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SUMMARY

Background: In Dutch hospitals a six-point questionnaire is currently mandatory for risk
assessment to identify carriers of multidrug-resistant organisms (MDROs) at the time of
hospitalization. Presence of one or more risk factors is followed by pre-emptive isolation
and microbiological culturing.
Aim: To evaluate the yield of the universal risk assessment in identifying MDRO carriers
upon hospitalization.
Methods: A cross-sectional study was performed using routine healthcare data in a Dutch
tertiary hospital between January 1%, 2015 and August 1°¢, 2019. MDRO risk assessment
upon hospitalization included assessment of: known MDRO carriage, previous hospital-
ization in another Dutch hospital during an outbreak or a foreign hospital, living in an
asylum centre, exposure to livestock farming, and household membership of a meticillin-
resistant Staphylococcus aureus carrier.
Findings: In total, 144,051 admissions of 84,485 unique patients were included; 4480
(3.1%) admissions had a positive MDRO risk assessment. In 1516 (34%) admissions micro-
biological screening was performed, of which 341 (23%) yielded MDRO. Eighty-one patients
were categorized as new MDRO carriers, as identified through MDRO risk assessment,
reflecting 0.06% (95% confidence interval: 0.04—0.07) of all admissions and 1.8% (1.4—2.2)
of those with positive risk assessment. As a result, the number of ‘MDRO risk assessments
needed to perform’ and individual ‘MDRO questions needed to ask’ to detect one new
MDRO carrier upon hospitalization were 1778 and 10,420, respectively.
Conclusion: The yield of the current strategy of MDRO risk assessment upon hospital-
ization is limited and it needs thorough reconsideration.
© 2020 The Author(s). Published by Elsevier Ltd
on behalf of The Healthcare Infection Society. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Dissemination of multidrug-resistant micro-organisms
(MDROs) in healthcare settings may lead to more infections
caused by MDROs, which may reduce effectiveness of empirical
antibiotic therapy [1—4]. The hospital setting facilitates
patient-to-patient transmission of MDROs because of high
antibiotic selective pressure, frequent contact between
healthcare workers and patients, and vulnerability of patients
to acquire carriage with MDROs. Optimizing control strategies
is therefore important to prevent dissemination and associated
risks of infections caused by MDROs. Hospital-based surveil-
lance is recommended for timely detection of MDRO carriage
and installation of transmission-based precautions. In the
Netherlands, hospitals have adopted a risk-based screening for
asymptomatic MDRO carriage upon admission. This originated
in the mid-1980s to control the emergence of meticillin-
resistant S. aureus (MRSA), as one of the elements of the
Dutch ‘search and destroy’ strategy [5—10]. Over the years,
this risk-based screening has been extended also to control
other MDROs, such as multidrug-resistant Gram-negative bac-
teria (MDR-GNB) [11,12]. MDRO risk assessment is, for each
patient, based on a six-point questionnaire that needs to be
checked upon admission. These questions include risk factors
for carriage of MRSA, MDR-GNB, and vancomycin-resistant
enterococci (VRE). In patients at risk of MDRO carriage,
according to this screening, pre-emptive transmission-based
precautions should be installed and screening cultures should
be obtained. Adherence to this strategy is monitored by the
Dutch Healthcare Inspectorate and thereby standard practice
in all Dutch hospitals. Yet, this approach requires time for
questioning patients, pre-emptive isolation measures that may
affect care of other patients, and resources for microbiological
testing. The benefits of the strategy have not yet been
quantified.

The aim of the current study was to evaluate the current risk
assessment for screening of MDRO carriage upon hospital
admission in a Dutch tertiary care hospital. We therefore
determined the number of newly identified MDRO carriers and
the number of questions needed to ask to identify one new
MDRO carrier. The detected prevalence of MDRO carriage was
also compared with the expected prevalence of MDRO carriage
in the Dutch population upon hospital admission.

