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Abstract

Background: The optimal extent of screening of contact patients (CoPat) after exposure to patients infected or colo-
nized with vancomycin-resistant enterococci (VRE) remains controversial.

Methods: We retrospectively developed a new risk stratification for screening patients exposed to VRE, based on
data from three outbreaks—two with Enterococcus faecium vanB and one with Enterococcus faecium vanA involving
1096 CoPat—in a low endemic setting. We classified them into four risk groups: three on environmental exposure,
one by healthcare exposure: high (sharing the same room/bathroom with a VRE-colonized patient), medium (hospi-
talization in the same room after a VRE-colonized patient’s discharge until terminal disinfection including ultraviolet
C (UVo)-disinfection), low (hospitalized in the same room within three weeks before the VRE-colonized patient), and
“staff” (screening of patients having the same medical care team).

Results: VRE-transmission occurred in 7.9% in the high-risk group compared to 0.6% and 0% in the medium and low
risk groups. There was a significant trend to higher rates of transmission by risk level of exposure (p <0.001). In the
“staff” group, VRE transmission rate was 2.3%.

Conclusion: Based on this stratification, we recommend to focus screening of exposed CoPat on the high-risk and
“staff”group, saving resources and costs, but larger studies will allow to further improve the yield of VRE screening in
the outbreak setting.
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Background

Outbreaks of vancomycin-resistant enterococci (VRE)
are an emerging problem of multidrug-resistant micro-
organisms (MDRO) even in low endemic countries such
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as Switzerland [1]. The CDC’s Containment Strategy
includes rapid identification, infection control assess-
ments, colonization screenings when needed, coordi-
nated response between facilities and continuation of
assessments and colonization screenings until the spread
is controlled, without specifying the recommended
measures, in particular the patients needed to screen
[2]. The Swiss national guidelines recommend contact
precautions for patients colonized or infected with VRE.
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Screening is recommended for any patient potentially
exposed to the index patient during the preceding four
weeks. In addition, patients exposed to VRE-infected
or colonized patients should also be kept under contact
precautions as long as screening results are pending [3].
The guideline was issued in 2018 after one of the largest
VRE outbreak in Switzerland was registered with more
than 500 colonized or infected patients involved [4]. This
epidemic has challenged the healthcare system in Swit-
zerland, given the fact that many patients are transferred
between healthcare institutions [5], and many hospitals
reported clusters traceable to the source hospital. The
evidence for contact precautions is based on cohort stud-
ies during outbreaks, but no strong clinical trial supports
its use in the endemic setting [6]. The effect of routine
glove and gown use for patients in intensive care units
(ICUs) failed to demonstrate a significant effect on VRE-
transmission [7]. In addition, VRE-colonized patients
rarely proceed to infections, except in immunocompro-
mised patients who are at increased risk of developing
bloodstream infections [8]. Therefore, some institutions
decided to discontinue contact precautions for VRE-col-
onized patients without recognized increase in transmis-
sion or infection rates [9, 10]. In addition, noninfectious
hospital adverse events, such as falls, declined after lift-
ing contact precautions [11]. After experiencing three
outbreaks with VRE at our institution with 1096 contact
patients (CoPat) involved, the impact of preemptive con-
tact precautions for patients exposed to VRE-colonized
or -infected patients was challenged to be a reasonable
approach to limit the spread of VRE in the outbreak set-
ting: the lack of isolation rooms, the additional costs
for contact precautions and the additional workload
for healthcare workers triggered a change of our policy
[12]. The group of Marc Bonten suggested preemptive
isolation of high-risk patients as part of the successful
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control of VRE outbreaks, but the term high-risk was not
well defined [13]. Therefore, we retrospectively strati-
fied CoPat by level of exposure to a VRE-colonized or
-infected patient, and evaluated the rate of transmission
during three outbreaks with Enterococcus faecium vanB
and vanA in a low endemic setting.

