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Screening for Vancomycin-resistant Enterococci (VRE) carriage

This document describes laboratory methods of screening for VRE carriage. It does not include recommendations on
indications for screening, sampling methods or equipment used. Infection control measures for established VRE carriage should
be determined by national public health and infection control authorities.

Introduction

Enterococci are part of the normal human intestinal microbiota, but can also cause community-acquired and nosocomial
infections such as urinary tract infections, intraabdominal infections and endocarditis. Enterococcus faecium and Enterococcus
faecalis are the clinically most relevant species and acquired resistance for vancomycin and other glycopeptides is increasing in
these two species (1). Glycopeptide resistance in enterococci is mediated by van gene complexes, which cause changes in cell
wall precursors. VanA and vanB are by far the most common acquired resistance genes and are both found on mobile gene
elements, enabling horizontal gene transfer (2). Other acquired vancomycin resistance genes are less common and include e.g.
vanD (3). Enterococcus gallinarum and Enterococcus casseliflavus, on the other hand, are naturally vancomycin resistant, and
carry chromosomal vanC genes, but rarely present an infection control problem.

VanA VRE are typically vancomycin resistant with high minimal inhibitory concentrations (MIC; > 64 mg/L) and teicoplanin
resistant (MIC> 16 mg/L) while VanB VRE are typically vancomycin resistant (variable MIC, 4 - 32 mg/L), but teicoplanin
susceptible (MIC <2 mg/L) (2). While the vanA gene complex has mainly been described in Enterococcus spp., vanB can also
be found in anaerobic bacteria (4;5). Therefore, with regard to the detection of VRE, the positive predictive value of detecting
vanB in a stool sample can be much lower than for vanA.

Recently, enterococci harbouring silenced vanA gene clusters, thus being phenotypically susceptible, have been described and
designated vancomycin variable enterococci (VVE). The detection of VVE is clinically relevant, because reversion to a
vancomycin resistant phenotype has been described both after in vitro and in vivo exposure to vancomycin (6-8). Moreover,
VanB type VRE with vancomycin MICs as low as 1 mg/L have been described and designated low-MIC VRE (9). Their low MIC
is due to weak induction of vanB expression by vancomycin. Still these isolates can mutate to become resistant during
glycopeptide exposure both in vitro and in vivo and thus may cause treatment failure (10;11).

In hospital outbreaks, it has been shown that VRE detected in clinical samples only represent a small part of the VRE burden
and that at least 10 times more VRE positive patients may be identified by screening patients for faecal carriage (12). VRE
carrier status is often prolonged (several months) (13) and there is no treatment for VRE carrier state.

For VRE screening purposes, rectal swabs or faeces can be used. If the patient has a stoma, a swab from the stoma is used
instead of a rectal swab.

Laboratory screening strategies

Screening can be based on selective culturing methods or molecular methods. An overnight enrichment step can be used to
increase sensitivity. Often these methods are combined and the precise protocol will depend on the epidemiological situation
(outbreak versus non-outbreak situation), the need for rapid results, availability of methods and resources.

In outbreak situations, screening protocols can be tailored to phenotypic characteristics of the outbreak strain, e.g. by
enrichment with additional antibiotics.

Based on the current epidemiology of VRE in the Nordic countries, VRE screening should cover the species E. faecalis and E.
faecium and the resistance genes vanA and vanB.

For surveillance purposes and typing, detection of VRE by molecular methods is usually confirmed by culture.

Figure 1 gives an overview of screening strategies.
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Figure 1: Overview of different screening strategies.
*A positive vanA result directly on the sample or after enrichment can be used to predict VRE carriage (high positive predictive
value), whereas a positive vanB results has low specificity and must be confirmed by culture.

Description of the methods
1.Culture-based detection of VRE

Culture-based VRE screening relies on selective plates, e.g. Bile Esculin Azide agar or chromogenic plates containing
vancomycin. Plates are usually incubated for 48 hours, meaning that a negative result can be obtained in 2 days, if the sample
is plated directly on the selective plate and in 3 days, if overnight enrichment is used.