Methods
Study design

This observational study was performed in the University
Medical Center Utrecht (UMCU) in the Netherlands. The UMCU
is a tertiary care medical centre with 1042 beds for adults and
children, all medical specialties represented, and around
180,000 inpatient days per year. A cross-sectional study using
routinely collected healthcare data was performed of all hos-
pital admissions between January 1%, 2015 and August 1%,
2019. For this study we extracted data from all hospital
admissions with completion of the MDRO risk assessment in the
electronic medical record (EMR) on the same day as hospital-
ization. A hospital admission was defined as any admission to
any ward, including admissions for single-day treatments, and
for all ages. Characteristics available per admission were age,

sex, and length of stay (LOS). Results of this study were
reported following the Strengthening the Reporting of Obser-
vational studies in Epidemiology (STROBE) criteria [13].

MDRO risk assessment

The screening strategy consisted of two consecutive steps.
Step one was an individual 6-item risk assessment for MDRO
carriage. The six questions referred to: (1) known MDRO car-
riage, (2) previous hospitalization in another Dutch hospital
during the past two months with an ongoing outbreak during
hospitalization, (3) previous hospitalization in a foreign hospi-
tal in the past two months, (4) living in an asylum shelter, (5)
professional exposure to livestock farming (i.e. living pigs, veal
calves, or broilers), and (6) living with a known MRSA carrier
(the entire questionnaire is reproduced in Supplementary
Table S1). The MDRO assessment was obligatory and embed-
ded in the EMR, to be completed within 24 h for each patient
admitted, visiting the emergency department or outpatient
clinic for preoperative screening. This also included short-stay
admissions, e.g. day treatment (i.e. for colonoscopy, labour) or
short admissions to the coronary care unit. During the study
period, adherence to the screening strategy was 90.3%,
meaning that an MDRO risk assessment was performed on the
day of admission in 90.3% of all hospital admissions. Answers of
the assessment remained valid for 62 days after completion
and answers were automatically completed if a new assess-
ment was started within this time-window. In case of more than
one MDRO assessment obtained on the day of admission, only
the first one was used for the current study. A positive MDRO
risk assessment was defined as at least one question answered
with ‘yes’. A positive assessment automatically generated an
isolation label in the EMR with a responsive order for pre-
emptive transmission-based precautions for that patient. The
second step entailed obtaining targeted screening cultures
from these patients, unless someone was a known carrier and/
or there were culture results with MDROs that had been
obtained in the past two months. Targeted screening cultures
consisted of a throat, nose and perineal swab in case of risk
factors for MRSA carriage, and a throat, nose, rectal and per-
ineal swab in case of risk of MDR-GNB carriage (i.e. previous
hospitalization in foreign hospital). Presence of other MDROs
was only assessed upon indication (e.g. specific previous car-
riage, specific outbreak in previous hospital). If screening cul-
tures yielded MDROs, transmission-based precautions were
continued; if not, the EMR isolation label was removed and
transmission-based precautions were discontinued. All steps
were co-ordinated semi-automatically by the infection pre-
vention (IP) specialists, who manually reviewed answers of
positive MDRO assessments within 24 h and who modified
infection control measures, where needed. IP specialists were
also automatically notified in case of any (screening or clinical)
culture yielding MDROs and manually assigned isolation labels
in the EMR if transmission-based precautions were needed.

Microbiology

We collected microbiological results of screening cultures
during the study period. Screening cultures were defined as
nasal, throat, rectal, or perineal swabs obtained on the day of
admission or on the day thereafter in patients with a positive
MDRO assessment (Supplementary Table S2). MDROs included
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MRSA, VRE, extended-spectrum B-lactamase (ESBL)-producing
and/or multidrug-resistant Enterobacterales (ESBL/MDR-E),
carbapenem-resistant Enterobacterales (CRE), multidrug-
resistant Acinetobacter spp. (MDR-A), carbapenem-resistant
Acinetobacter spp., multidrug-resistant Pseudomonas aerugi-
nosa, cotrimoxazol-resistant Stenotrophomonas maltophilia,
and penicillin-resistant Streptococcus pneumoniae (PSP)
(Supplementary Table S3). The categories ESBL/MDR-E and CRE
were mutually exclusive (i.e. strains categorized as ESBL/MDR-E
were not carbapenem-resistant, because we categorized these
separately). Definitions of MDRO were based on the Dutch
Working Party Infection Prevention (WIP) guidelines and were
adapted to local definitions of the UMCU if applicable [12].