Methods

The University Hospital Basel, Switzerland, is an 850-
bed tertiary care center with a large stem cell and renal
transplantation center and approximately 38,000 admis-
sions per year. Routine surveillance of MDRO includes
screening of patients repatriated from abroad for
methicillin-resistant  Staphylococcus aureus (MRSA),
VRE, extended-spectrum betalactamase-producing
Gram-negatives (ESBL) and carbapenemase-producing
Gram-negatives (CPGN). Daily cleaning is extended to
terminal disinfection of rooms after patient discharge
with a surface disinfectant, a combination of quaternary
ammonium compounds and aldehydes (Deconex®, Borer
Chemie AG, Switzerland). However, when a patient with
VRE or CPGN has occupied a room, ultraviolet C (UVc)
light device (UVDI-360 room sanitizer, Valencia, Califor-
nia, USA) application twice for 20 min routinely followed
terminal disinfection [14].

Outbreak description

Between 2018 and 2019, we experienced two outbreaks
with VRE vanB (patients n=16 and n=3, respectively)
and one outbreak with VRE vanA (patients n=9) from
three index patients, all of them E. faecium. An outbreak
was defined as one newly positive tested patient. For the
analyses, we excluded all CoPat and index patients with
a refused general consent, resulting in the analysis of
two index patients (both VRE vanB) and 1096 patients at
risk for VRE vanB and/or VRE vanA (Fig. 1). Cases were

| 1198 CoPat |
T | 102 CoPat excluded due to refused
v 7 general consent
| 1096 CoPat |
CoPat from outbreak 1 with CoPat from outbreak 2 with CoPat from outbreak 3 with CoPat at risk for
Index colonized with VRE Index colonized with VRE Index colonized with VRE multiple
vanB ST117 (2018) vanB ST117 (2019) vanA ST375 outbreaks
VRE- VRE- VRE- VRE- VRE- VRE- VRE- VRE-
colonized negative colonized negative colonized negative colonized negative
CoPat CoPat CoPat CoPat CoPat CoPat CoPat CoPat
(N=15) (N=305) (N=2) (N=93) (N=8) (N=602) (N=0) (N=71)

Fig. 1 Flowchart of contact patients (CoPat) of the three outbreaks from 2018-2019. VRE = vancomycin-resistant enterococci
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defined as patients infected or colonized (defined as VRE
detection without any clinical signs of infection) with
VRE during the outbreak period with an epidemiologi-
cal link and a related strain to the index patient’s strain
confirmed by whole genome sequencing (WGS). CoPat
were defined as exposed to a VRE-infected or colonized
patient with either direct contact (hospitalization in the
same room or sharing the same bathroom) or indirect
contact through the same environment or staff (hospi-
talization in the same room within the preceding three
weeks or hospitalization in the same room after the index
patient until terminal disinfection including UVc disin-
fection was performed).

The outbreaks were contained after the introduction
of several infection control measures, including contact
isolation of colonized or infected patients, preemptive
contact isolation of risk patients in the high, medium,
and low risk groups, cohorting of the CoPat accord-
ing to their risk status and with designated staff for each
cohort, enhanced disinfection of the patient’s room and
the shared bathrooms. Infected or colonized patients as
well as patients at risk for colonization were tagged in
the electronic hospital information system. Ward-wide
screening was performed on the affected general medi-
cal and surgical wards and screening on admission after
transfer from another hospital of the same country was
introduced. Monthly screening of hematological patients
was already performed before the outbreaks, since they
represent a high-risk group for infections with VRE, and
was continued unmodified. CoPat were screened weekly
during their hospitalization and non-hospitalized CoPat
were screened in an ambulatory setting by rectal screen-
ings in the outpatient clinic or by a kit sent to their homes
for stool sample collection. CoPat were defined negative
after three consecutive culture-negative rectal screenings
(at least one week apart) or single negative stool sample
at the earliest eight weeks after exposure. Environmen-
tal screening of the affected wards including the shared
bathrooms was performed.

Screening and isolation of contact patients

Based on the Swiss national guidelines, we screened all
patients after exposure with VRE-infected or colonized
patients. Additionally, we screened all patients who had
been hospitalized in the same room as the index patient
in the preceding three weeks to identify an earlier index
patient, as well as patients hospitalized in the same room
after discharge of the index patient until terminal disin-
fection including UVc light disinfection. This situation
only occurred when patients were screened positive for
VRE after discharge at our institution. We classified the
CoPat into four risk groups:

Page 3 of 7

1. High: defined as sharing the same room and/or bath-
room with a VRE-colonized patient.

2. Medium: defined as hospitalization in the same room
after a VRE-colonized patient’s discharge until termi-
nal disinfection including UVc light disinfection.