Overnight enrichment in growth media (e.g. BHI) supplemented with vancomycin increases sensitivity (14). If enrichment is
used, the sample is transferred into the selective enrichment broth. Vancomycin concentration should be low enough (4 mg/L) to
ensure the growth of vanB positive isolates with low vancomycin MICs. Addition of 10 mg/L oxgall to media not containing bile,
also when confirming vancomycin resistance by MIC testing, have shown to increase both the sensitivity and specificity in
detection of low-MIC VRE (9). Addition of aztreonam (e.g. 60 mg/L) inhibits the growth of Gram negative organisms. The broth
should be incubated overnight at 35-37° C in ambient air and the next day, an aliquot of incubated enrichment broth
(recommended 100ul) is plated on a selective VRE agar plate. In an outbreak situation, it is important to ensure that the
outbreak strain is not inhibited by the enrichment broth and/or selective plates used.

Several studies of chromogenic plates have shown high specificity and sensitivity (14-16), but vanB positive isolates with a low
vancomycin MIC can be inhibited (17). As an alternative to a chromogenic plate, other vancomycin-containing agar plates may
be used or an agar plate with a vancomycin disk. The plate is incubated at 35-37° C in ambient air and should be read after 1
and 2 days incubation to increase sensitivity (18).

Growth of VRE-like colonies on the chromogenic or other selective plate has to be confirmed by species identification and
susceptibility testing for vancomycin and teicoplanin. Confirmation of resistance genes with PCR is recommended.

2.Molecular detection of VRE

Molecular methods are based on detection of the resistance genes vanA and vanB by PCR, with the potential of providing
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results within hours. PCR can either be performed directly on the sample, or on enrichment broth.

There are several commercial assays and in-house methods available. For different assays and in various settings, sensitivities
of 43.5% to 100% and specificities from 79.2% to 99.7% have been reported for the detection of vanA (18-27). As the vanB
gene is not unique to enterococci and can be found in other bacterial species in the human gut, the diagnostic accuracy of vanB
detection is poor due to low specificity (20;23;26) and positive vanB results must therefore be confirmed by culture. However,
lowering the cycle threshold (CT) cut-off value has been shown to increase the positive predictive value for a positive vanB PCR
result, when performed on enrichment broth (28).

References
Original publications

(1) Cattoir V, Leclercq R. Twenty-five years of shared life with vancomycin-resistant enterococci: is it time to divorce? J
Antimicrob Chemother 2013 Apr;68(4):731-42.

(2) Werner G, Coque TM, Hammerum AM, Hope R, Hryniewicz W, Johnson A, et al. Emergence and spread of
vancomycin resistance among enterococci in Europe. Euro Surveill 2008 Nov 20;13(47). pii: 19046.

(3) Hegstad K, Sundsfjord A, Bjgrnholt JV, Jakovljev A. VanD-type vankomycinresistente enterokokker identifisert for
forste gang i Norge. https://unn.no/fag-og-forskning/k-res/vand-type-vankomycinresistente-enterokokker-identifisert-for-
forste-gang-i-norge; accessed 02-12-2017.

(4) Ballard SA, Pertile KK, Lim M, Johnson PD, Grayson ML. Molecular characterization of vanB elements in naturally
occurring gut anaerobes. Antimicrob Agents Chemother 2005 May;49(5):1688-94.

(5) Graham M, Ballard SA, Grabsch EA, Johnson PD, Grayson ML. High rates of fecal carriage of nonenterococcal
vanB in both children and adults. Antimicrob Agents Chemother 2008 Mar;52(3):1195-7.

(6) Sivertsen A, Pedersen T, Larssen KW, Bergh K, Ronning TG, Radtke A, et al. A Silenced vanA Gene Cluster on a
Transferable Plasmid Caused an Outbreak of Vancomycin-Variable Enterococci. Antimicrob Agents Chemother 2016
Jul;60(7):4119-27.

(7) Szakacs TA, Kalan L, McConnell MJ, Eshaghi A, Shahinas D, McGeer A, et al. Outbreak of vancomycin-
susceptible Enterococcus faecium containing the wild-type vanA gene. J Clin Microbiol 2014 May;52(5):1682-6.

(8) Thaker MN, Kalan L, Waglechner N, Eshaghi A, Patel SN, Poutanen S, et al. Vancomycin-variable enterococci can
give rise to constitutive resistance during antibiotic therapy. Antimicrob Agents Chemother 2015 Mar;59(3):1405-10.

