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Abstract

Detection of vancomycin-resistant Enterococcus faecium (VRE) is hampered by low sensitivity of rectal swab cultures. This
study aimed to define the number of screening cultures needed to increase sensitivity to detect VRE transmission, and to
determine time from presumed exposure to detectable colonization. In a tertiary care setting, we retrospectively analyzed
data from 9 VRE outbreaks. As a proxy or estimation for time to detectable colonization, the time between first positive
culture of the presumed index patient and that of their contacts was determined. Only 64% of secondary cases were positive
in the first out of five cultures. By using the first three out of five rectal swabs, 89% (95%CI: 78-95%) of all secondary cases
would have been identified. The median number of days between the positive culture of the index patient and the first posi-
tive culture of secondary cases was 9 days. Eleven percent of secondary cases would have been missed if only three rectal
samples would have been obtained. Furthermore, our results show that one or more rectal swabs taken around day 9 after
presumed exposure should at least be included in the screening approach. In our setting, obtaining a fourth and a fifth rectal
swab showed a relevant additional value compared to only one to three swabs. Our findings are useful for determining the
most effective VRE contact tracing approach to prevent transmission.
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Introduction

Vancomycin-resistant Enterococcus faecium (VRE) is a
microorganism associated with hospital acquired infections
(HAI) and colonization. Worldwide, the prevalence of VRE
increases, and combined with its ability to survive in the
hospital environment despite cleaning and disinfection this
is a microorganism of concern [1]. Although its pathogenic-
ity seems to be low for most patients, immunocompromised
patients have an increased risk to develop VRE infections
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[2, 3]. Case fatality rates of VRE infections have been shown
to be highest in these patients, who are mainly admitted to
hematology and oncology departments [4]. A meta-analysis
showed that most risk factors for VRE acquisition, includ-
ing prior vancomycin administration and use of invasive
medical devices, are linked to these same patient groups
[2]. Additionally, duration of intensive care unit (ICU) stay
was shown to be an independent risk factor for new VRE
acquisitions [5]. Because its high tenacity and resistance
to disinfection procedures, early detection of patients who
are colonized or infected with VRE is important to prevent
transmission to other patients and to the hospital environ-
ment [1, 6, 7].

Control of nosocomial transmission and halting VRE out-
breaks is therefore necessary, but often challenging because
there are difficulties in detecting VRE carriage [1, 8]. Sensi-
tivity of a single rectal swab was estimated at around 40 to
80%, with increasing sensitivity when taking multiple swabs
[7-9]. Therefore, the Dutch guideline recommends three to
five rectal swabs, with each swab taken on a separate day and
the last swab taken at least 7 days after the last exposure, as
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the most optimal approach to detect VRE carriers [10]. This
is based on the supposedly intermittent shedding pattern of
VRE; however, evidence for this approach is limited. The
limited evidence and lack of consensus resulted in differ-
ences in infection prevention and control (IPC) strategies in
hospitals within and between countries [1, 11]. Therefore,
the aim of this current study was to determine the number of
screening cultures needed to detect VRE carriers in outbreak
settings, in order to determine the increase in sensitivity of
any additional culture with a maximum of five. Furthermore,
we aimed to determine the time from presumed exposure
to detectable colonization, by studying the time interval
between the sample date of the positive culture of the first
detected patient with VRE and that of secondary cases.

Methods
Study design and setting

This retrospective observational study was conducted in the
Erasmus MC University Medical Center (Erasmus MC),
a tertiary care center in Rotterdam, the Netherlands, from
January 2010 until January 2018. During the study period,
this hospital consisted of 1200 beds, organized into 48
departments. The adult ICU department comprised of three
high-level ICU wards; each ward consisting of only single-
occupancy rooms. Permission for the use of these data was
obtained from the medical ethical research committee from
the Erasmus MC (MEC-2015-306). Participation of patients
is authorized through passive informed consent via elec-
tronic patient charts. Eligible patients were cross-checked
with the opt-out list. Patients who did not allow that their
data were to be used for research were not included in the
study population.