3. Low: defined as hospitalized in a room within three
weeks before the VRE-colonized patient.

4. "Staft”: defined as all patients having the same medi-
cal care team as the index or another VRE-positive
patient and therefore being screened by ward-wide
screenings.

Screening was done during hospitalization or when
the patient was readmitted if this was within eight
weeks. Patients not hospitalized within eight weeks were
screened in an ambulatory setting. Ambulatory screening
was performed with either three consecutive rectal swabs
(at least one week apart) or one stool sample.

Microbiology and molecular typing

Any hospitalized VRE-exposed patient was screened
using three consecutive rectal swabs (at least one week
apart; eSwab' ", Copan Group, Brescia, Italia); ambu-
lant patients were screened by either three consecutive
rectal swabs (at least one week apart) or one stool sam-
ple. Samples were processed in VRE enrichment broth
(bioMérieux, Geneva, Switzerland) supplemented with
6 mg/L vancomycin for 24 h followed by ChromID VRE
agar incubated for 48 h (bioMérieux, Geneva, Switzer-
land). We identified the species using matrix-assisted
laser desorption/ionization time-of-flight mass spec-
trometry (MALDI Biotyper, Bruker Daltonics, Bremen,
Germany) and susceptibility testing was performed by
VITEK 2 (bioMérieux Inc., Durham, North Carolina,
USA). Presence of vanA or vanB was confirmed using
the Xpert vanA/vanB assay (Cepheid Inc., Sunnyvale,
California, USA). All isolates were further characterized
by whole genome sequencing (WGS) on MiSeq or Next-
Seq500 platforms (Illumina, San Diego, California, USA)
after library preparation using NexteraXT or Nexteraflex
(Ilumina) to minimum 40 X mean coverage and were
stored at —80° Celsius as previously described [4]. All
read data has been submitted to the European Nucleotide
Archive (ENA) under project number PRJEB41046. Mul-
tilocus sequence typing (MLST) and core genome MLST
(cgMLST) were defined within Ridom Seqgsphere + v6.0.2
[15], using the defined scheme [16]. Outbreaks were
defined as having no more than 20 alleles between iso-
lates and being epidemiologically related.

Statistical analysis
The statistical analyses were done using Python 3.8.5
(pandas 1.1.2, numpy 1.19.1, scipy 1.5.0, statsmodels



Blichler et al. Antimicrobial Resistance & Infection Control (2022) 11:60

0.11.1). Continuous variables were expressed as median
and interquartile range (IQR) and categorical variables as
frequencies and percentages. Categorical variables were
analyzed by chi-square test, and Cochran-Armitage test
for linear trends as applicable. Continuous variables were
analyzed by Wilcoxon Rank-Sum test. P-values of less
than 0.05 were considered as significant.

Data were generated as part of the ongoing qual-
ity improvement program not requiring approval from
the human subject committee: however, patients who
refused general consent for using their fully anonymized
data for clinical research were excluded. All analysis were
performed after removal of any identification of individ-
ual patient data.

Results

During 2018 to 2019, we experienced three outbreaks—
two with E. faecium vanB ST117 and one with E. faecium
vanA ST375, never detected before in our hospital. The
VRE-colonization rate at our institution was extremely
low with 0.042 and 0.066/1,000 patient days in 2016 and
2017, respectively, but increased with the outbreaks to
0.216 and 0.155/1,000 patient days in 2018 and 2019,
respectively [17]. Overall, 1198 CoPat were exposed
to VRE-colonized or —infected patients and we had to
exclude 102 due to refused general consent. Therefore,
1096 CoPat were included in the analysis (681 with vanA
ST375 and 486 with vanB ST117) (Fig. 1). Of the CoPat,
53.6% were male and the median age was 70 (IQR 57-80)
years (Table 1). The cgMLST minimum spanning tree of
all detected VRE strains during the outbreak period con-
firmed the epidemiological links clustering in three out-
breaks (Fig. 2). Only five epidemiologically non-related
VRE isolates were identified during the outbreak period,
all of them not clustering with the outbreak strains
according to the WGS typing. The outbreaks were con-
tained by increased and extensive infection control meas-
ures as described in the method section.