(9) Grabsch EA, Chua K, Xie S, Byrne J, Ballard SA, Ward PB, et al. Improved detection of vanB2-containing
enterococcus faecium with vancomycin susceptibility by Etest using oxgall supplementation. J Clin Microbiol 2008
Jun;46(6):1961-4.

(10) Lefort A, Arthur M, Depardieu F, Chau F, Pouzet C, Courvalin P, et al. Expression of glycopeptide-resistance gene
in response to vancomycin and teicoplanin in the cardiac vegetations of rabbits infected with VanB-type Enterococcus
faecalis. J Infect Dis 2004 Jan 1;189(1):90-7.

(11) San MA, Depardieu F, Godreuil S, Courvalin P. VanB-type Enterococcus faecium clinical isolate successively
inducibly resistant to, dependent on, and constitutively resistant to vancomycin. Antimicrob Agents Chemother 2009
May;53(5):1974-82.

(12) Mascini EM, Bonten MJ. Vancomycin-resistant enterococci: consequences for therapy and infection control. Clin
Microbiol Infect 2005 Jul;11 Suppl 4:43-56.

(13) Byers KE, Anglim AM, Anneski CJ, Farr BM. Duration of colonization with vancomycin-resistant Enterococcus.
Infect Control Hosp Epidemiol 2002 Apr;23(4):207-11.

(14) Kuch A, Stefaniuk E, Ozorowski T, Hryniewicz W. New selective and differential chromogenic agar medium,
chromID VRE, for screening vancomycin-resistant Enterococcus species. J Microbiol Methods 2009 Apr;77(1):124-6.
(15) Peltroche-Llacsahuanga H, Top J, Weber-Heynemann J, Lutticken R, Haase G. Comparison of two chromogenic
media for selective isolation of vancomycin-resistant enterococci from stool specimens. J Clin Microbiol 2009
Dec;47(12):4113-6.

(16) Delmas J, Robin F, Schweitzer C, Lesens O, Bonnet R. Evaluation of a new chromogenic medium, ChromID VRE,
for detection of vancomycin-resistant Enterococci in stool samples and rectal swabs. J Clin Microbiol 2007
Aug;45(8):2731-3.

(17) Adler H, Oezcan S, Frei R. Vancomycin-resistant Enterococci of vanB genotype may pose problems for screening
with highly selective media. J Clin Microbiol 2010 Jun;48(6):2323.

(18) Holzknecht BJ, Hansen DS, Nielsen L, Kailow A, Jarlov JO. Screening for vancomycin-resistant enterococci with
Xpert(R) vanA/vanB: diagnostic accuracy and impact on infection control decision making. New Microbes New Infect 2017
Mar;16:54-9.

(19) Fang H, Nord CE, Ullberg M. Screening for vancomycin-resistant enterococci: results of a survey in Stockholm.
APMIS 2010 May;118(5):413-7.

(20) Mak A, Miller MA, Chong G, Monczak Y. Comparison of PCR and culture for screening of vancomycin-resistant

Sida3av 4


https://unn.no/fag-og-forskning/k-res/vand-type-vankomycinresistente-enterokokker-identifisert-for-forste-gang-i-norge

Metoddokument: VRE Forst publicerad: 2017-12-11 08:45 Utgava: 1
Titel: Screening for Vancomycin-resistant Enterococci (VRE) carriage Uppdaterad: 2017-12-11 08:45 Revision: 0
Agare: Barbara Holzknecht
Godkéand av: Dagfinn Skaare

Utskriven av: anonym 2025-12-19

Enterococci: highly disparate results for vanA and vanB. J Clin Microbiol 2009 Dec;47(12):4136-7.

(21) Marner ES, Wolk DM, Carr J, Hewitt C, Dominguez LL, Kovacs T, et al. Diagnostic accuracy of the Cepheid
GeneXpert vanA/vanB assay ver. 1.0 to detect the vanA and vanB vancomycin resistance genes in Enterococcus from
perianal specimens. Diagn Microbiol Infect Dis 2011 Apr;69(4):382-9.

