described.3,14 Multi 

locus sequence typing (MLST) sequence types (ST) and core genome Multilocus sequence typing 

(cgMLST) complex types (CT) were determined using SeqSphere v7.2.3 (Ridom GmbH, Munster, 

Germany, http://www.ridom.de/seqsphere/) and the previously published scheme for E. faecium 

including 1423 target genes.15,16 The SeqSphere software assigns the same CT to isolates that have 

a very similar cgMLST profile. The maximum allelic distance allowed for two samples to be 

considered from the same cluster is set to 20 alleles. The proximity of isolates was visualized as 

clusters using minimum spanning tree (MST), made with GrapeTree (v.1.5)1817 with default 

parameters, and the phylogenetic tree was then visualized using Microreact web tool 17,18 where A
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cgMLST CT, sequence types (ST), year and clusters are shown. (See interactive online figure: 

https://microreact.org/project/uvYFS2KhCxMJjufJmwBMMA-vre-maja-and-maria#88tb-

unnamed-view).15,18 

VREfm infection control procedures

Once a patient was found to have VREfm, the patient was promptly isolated and patients from the 

same room were screened for VREfm. If one of the patients from the same room was positive for 

VREfm, a screening of all patients in the ward was performed. Then, if a patient outside of the 

index patient’s room was positive for VREfm, an outbreak was declared, and weekly VREfm 

screenings of all patients in the ward were carried out. These weekly screenings were continued 

until no new VREfm positive patients were found, constituting a negative round of screening 

samples. The outbreak was then considered terminated. The wards usually did not close for intake 

during outbreaks. 

If a VREfm positive patient was re-admitted within the next six months, an alert in the electronic 

medical record showed that the patient was carrying a multi-resistant bacterium requiring 

isolation.13 Therefore, a VREfm outbreak was often initiated from an unknown VREfm-carrying 

index patient. 

Definition of an outbreak based on WGS

In this study the definition set for a WGS-defined outbreak was the appearance of minimum two 

isolates from the same ward within 30 days belonging to the same cluster by cgMLST.

Results

The median genome size of our VREfm isolates was 3,083,622 base pairs and the median 

coverage was 68 (range 30-162). An MST of all included samples was calculated, based on the 

allelic profiles from cgMLST (figure 2). For an overview of the identified ST and cgMLST CT, 

see supplementary table 1. Regarding the vanB isolates, the number of isolates for each cgMLST 

CT is shown in table 2.
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1690 isolates were included in the study, representing 1658 patients. Thirty-one patients had two 

isolates sequenced with more than one year in between. One patient had two isolates sequenced 

within the same month as they had vanA and vanB respectively. We identified 227 ward outbreaks 

constituting 45 unique clusters. The median duration of an outbreak was 20 days, ranging from 1 

to 240 days. We observed outbreaks in 23 of 52 wards.

1225 isolates were from patients in medical wards, constituting 162 outbreaks with a median 

duration of 20 days (range 1-240), covering 34 clusters and 15 wards. In surgical wards 237 

isolates were identified, constituting 33 outbreaks with a median duration of 17 days (range 1-73), 

spreading over 15 clusters and 6 wards.

A total number of 228 isolates were identified in intensive care units, constituting 32 outbreaks 

with a median duration of 24.5 days (range 2-123), spreading over 13 clusters and 2 wards (table 

1). 

The number of on-going outbreaks declined over time in both medical and surgical wards 

(supplementary figure 1), as there are more short-lasting outbreaks. In medical as well as surgical 

wards, half of the outbreaks were terminated after 3 weeks. In surgical wards we found the number 

of outbreaks per ward to be 2.2, compared to 4.8 outbreaks per ward in medical wards.

Ten of the 227 identified outbreaks lasted more than 100 days. These included five outbreaks at 

internal medicine wards, three outbreaks at a geriatric ward and two outbreaks at an intensive care 

unit. In 14 of the 23 wards, we observed two or more outbreaks occurring simultaneously or 

overlapping. Also shown in supplementary table 1, the clusters 1, 2, 3, 8, 9, 17, 19 and 25 

consisted of more than one cgMLST CT. 

Discussion

At Copenhagen University Hospital – Amager and Hvidovre, we perform microbiology 

diagnostics for six hospitals, and we have whole-genome sequenced the first positive VREfm 

isolate from each patient since 2012. This has generated an extensive collection from which 

important data can be retrieved and analysed. In this study, WGS data was used to determine the 

duration of a VREfm outbreak. In order to establish good infection control and screening A
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practices, the knowledge about outbreak duration and dissemination of VREfm is of great 

importance. 

Our findings show a median duration of outbreaks within the range of what has been found in 

previous studies, and we also find that outbreak duration varies greatly.11,15 The number of 

outbreaks as well as the number of outbreaks per ward, was largest in medical wards compared to 

surgical wards. Since complex infections are often treated in medical wards or the ICU, we expect 

the use of antibiotics to be higher in these wards, which has been proved in a Swiss study.19 

Higher consumption of antibiotics has been linked to acquisition of VREfm carriage, thus 

increasing the risk of outbreaks in hospital wards.6  

The probability of severe comorbidities in patients hospitalized at medical wards might explain the 

increased number of outbreaks here, as well as the longest-lasting outbreaks. The geriatric patient 

group with multiple comorbidities and longer hospital stays compared to other patient groups, are 

more likely to be hospitalized in geriatric wards or internal medicine wards. In a study by 

Broderick et al. they associated residents of long-term care facilities to VREfm blood isolates from 

a nearby hospital.20 As these residents are often hospitalized, they perpetuate this endemic 

situation. Three outbreaks lasting over 100 days were in geriatric wards and five were in internal 

medicine wards. An explanation could be that the geriatric patient group with comorbidities such 

as dementia sometimes failed to comply with isolation regimes. 