Study population, definitions, and culture data

Data on positive VRE cultures from patients of all ages
were extracted from our laboratory information system for
the period January 1, 2010 until January 31, 2018. From
these patients, additional data were collected, such as his-
tory of hospital admission(s), and data on VRE cultures
(e.g., date of sampling, van gene); including positive clini-
cal cultures and all screening cultures (i.e., positive and
negative). In our hospital, screening cultures to detect VRE
were taken from patients who were admitted in a hospital
abroad <2 months ago or underwent surgery in a hospi-
tal abroad, or from patients who were in a contact tracing
around a positive index patient. In the Erasmus MC, con-
tact tracing for VRE after an unexpected finding of VRE
was common practice since 2008. Contact tracing methods
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differed during the study period. A summary can be found
in Online Resource 1. Additionally, reports from the Unit
Infection Prevention of the department of Medical Microbi-
ology and Infectious Diseases containing information about
index patients and secondary cases were also used.

A patient was defined as index patient when identified as
positive for VRE in a culture and when this finding initiated
a contact tracing. Secondary cases were defined as patients
found positive in screening cultures resulting from contact
tracing. The screening policy during the study period was
to obtain a minimum of five rectal swabs on consecutive
days, as soon as the index patient was detected and con-
tact patients were identified and informed. Index patients
(i.e., first VRE finding in a clinical sample), patients with a
sample taken for screening purposes other than contact trac-
ing (i.e., admitted in a hospital abroad), and patients with a
VRE strain that was different than the strain from the index
patient (i.e., vanA/vanB mismatch) were excluded. Further-
more, patients reported to be VRE-positive in other hospitals
prior to admission at the Erasmus MC were excluded.

Laboratory methods

A positive VRE culture was defined as growth of Enterococ-
cus faecium in a culture of any specimen, with phenotypic
resistance to vancomycin (i.e., minimal inhibitory concen-
tration [MIC] for vancomycin of >4 mg/L) and/or presence
of the vanA or vanB gene confirmed by PCR on the isolate.

During the study period, the protocol for VRE screening
slightly changed (Online Resource 2). An enrichment broth
was used throughout the whole study period.

Time needed to detect colonization

To estimate the time needed after which VRE colonization in
secondary cases could be detected, data from IPC patient reports
were used. As a proxy for time needed to detect VRE transmis-
sion (i.e., detectable VRE colonization in secondary cases after
exposure), we calculated the number of days between the sample
date of the positive VRE culture of the index patient and the
sample date of the first positive VRE culture of the secondary
case. This analysis was performed only if detailed admission
data (e.g., room numbers during hospital stay) were available.

Statistical analysis

Data were plotted in Microsoft Excel or GraphPad Prism.
IBM Statistical Package for the Social Sciences Solutions
(SPSS) version 25 (IBM Corp., Armonk, New York, USA)
was used for all analyses.
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Results
Characteristics of the study population

Between January 2010 and January 2018, VRE was found
in cultures from 135 patients. To identify the secondary
cases, index patients, and VRE carriers first detected in
other laboratories were excluded (Fig. 1). Additionally,
screening cultures obtained for other purposes than contact
tracing were excluded (Fig. 1). The remaining 70 VRE-
positive isolates belonged to patients defined as contacts
and therefore part of contact tracing in our hospital. Since
seven patients carried a VRE strain that was different than
the index patient, these were excluded (i.e., vanA/vanB
mismatch). Subsequently, two patients were first found
positive in the sixth or eighth culture, which was outside
the scope of our analysis of five rectal swabs. Finally, a
total of 61 patients were included in this study (Fig. 1).

Patients cultured positive for VRE
January 1 2010 until January 31 2018
(n=135)

Screening specimens
(n=108)

Screening specimens from VRE contact investigations
within the Erasmus MC
(n=70)

Included in the study
(n=61)

Number of screening cultures taken on
consecutive days

T

Of these 61 patients, 37 (61%) were male, and the median
age was 61 years (range 11-84 years old). Nine (15%) and
four (7%) patients were screened during or after admission
on ICU and hematology wards, respectively. Most patients
(n=35, 57%) were screened during outbreaks at one of the
surgical departments in 2015 (Online Resource 3). During
the study period, nine outbreaks were documented, with an
extent ranging from 2 to more than 30 patients in each out-
break (Online Resource 3).

Number of screening cultures needed to detect VRE
transmission

To assess the number of cultures needed to detect VRE
carriage, the 61 secondary cases were evaluated (over-
view in Online Resource 4). For 41 patients (67.2%), five
screening cultures were obtained on five consecutive days
(Fig. 1). Twenty patients had 1 to 4 cultures taken (32.8%),

Excluded (n=27)
- Clinical specimen (n=20)
- Strain from other laboratory (n=7)

Excluded (n=38)

- Screening after admission in a hospital abroad (n=21)
- Detected or included in a contact investigation in
other hospital (n=6)

- SDD screening culture (n=11)

Excluded (n=9)

- Other strain detected than outbreak strain;
vanA/vanB mismatch (n=7)

- First positive VRE culture after five screening cultures
(n=2)

1 (n=7) 2 (n=5)

3 (n=1)

4 (n=7)

5 (n=32)

>5 (n=9)!