Ethics approval

This study was performed in line with the Declaration of
Helsinki, as revised in 2013 [14]. Because this study did not fall
under the scope of the Medical Research Involving Human
Subjects Act (in Dutch: ‘WMQ’), the Medical Research Ethics
Committee of the UMCU waived the need for official approval
by the UMCU Ethics Committee (IRB correspondence number
18—574C) and individual informed consent was not obtained.
All data were analysed and stored pseudonymized.

Statistical analyses

‘The number of MDRO risk assessments to perform’ and ‘the
number of MDRO assessment questions needed to ask’ to
detect one new MDRO carrier upon hospital admission were
determined by dividing the total number of admissions and the
corresponding MDRO assessment questions by the total number
of newly identified MDRO carriers, respectively. The positive
predictive value (PPV) was determined for each of the indi-
vidual questions of the MDRO assessment. The PPV was calcu-
lated as the number of admissions in which the question was
answered positively and screening identified new MDRO car-
riage, divided by the total number of times the question was
answered positively. Naturally, patients admitted might
already have an isolation label in the EMR (usually based upon
prior culture results), yet, in routine care, such patients are
also part of the risk assessment. Therefore, in admissions with
a positive MDRO assessment and with MDRO in screening cul-
tures, the presence of prior isolation labels in the EMR was
determined. The observed prevalence of detected MDRO car-
riage through risk assessment was compared to expected MDRO
carriage of the Dutch population, based on recent studies (if
available; of the last 10 years), to estimate the proportion of
MDRO carriers that still remained undetected upon admission.

False-positive risk assessment leads to unnecessary (pre-
emptive) isolation days until screening cultures turn out to be
negative for MDROs. In the absence of our risk assessment
strategy, true positives would remain undetected until clinical
cultures yield MDROs or until patient discharge. Therefore, the
length of stay until the first clinical culture yielding MDRO was
determined for admissions with newly identified MDRO carriage
identified through risk assessment. In absence of MDRO in
clinical cultures, the total duration of hospital stay was used.
This length of time was used as a proxy for the maximum
duration of pre-emptive transmission-based precautions
gained by the screening strategy. The total number of unjus-
tified isolation days was calculated as the total number of

isolation days until negative screening results were available.
Data on the exact time-stamps of when culture results became
available in the patient’s EMR were not available. We therefore
assumed 0.5 days until a negative MRSA culture (based upon
rapid polymerase chain reaction testing of nasal swabs) and 1.5
days for other MDRO cultures (based upon conventional
cultures).

Data were reported with means + standard deviation (SD),
medians with interquartile range (IQR) or percentages, where
appropriate. Ninety-five percent confidence intervals (Cls) of
proportions were calculated using the Exact method [15]. All
statistical analyses were performed with Statistical Package
for Social Sciences V.25.0.2 (SPSS, Chicago, IL, USA) and R
Version 3.4.1.

Results
Study population

In all, 171,974 MDRO assessments of non-cancelled admis-
sions were obtained. As two or more assessments were
obtained in 27,923 (16.2%) admissions, exclusion of duplicate
assessments led to 144,051 hospital admissions of 84,485
unique patients for analyses (Figure 1). The median age of
admissions was 49 years (IQR: 19—67) and 48.0% (N = 69,197)
were female. Median length of stay (LOS) was 1 day (IQR: 0—4)
and 65.6% (N = 92,992) of all admissions included an overnight
stay.

| January 1st, 2015 — August 1st, 2019

174,529  Admissions with one or more MDRO risk-
assessments on day of hospitalization

2555 (1.5%) Belonged to cancelled

admissions

A 4
171,974 Admissions with one or more MDRO risk-
assessments on day of hospitalization

27,923 (16.2%) Multiple MDRO risk
— assessments within one
admission

N

144,051 Admissions with first MDRO risk-assessment on
day of hospitalization (84,485 unique patients)

.

Admissions with one or more MDRO risk
factors present

'

Admissions with screening cultures
obtained

.

Admissions with screening cultures MDRO
positive

|
. .