Table 1 Characteristics of VRE-positive
patients of all three outbreaks

and VRE-negative

VRE-positive patients VRE- p value*
(N=27) negative
patients
(N=1067)
Age, median (IQR) 80 (67-86) 70 (56-80)  0.01
Male sex, n (%) 12 (44.4) 579 (54.1) 043
VRE-unrelated death 2 (7.4) 82(7.7) 0.75

during follow-up,
n (%)

*Chi-square test for categorical variables, Wilcoxon Rank-Sum test for
continuous variables
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Risk based screening for CoPat—a proposal

Based on three outbreaks with VRE, we retrospectively
developed a risk stratification of CoPat based on their
exposure to a VRE-colonized or -infected patient. VRE-
transmission occurred in 7.9% in the high-risk group
(being exposed in the same room or bathroom) com-
pared to 0.6% and 0% in the medium and low risk groups,
respectively (Table 2). There was a significant trend to
higher rates of transmission by risk level of environmen-
tal exposure (p<0.001). VRE transmission rate was 2.3%
in the “staft” group (CoPat having the same medical care
team), considerably lower than in the high risk environ-
mental group (Table 2). No positive results were found
when screening took place more than eight weeks after
the exposure. The colonized patients had a median age of
80 (IQR 67-86) years and were male in 44.4%. Coloniza-
tion was detected with the first screening in 85.2% and
in second screening in 14.8%. No new colonization was
detected in the third screening. Screening of patients at
risk could not be completed in 7.7% of the patients at risk
due to VRE-non-related death and in 5.8% of the patients
due to loss of follow-up.

Discussion

After experiencing one outbreak with E. faecium vanA
ST 375 and two outbreaks with vanB ST117 from 2018
to 2019, we developed a new risk stratification for CoPat
exposed to VRE-colonized or—infected patients. This
risk stratification may allow to improve the yield of VRE-
screening based on the type of exposure to a VRE-posi-
tive patient in a very low endemic setting. According to
our results, low-risk and medium-risk patients do not
necessarily need immediate screening or even preemp-
tive contact isolation. It allows more rapid screening of
patients with high exposure risks and same medical care
team patients (“staft” group) saving time and financial
resources. Our findings show that our proposal of risk-
based screenings improves the yield of screenings of
CoPat. In the literature, definitions of high-risk CoPat
exposed to VRE are often ambiguous and ill defined.
Known risk factors for VRE acquisition in an outbreak
setting are hospitalization on the same ward as an index
patient without contact precautions, antibiotic treatment
with one or more antibiotics, alcoholism, and demen-
tia [12]. Our study adds a risk stratification of exposed
patients by type of exposure to an index patient depend-
ing on location at time of hospitalization as well as expo-
sure to the same medical care team. Since no positive
results occurred in the screenings performed after eight
weeks, further stratification of the high-risk patients by
time after exposure should be evaluated. This observa-
tion is supported by the results of Sohn et al. describing
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Fig. 2 cgMLST minimum spanning tree of the three outbreaks as well as the five non-related strains detected during the same period. The strains
belonging to outbreaks are shown with coloured outlines: first, red; second, green; third, blue. The final numbers of isolate names indicate the year
of isolation, and index cases are indicated with *. In two cases MLST could not be defined, as single MLST targets were not found in the genomes. In
two cases within outbreak one, the MLST was called as ST1478, a single locus variant from ST117 in pstS

a median colonization time of 5.57 weeks [20]. The
“staff” group should be analyzed in further studies tak-
ing account of additional risk groups. However, our study
adds to the knowledge of screening that one can safely
target at high-risk group, and keep medium- and low risk
groups as option, if an outbreak continues despite con-
tact precautions of the identified patients by high-risk
and “staff” group screening.

Our study has three important limitations. First, the
study was conducted in a low endemic setting and is
not necessarily applicable in high endemic settings.