For the clusters containing more than one cgMLST CT, they would be considered as separate 

outbreaks if we only looked at cgMLST CT and no minimum spanning trees with clusters were 

performed. Opposingly, an outbreak defined by the infection control team based merely on 

epidemiological data, could contain many different cgMLST clusters which in our WGS study 

would be considered individual outbreaks. Regarding the ten outbreaks that lasted more than 100 

days, they belonged to clusters 1, 2 and 3, which are also the clusters consisting of more than one 

cgMLST CT. Therefore, longer outbreaks could be associated with greater allelic differences.

E. faecium is a highly recombinant species. Mainly the accessory genes are affected by 

recombination, but it has been reported that also the core genome including five of seven 

multilocus sequence type alleles have undergone recombination21–23. Genetic recombination can 

result in errors of phylogenetic analyses21, which is a limitation to our study. In this study, clusters 

were determined by cgMLST. cgMLST is based on 1423 core genes decreasing the discriminatory A
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power compared to SNP-analyses; however, we expect that the analysis was less affected by 

recombination by only looking at core genes. We saw a shift in dominant STs (ST80, ST117 and 

ST203) during the study period. Previous VREfm studies have indicated that most of the dominant 

clones were introduced to our region from abroad.3,24 As shown in the supplementary table the STs 

are each represented by multiple cgMLST CT indicating recombination events, natural evolution 

over time or introduction of new clones from abroad. 

Our study is limited by the lack of epidemiological data other than the ward where the sample was 

taken. We have not registered movements of patients from one ward to another. An unknown 

VREfm carrier patient moved from a ward with an ongoing outbreak to another ward can lead to 

continuation of the outbreak at the new ward. A similar situation occurs if a carrier patient is 

discharged before a VREfm screening has been performed and shortly after is admitted to a 

different ward and found to be VREfm positive. In our study those would count as two different 

outbreaks whilst being a continuation of the initial outbreak. 

We decided to include outbreaks with only two isolates in the study. Since we lack 

epidemiological data, we cannot tell whether these are isolates from two patients in the same 

room, which would not qualify as outbreaks by the definition of our infection control team, or if 

they are from different rooms, and thus real outbreaks according to our infection control team.

Conclusion

Regarding the aim of the study to evaluate the infection control strategies in our six hospitals, we 

conclude our strategies to be efficient with a median duration of outbreak of 20 days. It takes some 

time from an index patient is found until an outbreak has been identified, weekly screenings have 

been performed, additional cleaning of the patient rooms, and all VREfm carrier patients have 

been isolated. We use PCR tests for screening, which means a VREfm carrier patient can be 

isolated within 24 hours. These infection control strategies lead to termination of more than half of 

our outbreaks within three weeks. In addition, the study shows the value of WGS in VREfm 

outbreaks, and the ability to determine the duration of VREfm outbreaks in specific wards, based 

solely on WGS and cgMLST. 
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 Medical wards Surugical wards Intensive care 

units 

all 

Number of 

wards* 

35 15 2 52 

Number of 

isolates 

1225 237 228 1690 

Number of 

clusters 

34 15 13 45 

Number of 

outbreaks 

162 33 32 227 

Number of wards 

with outbreaks 

15 6 2 23 

Minimum 

duration of 

outbreaks (days) 

1 1 2 1 

Median duration 

of outbreaks 

(days) 

20 17 24.5 20 

Maximum 

duration of 

outbreaks (days) 

240 73 123 240 

 

Table 1. Number of wards, isolates, clusters and outbreaks in addition to duration of outbreaks for 

each ward and all wards summed up.  

*Number of wards at Bispebjerg, Glostrup, Hvidovre, Frederiksberg and Amager Hospitals, 

September, 2021.  

 

 



 

cgMLST CT n (%) 

36 6 (14.29) 

46 1 (2.38%) 

71 2 (4.76%) 

235 1 (2.38%) 

991 2 (4.76%) 

1065 1 (2.38%) 

1160 1 (2.38%) 

1180 2 (4.76%) 

1728 1 (2.38%) 

2342 1 (2.38%) 

2406 20 (47.62%) 

2852 1 (2.38%) 

2924 1 (2.38%) 

3007 1 (2.38%) 

3115 1 (2.38%) 

 

Table 2. Number of isolates for each cgMLST CT for the vanB isolates.  



 
 
 
 
 

 
 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 
 

 
 
Figure 1. Flowchart, adapted from 19. From a total of 2496 isolates, 1690 isolates were included in 
the final analysis. 
 

Analyzed isolates: 
n = 1690 
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Isolates assessed for eligibility: 
n = 1892 

Isolates excluded: 
Genome > 3.3 Mbp or <2.7 Mbp 
small and coverage <30  
n = 202 

Isolates screened: 
n = 2496 

Isolates excluded:  
isolates from general practice, 
environmental samples, 
emergency/observational units, 
outpatient clinics, hospital wards 
< 20 isolates.  
n = 604 
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