Isolation label in EMR 81(23.8%) Admissions of newly
before hospitalization detected MDRO carriers

4480 (3.1%)

1516 (33.8%)

341 (22.5%)

260 (76.2%)

Figure 1. Study flowchart.
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Identification of new MDRO carriers

In total, 4480 (3.1%) admissions had a positive MDRO
assessment and pre-emptive transmission-based precautions
installed, which was mainly based on the presence of known
carriage with MDRO (N = 3206, 71.6%) (Table I). In 1516
(33.8%) of these admissions, screening cultures were
obtained, of which 341 (22.5%) yielded MDROs (Figure 1).
Predominant reasons for not obtaining screening cultures
(N = 2964 admissions) were known MDRO carriage status
(2307, 77.8%) or re-categorization to low risk by IP specialists
(406, 13.7%). Of the remaining 253 (8.5%) episodes, discharge
was on the same day as admission in 109 (3.7%) and reasons
for not obtaining screening cultures were unknown in 144
(4.9%) admissions.

In all, 81 admissions (of 81 unique patients) were catego-
rized as newly identified MDRO carriers due to the MDRO risk
assessment screening strategy (Figure 1). This reflected 0.06%
(81/144,051; 95% Cl: 0.04—0.07) of all admissions and 1.8%
(81/4480; 95% Cl: 1.4—2.2) of all admissions with a positive
risk assessment. In 260 (76.2%) admissions with MDRO growing
in screening cultures, an isolation label was already present in
the EMR at the time of hospitalization. Of these, seven (2.7%)
were succeeding admissions of MDRO carriers identified
through previous positive MDRO risk assessment (i.e. were
second or third admissions of ‘newly identified MDRO
carriers’).

Fifty-two (64.2%) and 26 (32.1%) of the 81 newly identified
MDRO carriers carried MDR-E/ESBL-E and MRSA, respectively.
MDR-E isolates (that were ESBL negative, N = 33) were
defined as isolates that were resistant to fluoroquinolones
and aminoglycosides, but susceptible to carbapenems. The
MDRO risk assessment strategy identified CRE carriage (rectal
carriage with OXA-48-like Enterobacter cloacae and OXA-48

Table |

Klebsiella pneumoniae, respectively) in two patients with
recent hospitalization abroad, and one VRE carrier with
known carriage due to screening in another hospital. The
number of newly identified MDRO carriers through risk-based
screening was stable over time (Supplementary Table S4) and
the identified MDRO per risk factor is listed in Supplementary
Table S5.

MDRO risk assessment

Positive predictive values of the individual questions for
identifying new MDRO carriage ranged from 1.0% (95% ClI:
0.7—1.3) for ‘Are you a known carrier of an MDRO?’ to 7.0% (95%
Cl: 4.3—11.1) for 'Did you live in an asylum shelter during the
past 2 months?’ (Table I). Yet, the number needed to ask of the
individual questions to detect one new MDRO carrier ranged
from 4647 for ‘Are you a known carrier of an MDRO?’ to 71,563
for ‘Are you a household member of an MRSA carrier?” The
numbers of ‘MDRO risk assessments needed to perform’ and
individual ‘MDRO-questions needed to ask’ to detect one new
MDRO carrier upon hospital admission were 1778 (144,041/81)
and 10,420 (844,031/81), respectively.

When comparing the observed prevalence of newly identi-
fied carriers based on the screening strategy to the perceived
prevalence of MDRO carriage upon hospital admission based on
recent epidemiological studies in the Netherlands, we esti-
mated that the current MDRO risk assessment screening strat-
egy detected only <1%, <1%, <2%, and 18.2% of all admissions
of ESBL-E, VRE, CRE, and MRSA carriers, respectively (Table ).

MDRO in clinical cultures during hospital stay

In 1279 (0.9%) of all hospital admissions, clinical cultures
yielded MDRO during hospital stay, of which 59.8% (N = 765)

Admissions with positive multidrug-resistant organism (MDRO) risk assessment, positive MDRO screening cultures and positive predictive

value for new identified MDRO carriage per question

Question No. of times Answered Screening cultures  New identified PPV (%) NNAP
asked positively obtained MDRO carriage® (95% ClI)

1. Are you a known carrier of an MDRO 144,051 3206 (2.3%) 901 (28.1%) 31 (3.4%) 1.0 (0.7—1.3) 4647
(e.g. MRSA, VRE, MDR-GNR)?