(22) Zabicka D, Strzelecki J, Wozniak A, Strzelecki P, Sadowy E, Kuch A, et al. Efficiency of the Cepheid Xpert
vanA/vanB assay for screening of colonization with vancomycin-resistant enterococci during hospital outbreak. Antonie
Van Leeuwenhoek 2012 Mar;101(3):671-5.

(23) Werner G, Serr A, Schutt S, Schneider C, Klare |, Witte W, et al. Comparison of direct cultivation on a selective
solid medium, polymerase chain reaction from an enrichment broth, and the BD GeneOhm VanR Assay for identification
of vancomycin-resistant enterococci in screening specimens. Diagn Microbiol Infect Dis 2011 Aug;70(4):512-21.

(24) Babady NE, Gilhuley K, Cianciminio-Bordelon D, Tang YW. Performance characteristics of the Cepheid Xpert vanA
assay for rapid identification of patients at high risk for carriage of vancomycin-resistant Enterococci. J Clin Microbiol 2012
Nov;50(11):3659-63.

(25) Stamper PD, Cai M, Lema C, Eskey K, Carroll KC. Comparison of the BD GeneOhm VanR assay to culture for
identification of vancomycin-resistant enterococci in rectal and stool specimens. J Clin Microbiol 2007 Oct;45(10):3360-5.
(26) Bourdon N, Berenger R, Lepoultier R, Mouet A, Lesteven C, Borgey F, et al. Rapid detection of vancomycin-
resistant enterococci from rectal swabs by the Cepheid Xpert vanA/vanB assay. Diagn Microbiol Infect Dis 2010
Jul;67(3):291-3.

(27) Gazin M, Lammens C, Goossens H, Malhotra-Kumar S. Evaluation of GeneOhm VanR and Xpert vanA/vanB
molecular assays for the rapid detection of vancomycin-resistant enterococci. Eur J Clin Microbiol Infect Dis 2012
Mar;31(3):273-6.

(28) Zhou X, Arends JP, Kampinga GA, Ahmad HM, Dijkhuizen B, van BP, et al. Evaluation of the Xpert vanA/vanB
assay using enriched inoculated broths for direct detection of vanB vancomycin-resistant Enterococci. J Clin Microbiol
2014 Dec;52(12):4293-7.

National guidelines

Finland: Kolho, Lyytikéinen, Jalava. Ohje moniresistenttien mikrobien tartunnantorjunnasta. THL-Ohjaus 22/2017
http://urn.fi/lURN:ISBN:978-952-302-943-9

Norway: Handtering av vankomycinresistente enterokokker (VRE) ved norske sykehus og sykehjem
https://www.fhi.no/sv/forebygqging-i-helsetjenesten/smittevern_i_institusjoner/tiltak/handtering-av-vankomycinresistente-
[#mikrobiologisk-diagnostikk

Sweden: Vankomycinresistenta enterokocker — VRE. Kunskapsunderlag samt Folkhdlsomyndighetens
rekommendationer fér att begrénsa smittspridning med VRE
https://www.folkhalsomyndigheten.se/contentassets/6c2d9425367f4dde80a63d312c614d2e/vankomycinreistenta enterokocker-

vre.pdf

Denmark: Screening for beerertilstand af Vancomycin Resistente Enterokokker (VRE)
http://dskm.dk/wp-content/uploads/2016/10/Vancomycin-Resistente-Enterokokker-screeningsprotokol-okt-2016.pdf

Sida4 av 4


http://urn.fi/URN:ISBN:978-952-302-943-9
https://www.fhi.no/sv/forebygging-i-helsetjenesten/smittevern_i_institusjoner/tiltak/handtering-av-vankomycinresistente-/#mikrobiologisk-diagnostikk
https://www.folkhalsomyndigheten.se/contentassets/6c2d9425367f4dde80a63d312c614d2e/vankomycinreistenta_enterokocker-vre.pdf
http://dskm.dk/wp-content/uploads/2016/10/Vancomycin-Resistente-Enterokokker-screeningsprotokol-okt-2016.pdf

	Introduction
	Laboratory screening strategies
	Description of the methods
	1.Culture-based detection of VRE
	2.Molecular detection of VRE

	References
	Original publications
	National guidelines