Fig. 1 Flow diagram of patient inclusion. Erasmus MC, Erasmus MC
University Medical Center; VRE, vancomycin-resistant Enterococ-
cus faecium; SDD, selective digestive tract decontamination [12].

Patients cultured positive in screening cultures 1-5, however, more
than five screening cultures were available
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of which seven patients were screened only once, most of
whom early in the study period when obtaining five cul-
tures was not routine and established practice yet (Fig. 1,
Online Resource 4).

Of the 61 secondary cases, 39 patients (63.9%) were
positive for VRE in the first obtained rectum swab (Fig. 2).
The second or third culture as first positive was observed
in seven (11.5%) and eight (13.1%) patients, respectively.
However, five patients (8.2%) were found positive for the
first time in the fourth culture and two patients (3.3%) in
the fifth culture (Fig. 2). Overall, 88.5% (95% confidence
interval 77.8-95.3%) of patients (n=>54) included in contact
tracing were positive for VRE in the culture from the first,
second, or third obtained rectal swab. When four or more
swabs were obtained (which was the case for 48 out of 61
patients; 78.7%), seven (out of 61; 11.5%) additional VRE
carriers were identified. After first being cultured positive,
25 out of 61 patients (41.0%) had one or more consecutive
negative screening cultures (Online Resource 4).

Time to detect VRE transmission

For 53 out of 61 patients positive for VRE in contact trac-
ing (86.9%), the probable index patient could be identified
based on concurrent stay on the same ward and agreement in
presence of vanA or vanB gene. For two out of 53 patients,
the probable index patient was identified in another hospital;
these patients were therefore excluded for further analysis

4th
n=5 (8%)

3rd
n=8 (13%)

2nd

1
n=7 (12%) 2

n=39 (64%)

Fig.2 The numbers (n) and proportions (%) of patients first identified
as positive for VRE in the culture of the first, second, third, fourth, or
fifth rectal swab are depicted for in total 61 secondary cases identified
in VRE contact tracing
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because of missing data. Therefore, the proxy parameter was
available for 51 out of 61 patients (83.6%).

Out of 51 contact patients, seven (13.7%) were admitted
at or after the date the index patient was identified as VRE-
positive (median= 3 days, ranging from O to 6 days). This
is possible because the date of identification of the index
patient is the sample date, not taking the laboratory work
into account until the patient is known as being positive,
cared for with contact precautions, and thus the contact trac-
ing is initiated. The remaining 44 patients were admitted at
the time of identification of the index patient for a median of
17 days (ranging from 1 to 86 days). At the time of identifi-
cation of the contact patients, contact patients were admit-
ted together with the index patient for a median of 24 days,
(ranging from 3-74).

We determined whether the proxy parameter was linked
to the rectal swab number of the first positive culture of a
secondary case. When plotting the data by group (1% until 5
culture positive), we observed that a median of 9 days (inter-
quartile range: 9) had passed after the positive culture of the
index, before the secondary patient cultured positive (Fig. 3).
With regards to the seven patients who were first cultured
VRE-positive in the 4% or 5™ culture, six could be analyzed.
The number of days between the positive culture of the index
patient and the first positive VRE culture of those six second-
ary cases were 9, 9, 10, 11, 16, and 31 days (Fig. 3).

Discussion

The main finding of this study was that seven secondary
cases (11%) would have been missed if only three rectal
samples would have been obtained instead of five. Conse-
quently, 89% of secondary cases of VRE transmission were
identified in three consecutive rectal swab cultures.

Data on the number of cultures needed to detect VRE
colonization after in-hospital transmission are so far lim-
ited. One previous study reported on the number of cul-
tures needed to detect VRE transmission [13]. During an
outbreak in Australia, 172 VRE carriers from one outbreak
were analyzed. When three rectal swabs were acquired,
84% of carriers were detected. Four or five screening sam-
ples increased sensitivity to 92% and 95%, respectively,
supporting our finding that an approach with more than
three cultures leads to a higher VRE colonization detec-
tion rate.