2. During the past 2 months, were you 143,394 200 (0.1%) 46 (23.0%) 3 (6.5%) 1.5 (0.5—4.4) 47,798
hospitalized in another Dutch hospital
during a known MDRO outbreak?

3. During the past 2 months, were you 143,747 673 (0.5%) 372 (55.3%) 34 (9.1%) 5.0 (3.9-6.5) 4228
hospitalized in a foreign hospital?

4. In the past 2 months, did you live in 115,376 187 (0.2%) 106 (56.7%) 13 (12.3%) 7.0 (4.3—11.1) 8875
an asylum shelter?

5. Do you work with living pigs, veal 143,351 340 (0.2%) 141 (41.5%) 8 (5.7%) 2.4 (1.2—4.5) 17,919
calves or broilers?

6. Are you a household member of an 143,126 116 (0.1%) 54 (46.6%) 2 (3.7%) 1.7 (0.4—-6.5) 71,563
MRSA carrier?

One or more of six questions answered 144,051 4480 (3.1%) 1516 (33.8%) 81 (5.3%) 1.8 (1.5-2.2) 1778
positively

PPV, positive predictive value; NNA, number needed to ask; Cl, confidence interval; MRSA, meticillin-resistant S. aureus; VRE, vancomycin-resistant

enterococcus; MDR-GNR, multidrug-resistant Gram-negative rod.

2 Individual columns count up to >81 because risk assessment could contain a positive reply to multiple questions.
b *Number of questions needed to ask’; calculated as the total number of times the question was asked divided by the number of newly identified

MDRO carriers with a positive reply to this question.

¢ This question was added to the risk assessment on October 21°¢, 2015.
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Table I

Estimated proportion of multidrug-resistant organism (MDRO) carriers detected upon hospital admission by the current MDRO screening

strategy

Prevalence of newly identified carriage upon
admission by risk-based screening
(95% Cl): current study (%)

Estimated prevalence of carriage Estimated proportion detected by

upon admission: inferred from
other Dutch studies® (%)

risk-based screening (%)

ESBL-positive
Enterobacterales
MRSA
Carbapenem-resistant
Enterobacterales
VRE

0.03 (0.02—0.04)

0.02 (0.01—0.03)
0.001 (0.0002—0.005)

0.0007 (0.00002—0.004)

6.4t07.0 [16] 0.4t0 0.5
0.11 [17] to 0.13 [18] 15.4 to 18.2
<0.06 [19] to 0.25 [20—22] ° 0.4t01.7
1.3 [22] to 1.5 [23,24]° 0.05

Cl, confidence interval; ESBL, extended-spectrum B-lactamase; MRSA, meticillin-resistant S. aureus; VRE, vancomycin-resistant enterococcus.
@ The aim was to estimate the prevalence of carriage upon hospital admission in the Netherlands for the different types of MDRO. In case there was
no information from Dutch studies that measured actual prevalence upon hospital admission, best available evidence was used from other settings

(see below).

b Estimates for carbapenem-resistant Enterobacterales carriage upon admission derived from point-prevalence surveys in patients during

admission and population-based studies on community intestinal carriage.

¢ Estimates for VRE carriage upon admission derived from point-prevalence surveys in patients during admission and a population-based study on

community intestinal carriage.

had negative MDRO risk assessment at the time of admission. Of
the 765 admissions with a negative risk assessment upon
admission and a clinical culture positive for MDRO, the most
common identified MDRO were ESBL/MDR Enterobacterales
(73.6%) (Supplementary Tables S6 and S7). In 297 (39%), 127
(17%), 43 (6%) and 298 (39%) of these admissions the clinical
culture was obtained the day of admission, on day 1, day 2, and
from day 3 onwards, respectively, resulting in a proportion of
61% and 39% admissions classified as admissions with
community-acquired and hospital-acquired MDRO infection
(Supplementary Figure S1).