However, it allowed us to better define such risk groups
and there are still many low endemic countries for VRE.
In addition, our results might also be useful for high
endemic regions. Second, even though we experienced
outbreaks with two different types of VRE, other strains
might have different outbreak potential and risk strati-
fication might be different. Third, the study is based on
clinical data collection based on strictly followed stand-
ard operation procedures during outbreaks, but data
are generated from a single center, and from a observa-
tional study. However, such clinical studies reflect daily
practice in hospitals, and therefore, might be more
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Table 2 VRE-positive patients and contact patients (CoPat) stratified by VRE vanA/B and risk type

Overall High risk’ Medium risk? Low risk? “staff"* p value*
VRE vanA/vanB
Number of patients at risk, N 1096 280 342 430 44 <0.001
VRE-positive patients, N (%) 25(2.3) 22 (7.9) 2 (0.6) 0(0) 1(2.3)
VRE vanA ST375
Number of patients at risk, N 681 120 295 262 <0.001
VRE-positive patients, N (%) 8(1.2) 6 (5.0) 2(0.7) 0(0) 0(0.0)
VREvanB ST117
Number of patients at risk, N 486 169 89 188 40 <0.001
VRE-positive patients, N (%) 17 (3.5) 16 (9.5) 0(0) 0(0) 1(2.5)

Some patients were exposed to both VRE vanA ST375 and vanB ST117 (see Fig. 1)

" High risk: sharing the same room or bathroom with a VRE-colonized patient

2 Medium risk: hospitalization in the same room immediately after a VRE-colonized patient’s discharge until terminal disinfection including UVc disinfection

3 Low risk: sharing the same room within 3 weeks before the VRE-colonized patient was hospitalized in index room

4 Same medical care team: all patients screened because of clinical suspicion during the outbreak by having the same medical care team as the index patient and

therefore being screened with ward-wide screenings
*Cochran-Armitage test for linear trends

generalizable than from randomized controlled trials
with well standardized protocols.

Conclusion

In conclusion, we propose a new risk stratification for
screening of CoPat exposed to VRE during in-hospital
outbreaks in a low endemic setting stratified by exposure
during hospitalization. A focus on screening of high-
risk exposed patients and patients taken care of by the
same medical care team appears to be the most effective
approach to detect transmissions for VRE. This new pro-
posal requires further testing to adjust and improve such
a stratification in other settings.

Abbreviations

cgMLST: Core genome multilocus sequence typing; CoPat: Contact patients;
CPGN: Carbapenemase-producing Gramnegatives; E. faecium: Enterococ-
cus faecium; ENA: European Nucleotide Archive; ESBL: Extended spectrum
B-lactamase; MDRO: Multidrug-resistant microorganisms; MLST: Multilocus
sequence typing; MRSA: Methicillin-resistant Staphylococcus aureus; UVc:
Ultraviolet C; VRE: Vancomycin-resistant enterococci; WGS: Whole genome
sequencing.

Acknowledgements
We thank the infection prevention and the clinical bacteriology laboratory
teams for their excellent work.

Author contributions

ACB, SR, MWJ, RF and AFW conducted the study, ACB, SR, MWJ, and VS
collected the clinical data, DG, VH, and AE did the microbiological work-up,
HMBSS analyzed the WGS data, SJ and ACB analyzed the clinical data, ACB
wrote the manuscript. All authors read and approved the final manuscript.

Funding
This study was supported by the University of Basel, Switzerland.

Availability of data and materials
All read data has been submitted to the European Nucleotide Archive (ENA)
under project number PRJEB41046.

Declarations

Ethical approval and consent to participant
All data was collected as routine surveillance and therefore, no ethical
approval was required by the local ethical committee.

Consent for publication
Patients with a refused general consent were excluded from the analysis.

Competing interests
The authors declare that they have no competing interests.

Author details

'Division of Infectious Diseases and Hospital Epidemiology, University
Hospital Basel, Petersgraben 4, 4031 Basel, Switzerland. >Clinical Bacteriology
and Mycology, University Hospital Basel, University of Basel, Basel, Switzer-
land. *Applied Microbiology Research Laboratory, University of Basel, Basel,
Switzerland.

Received: 13 November 2021 Accepted: 27 February 2022
Published online: 13 April 2022

References

1. PiezziV, Gasser M, Atkinson A, Kronenberg A, Vuichard-Gysin D, Harbarth
S, et al. Increasing proportion of vancomycin-resistance among entero-
coccal bacteraemias in Switzerland: a 6-year nation-wide surveillance,
2013 to 2018. Euro Surveill. 2020;25:1-9.