Likewise, Frakking et al. reported on a large outbreak
with three VRE clones, in which they found a detection rate
of 95% after taking five consecutive rectal samples [14].
In contrast to this, Fonville et al. concluded that one nega-
tive PCR for vanA and vanB on a single rectum swab, after
overnight incubation in enrichment broth, was sufficient to
replace five screening cultures, even though they missed 1
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Fig.3 Y-axis: the number of
days between the sample date 351
of the first positive culture of
the index patient and the sample
date of the first VRE-positive
screening culture of the second- 301
ary case. a Number of days
between sample date of the first
positive vancomycin-resistant
Enterococcus faecium (VRE)
culture of the index patient

and of the 51 secondary cases.
Data were categorized for the
consecutive swab number in
which VRE was first detected; 20+
the symbols represent the first

positive culture in a screening

set. For cases positive in first

(circle), second (triangle), or 15-
third culture (square), closed

symbols were used. For cases

with four cultures (circle) or

five cultures (triangle) needed

to be able to detect VRE, open 10
symbols were used. b Box-plot

indicating the number of days

between sample date of the first

positive culture of the index 5
patient and of the 51 secondary

cases; median= 9, interquartile

range (IQR) =9

out of 20 VRE-positive patients with this approach [15].
They, however, focused on the negative predictive value
of qPCR compared to VRE culture with the purpose of
reducing the pressure on isolation capacity. The authors
have derived similar detection percentages of secondary
cases in VRE contact tracing with a comparable screen-
ing protocol to ours (around 80% and 95% after four and
five screening cultures, respectively; J. Fonville, personal
communication).

Our current policy is to start screening for VRE
transmission on the day a new VRE-positive patient
is identified, to be able to define the extent of an out-
break early and be ahead of further transmission. This is
under debate since colonization of a new host and subse-
quent detection by rectal swab culture might take some
time. No clear data is published on the time to estab-
lish detectable colonization by VRE. Our study results
indicate that day 9 after presumed exposure should be
included in the contact tracing period and that starting
contact tracing at a later time point might be useful.
Furthermore, it could be hypothesized that the number
of cultures needed to detect VRE transmission might
then be reduced, although intermittent shedding would
still be a relevant issue. There are some drawbacks in
this scenario. First, our study estimated the moment of

35-
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transmission by taking the day of VRE detection in the
assumed index patients as moment of exposure, and only
including vanA/vanB matches. Therefore, we hypothe-
size that the actual duration from the day of transmis-
sion from the index patient to the day of detection in
a contact patient is longer than 9 days. Therefore, the
9 days is the minimum number of days. Also, by the
above scenario, it takes a longer time to trace transmis-
sion, meaning that there would be more time for ongoing
transmission, unless some IPC measures are taken for
patients at risk. The need for more (isolation/cohort)
rooms, more personal protective equipment and more
personnel for contact precautions will lead to higher
costs for appropriate healthcare, in addition to adverse
effects on the patient’s wellbeing. Interestingly, the
estimated median time needed for colonization appears
quite long, although such data have to our knowledge not
been published before. One of the explanations might
be a sampling delay, since screening cultures were also
obtained from patients who were already discharged at
time of contact tracing. These patients received swabs
per mail and were asked to take cultures and send these
back to the hospital by mail. Sending out culture sets and
sending back specimens takes more time than obtaining
rectal swabs from in-hospital patients.

@ Springer
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Limitations

There are a few remarks concerning our study. First, the
retrospective, single center nature of the analysis. Sec-
ond, we only analyzed up to 5 screening samples, as is
policy in our hospital based on the national guideline.
Also, early in the study period obtaining five cultures was
not routine yet, so secondary patients could have been
missed. Third, our laboratory protocols for detection of
VRE changed over the study period. Since sensitivity of
screening could differ by applying other or newer meth-
ods, we analyzed using 2 pre-defined time periods (meth-
ods 1 and 2 compared to method 3 as defined in Online
Resource 2) if the number of first positive VRE cultures
changed over time; we could confirm that this did not
change over time.

Conclusion

In our setting, a fourth and fifth rectal screening culture
added a considerable number of secondary VRE cases com-
pared to screening with three rectal swabs. This increased
the detection rate with at least 11%. Furthermore, our result
show that one or more rectal swabs taken around day 9 after
presumed exposure should at least be included in the screen-
ing approach. This implies that besides the number of swabs
that are taken, also the timing of swabs after presumed expo-
sure is of importance. Our results may give guidance on
changing guidelines with respect to the most optimal timing
and number of screening cultures. This will lead to a more
efficient VRE contact screening procedure. However, it is
preferable that these results will be confirmed in a larger
(multicenter) setting.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10096-023-04632-7.
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