In 12 (14.8%) of the 81 admissions with newly identified
MDRO carriage, the same type of MDRO was also identified in
(N = 17) clinical cultures during hospital stay. For these 12
admissions, the median LOS until MDRO detection in clinical
cultures was 4 days (IQR: 2—6), and the total number of hos-
pitalization days was 53. Most clinical cultures were from urine
(N =5/17, 29.4%) (Supplementary Table S8). The total LOS of
the 69 MDRO carriers that would not have been detected
without risk-based screening was 513, making 566 days of
unprotected ward stay that was prevented by the screening
strategy. The total number of unjustified isolation days due to
false-positive risk assessment was calculated as 1436 days.

Discussion

In this analysis of 144,051 hospital admissions, a strategy of
risk-based screening for MDRO carriage upon hospital admission
identified previously unknown MDRO carriage in 0.06% (95% Cl:
0.04—0.07) of all admissions and in 1.8% (95% Cl: 1.4—2.2) of all
admissions of patients considered to be at high risk of MDRO
carriage. The numbers of ‘MDRO risk assessments needed to
perform’ and individual “MDRO risk assessment questions nee-
ded to ask’ to detect one new MDRO carrier upon hospital
admission were 1778 and 10,420, respectively.

The calculated numbers needed to ask are underestimated,
as 16% of admissions had more than one MDRO risk assessment
completed on the same day, and these copy-assessments were
excluded from the analysis. If included, the numbers of “MDRO
risk assessments actually performed’ and ‘MDRO risk assessment

questions actually asked’ to detect one new MDRO carrier upon
admission would have been 2123 (171,974/81) and 12,440
(1,007,640/81), respectively. If at a conservative estimate, 1 min
of labour time was spent per MDRO risk assessment and 1 min for
administration, then at least 160 working weeks of 36 h were
spent on performing assessments during these four-and-a-half
years. This reflects at least two working weeks spent per newly
identified MDRO carrier (160 weeks divided by 81 new carriers).

Newly identified carriers were most often colonized with
ESBL-producing and/or Enterobacterales strains resistant to
both an aminoglycoside and ciprofloxacin (70%); however, the
value of screening for these MDROs upon admission for the
prevention of transmission and hospital-acquired infections is
not well established [25—27]. In our study, the prevalence of
newly detected ESBL carriage upon admission was 0.03% (95%
Cl: 0.02—0.04) — considerably lower than the prevalence of
faecal ESBL carriage in the Dutch community, which was 5% in
randomly selected subjects and 6.4—7.0% upon admission to
our hospital [16,19]. Thus, in our hospital, we estimated that
the proportion of ESBL carriers who remained undetected upon
admission despite risk-based screening was probably >99%. For
CRE and VRE the proportion of undetected carriers was equally
high, being >98% and >99%, respectively.

The second most common MDRO in new carriers was MRSA
(26%), which was identified in 0.02% (95% Cl: 0.01—0.03%) of all
admissions. Screening and pre-emptive isolation of high-risk
patients for MRSA has been an important part of the Dutch
‘search and destroy’ policy for the prevention of MRSA trans-
mission [6—8,17,28—31]. In our study, positive predictive val-
ues to detect — among others — MRSA carriage ranged from
2.4% (95% Cl: 1.2—4.5%) (working with living pigs, veal calves,
or broilers) to 5.0% (95% Cl: 3.9—6.5%) (previous hospitalization
in a foreign hospital). Still, the presence of these risk factors
was rare and even lowest for the question about being a
household member of an MRSA carrier (0.1%), which needed to
be asked 71,563 times in order to identify one new MRSA carrier
upon hospital admission. In a recent analysis of routine uni-
versal preoperative screening for nasal S. aureus carriage
during a 7-year period in another Dutch hospital, the preva-
lence of MRSA carriage was 0.13%, comparable to the reported
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prevalence of 0.11% upon admission in a study performed eight
years earlier [17,18]. Assuming a similar prevalence in patients
admitted to our hospital would imply that the current screen-
ing strategy identified only 15% of all MRSA carriers upon
admission, suggesting that 85% remained undetected. This is in
line with other studies reporting that currently a large pro-
portion of MRSA carriers do not have the classical risk factors
(i.e. as inquired with our risk assessment) for MRSA carriage
[7,32—-34].