2. CDC CSG. https://www.cdc.gov/hai/pdfs/containment/Health-Response-
Contain-MDRO-H.pdf. Accessed 19 Jan 2022.

3. Vuichard-Gysin D, Schlegel M, Troillet N, Senn L, Marschall J, Blanc D, et al.
Temporary expert guidance for healthcare institutions to contain the
spread of vancomycin- resistant enterococci (VRE ) in Switzerland. VRE
Taskforce Swissnoso. 2018. https://www.swissnoso.ch/fileadmin/swiss
noso/Dokumente/1_Swissnoso_allgemein/180912_Temporary_expert_
guidance_for_healthcare_institutions_to_contain_the_spread_of_VRE_
final_1.0.pdf.


https://www.cdc.gov/hai/pdfs/containment/Health-Response-Contain-MDRO-H.pdf
https://www.cdc.gov/hai/pdfs/containment/Health-Response-Contain-MDRO-H.pdf
https://www.swissnoso.ch/fileadmin/swissnoso/Dokumente/1_Swissnoso_allgemein/180912_Temporary_expert_guidance_for_healthcare_institutions_to_contain_the_spread_of_VRE_final_1.0.pdf
https://www.swissnoso.ch/fileadmin/swissnoso/Dokumente/1_Swissnoso_allgemein/180912_Temporary_expert_guidance_for_healthcare_institutions_to_contain_the_spread_of_VRE_final_1.0.pdf
https://www.swissnoso.ch/fileadmin/swissnoso/Dokumente/1_Swissnoso_allgemein/180912_Temporary_expert_guidance_for_healthcare_institutions_to_contain_the_spread_of_VRE_final_1.0.pdf
https://www.swissnoso.ch/fileadmin/swissnoso/Dokumente/1_Swissnoso_allgemein/180912_Temporary_expert_guidance_for_healthcare_institutions_to_contain_the_spread_of_VRE_final_1.0.pdf

Buchler et al. Antimicrobial Resistance & Infection Control

20.

(2022) 11:60

Wassilew N, Seth-Smith HM, Rolli E, Fietze Y, Casanova C, Fihrer U, et al.
Outbreak of vancomycin-resistant Enterococcus faecium clone ST796,
Switzerland, December 2017 to April 2018. Euro Surveill. 2018. https://doi.
0rg/10.2807/1560-7917.£5.2018.23.29.1800351.

Buetti N, Wassilew N, RionV, Senn L, Gardiol C, Widmer A, et al. Emer-
gence of vancomycin-resistant enterococci in Switzerland: a nation-wide
survey. Antimicrob Resist Infect Control. 2019;8:16. https://doi.org/10.
1186/513756-019-0466-x.

De Angelis G, Cataldo MA, De Waure C, Venturiello S, La Torre G, Cauda R,
et al. Infection control and prevention measures to reduce the spread of
vancomycin-resistant enterococci in hospitalized patients: a systematic
review and meta-analysis. J Antimicrob Chemother. 2014;69:1185-92.
https://doi.org/10.1093/jac/dkt525.

Harris AD, Pineles L, Belton B, Johnson JK, Shardell M, Loeb M, et al. Uni-
versal glove and gown use and acquisition of antibiotic-resistant bacteria
in the ICU. JAMA. 2013;310:1571-80. https://doi.org/10.1001/jama.2013.
277815.

Johnstone J, Chen C, Rosella L, Adomako K, Policarpio ME, Lam F, et al.
Patient- and hospital-level predictors of vancomycin-resistant Ente-
rococcus (VRE) bacteremia in Ontario, Canada. Am J Infect Control.
2018;46:1266-71. https://doi.org/10.1016/j.3jic.2018.05.003.

Bearman G, Abbas S, Masroor N, Sanogo K, Vanhoozer G, Cooper K,

et al. Impact of discontinuing contact precautions for methicillin-
resistant staphylococcus aureus and vancomycin-resistant enterococ-
cus: an interrupted time series analysis. Infect Control Hosp Epidemiol.
2018;39:676-82.

Marra AR, Edmond MB, Schweizer ML, Ryan GW, Diekema DJ. Discontinu-
ing contact precautions for multidrug-resistant organisms: a systematic
literature review and meta-analysis. Am J Infect Control. 2018;46:333-40.
https://doi.org/10.1016/j.3jic.2017.08.031.

. Martin EM, Bryant B, Grogan TR, Rubin ZA, Russell DL, Elashoff D, et al.

Noninfectious hospital adverse events decline after elimination of
contact precautions for MRSA and VRE. Infect Control Hosp Epidemiol.
2018;39:788-96.

Roth JA, Hornung-Winter C, Radicke |, Hug BL, Biedert M, Abshagen C,

et al. Direct costs of a contact isolation day: a prospective cost analysis at
a Swiss University Hospital. Infect Control Hosp Epidemiol. 2018;39:101-3.
Mascini EM, Troelstra A, Beitsma M, Blok HEM, Jalink KP, Hopmans TEM,

et al. Genotyping and preemptive isolation to control an outbreak of
vancomycin-resistant Enterococcus faecium. Clin Infect Dis. 2006;42:739—
46. https://doi.org/10.1086/500322.

Anderson DJ, Knelson LP, Moehring RW, Lewis SS, Weber DJ, Chen LF,

et al. Implementation lessons learned from the benefits of enhanced
terminal room (BETR) disinfection study: process and perceptions of
enhanced disinfection with ultraviolet disinfection devices. Infect Control
Hosp Epidemiol. 2018;39:157-63.

Jinemann S, Sedlazeck FJ, Prior K, Albersmeier A, John U, Kalinowski J,

et al. Updating benchtop sequencing performance comparison. Nat
Biotechnol. 2013;31:294-6.

De Been M, Pinholt M, Top J, Bletz S, Mellmann A, Van Schaik W, et al. Core
genome multilocus sequence typing scheme for high-resolution typing
of enterococcus faecium. J Clin Microbiol. 2015;53:3788-97.

Blchler AC, Dangel M, Tschudin-sutter S, Widmer AF. Does high adher-
ence to contact precautions lead to low in-hospital transmission of multi-
drug-resistant micro-organisms in the endemic setting? J Hosp Infect.
2021;11(116):53-9. https://doi.org/10.1016/j,jhin.2021.07.002.

Mathis B, Haine M, Girard R, Bonnefoy M. Risk factors for vancomycin-
resistant enterococcus acquisition during a large outbreak in patients
aged 65 years and older. BMC Geriatr. 2019;19:377. https://doi.org/10.
1186/512877-019-1398-2.

Fossi Djembi L, Hodille E, Chomat-Jaboulay S, Coudrais S, De Santis N,
Gardes S, et al. Factors associated with Vancomycin-resistant Ente-
rococcus acquisition during a large outbreak. J Infect Public Health.
2017;10:185-90. https//doi.org/10.1016/}jiph.2016.04.010.

Sohn KM, Peck KR, Joo EJ, Ha YE, Kang Cl, Chung DR, et al. Duration of
colonization and risk factors for prolonged carriage of vancomycin-
resistant enterococci after discharge from the hospital. Int J Infect Dis.
2013;17:€240-6. https://doi.org/10.1016/}.ijid.2012.09.019.

Page 7 of 7

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.2807/1560-7917.ES.2018.23.29.1800351
https://doi.org/10.2807/1560-7917.ES.2018.23.29.1800351
https://doi.org/10.1186/s13756-019-0466-x
https://doi.org/10.1186/s13756-019-0466-x
https://doi.org/10.1093/jac/dkt525
https://doi.org/10.1001/jama.2013.277815
https://doi.org/10.1001/jama.2013.277815
https://doi.org/10.1016/j.ajic.2018.05.003
https://doi.org/10.1016/j.ajic.2017.08.031
https://doi.org/10.1086/500322
https://doi.org/10.1016/j.jhin.2021.07.002
https://doi.org/10.1186/s12877-019-1398-2
https://doi.org/10.1186/s12877-019-1398-2
https://doi.org/10.1016/j.jiph.2016.04.010
https://doi.org/10.1016/j.ijid.2012.09.019

	Patients exposed to vancomycin-resistant enterococci during in-hospital outbreaks in a low endemic setting: a proposal for risk-based screening
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Outbreak description
	Screening and isolation of contact patients
	Microbiology and molecular typing
	Statistical analysis

	Results
	Risk based screening for CoPat—a proposal

	Discussion
	Conclusion
	Acknowledgements
	References