The assessment question on known MDRO carriage had the
highest yield, as it was answered positively in 2.8%. Indeed, 76%
(N = 260) of all patients with an MDRO positive screening cul-
ture were already labelled in our EMR as a known MDRO carrier,
of which 2.7% (N = 7) were readmissions of patients who had
received this label due to previous risk-based screening. This
implied that if the risk assessment would have been replaced
by the use of existing MDRO labelling in the EMR, then 74% (253/
341) of admissions of MDRO carriers — that were now identified
by risk-based screening — would still be captured.

Typically, the unexpected identification of an MDRO carrier
during admission (i.e. through a positive clinical culture) is
associated with extra workload, for screening of exposed
roommates or healthcare workers of the index patient. This is
not needed if the carrier has already been identified upon
admission (and thus transmission-based precautions have
already been installed). In our study, only 15% (N = 12) of
detected carriers had a clinical culture positive for MDRO
during admission, for which contact tracing would have been
implemented if screening upon admission had not been
applied. We estimated that abandoning risk-assessment-based
screening would have led to 566 patient-days without pro-
tective measures for MDRO carriers in the 4.5 years of the
observation period. The number of prevented episodes of
cross-transmission due to the identification of new MDRO car-
riers upon admission is difficult to determine. Yet, as the vast
majority of MDRO carriers remained undetected, we consider
that these 566 days add little to the total number of patient-
days without protective measures for — unknown — MDRO
carriers.

A strength of the current analysis was the combination of
routine care data and medical microbiology information of 90%
of all admissions during the predefined study period. There are
also important limitations of this study that should be
acknowledged. First, retrograde manual changes to the MDRO
risk assessment during hospital admission could not be
retrieved. It is therefore not excluded that the MDRO risk
assessment (e.g. the first question) was manually changed to
‘positive’ in case of MDRO-positive cultures during admission. If
so, the value of MDRO risk assessment would have been over-
estimated. Second, this was a real-life evaluation of clinical
practice, without confirmation whether the individual ques-
tions of the MDRO risk assessment were answered correctly.
Third, for the calculation of unjustified isolation days there was
no formal check on whether a patient with an isolation label in
the EMR has been in isolation. Yet, from regular audits on
adherence to isolation procedures in our hospital we consider it
highly likely that patients were treated in isolation if an iso-
lation label was present. Also, we were conservative in our
estimation of time until negative screening results and lifting of
transmission-based precautions (i.e. resulting in possible
underestimation of the total number of unjustified isolation
days). Fourth, this was a single-centre analysis in an academic

medical centre in the Netherlands, with a well-developed
system of identification, labelling and isolation of MDRO car-
riers as well as good adherence to standard precautions in
routine care. Extrapolation of findings to other settings or
countries should always occur in light of local epidemiology and
established routine infection and prevention practices within a
hospital.

The current low levels of AMR in hospitals in the Nether-
lands are partly explained by a restrictive use of antibiotics
combined with the well-established ‘search and destroy’
policy over the last decades. Still, critical appraisal as well as
continuous improvement is a fundamental part of infection
prevention and control, considering that local epidemiology
and target populations may change over time. Results of this
study imply that the majority of MDRO carriers in the com-
munity remains undetected upon admission despite current
risk-based screening. Combined with the low prevalence of
risk factors and the types of MDRO that are most often iden-
tified, the question arises whether the number of newly
identified MDRO carriers justifies the invested workload across
all hospital wards in risk assessment upon admission. We
propose a system for Dutch hospitals in which risk-based
screening is abandoned and, instead, transmission-based
precautions are installed upon hospitalization of patients
that are known (previous) carriers of MDROs. This captures the
majority of MDRO carriers that would otherwise be identified
through risk assessment. We recommend that this process be
continuously monitored and we emphasize the importance of
having well-established MDRO surveillance systems in place.
Surveillance should contain hospital-wide longitudinal data on
microbiological culture results, occurrence of MDRO and
labelling of MDRO carriers.

In conclusion, in an academic Dutch hospital with a well-
established MDRO surveillance system, individual risk assess-
ment and screening for MDRO carriage upon hospital admission
resulted in a low yield of newly identified MDRO carriers in
comparison to overall invested workload, while the majority of
carriers most likely remained undetected. Our findings justify a
reconsideration of the current individual risk assessment for
MDRO carriage upon admission.
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