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Objectives: The objective of this study was to assess carriage of antimicrobial-resistant commensal microorgan-
isms, i.e. Escherichia coli and Staphylococcus aureus, and its predictors in long-term-care facilities (LTCFs).

Methods: Nasal swabs and/or urine or incontinence samples were collected from participating residents in 111
LTCFs and tested for the presence of S. aureus and/or E. coli, respectively. Antimicrobial resistance to eight
antimicrobials was linked to antimicrobial usage in the year preceding sampling and to LTCF characteristics.
Using multilevel logistic regression, predictors of carriage of ESBL-producing E. coli in LTCFs were identified.

Results: S. aureus was identified in 1269/4763 (26.6%) nasal swabs, including 13/4763 (0.3%) MRSA carriers in
9/107 (8%) LTCFs. Of the 5359 urine/incontinence samples, 2934 (55%) yielded E. coli, including 123 (4.2%)
producing ESBL, which were found in 53/107 locations (range 1%–33%). For all but one antimicrobial (i.e. nitro-
furantoin) .20% of isolated E. coli were resistant. Multilevel multivariable logistic regression identified two
predictors of carriage of ESBL-producing E. coli: (i) antimicrobial usage (OR 1.8, 95% CI 1.1–3.0 for each extra
50 DDD/1000 residents/day); and (ii) presence of MRSA carriers in the LTCFs (OR 2.4, 95% CI 1.0–5.6).

Conclusions: The low proportion of 4.2% ESBL-producing E. coli and the low prevalence of 0.3% MRSA carriage
found in LTCF residents suggest that Dutch LTCFs are not yet an important reservoir of MDR potential pathogens.
Nevertheless, the large variation between LTCFs warrants close monitoring of antimicrobial resistance in LTCFs.
Integrated surveillance, i.e. linking data sources on antimicrobial usage, microbiological testing, clinical back-
ground data and epidemiological data, is needed.

Introduction
Antimicrobial resistance has become a significant health problem
worldwide. Currently, the occurrence of infections due to MDR
microorganisms is still rare in the Netherlands and other
Northern European countries1 and many efforts are in place to
maintain this low-endemic situation. In the Netherlands, national
guidelines have been developed for the prevention2 and detec-
tion3 of highly resistant microorganisms (HRMOs). In these guide-
lines, HRMOs are defined as ‘microorganisms that are known to
cause human disease, have acquired an antimicrobial resistance
pattern that hampers (empirical) therapy, and have the potential
to spread in healthcare facilities if—in addition to standard pre-
cautions—no transmission-based precautions are taken’. Since
antimicrobial use is considered one of the most important factors
selecting for antimicrobial resistance,4 the aim should be
to optimize the use of antimicrobials. Emergence of HRMOs in
a low-endemic population may result in a reservoir from
which transmission can occur, with potential consequences for

vulnerable populations.5 The elderly, especially those living in
long-term-care facilities (LTCFs), are considered vulnerable to
the acquisition of infections.6 Not only is this populationmore sus-
ceptible to infections due to immunosenescence, but it is also a
population often characterized by chronic diseases and polyphar-
macy, including antimicrobials.7

In healthcare settings, optimal (empirical) therapy requires
up-to-date information concerning the local situation of anti-
microbial resistance obtained by microbiological analysis of
patient samples. Nevertheless, microbiological analysis of patient
samples in cases of suspected infection is not common practice in
LTCFs. To date, little is known about the occurrence of resistant
microorganisms in Dutch LTCFs. Some relatively small regional
studies were performed between 2010 and 2012.8–10These stud-
ies suggest a high local prevalence of antimicrobial-resistant
Escherichia coli, including those producing an ESBL. Studies per-
formed in 2009 covering a larger part of the Netherlands found
low prevalence of 0.3%11 and 2%12 of MRSA in Dutch LTCFs.
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Here, we investigate the carriage of antimicrobial-resistant com-
mensal flora in Dutch LTCF residents, to assess whether LTCFs may
act as a reservoir of antimicrobial-resistant potential pathogens. To
find predictors of carriage of resistant microorganisms, we linked
the observed antimicrobial resistance to antimicrobial usage and
to LTCF characteristics. Two microorganisms were included, i.e.
E. coli and Staphylococcus aureus, the most common causative
agents13 of frequently occurring infections in LTCF residents: urinary
tract and skin infections.14

Methods

Selection of LTCFs
All 177 LTCFs in the Netherlands with at least 50 beds (excluding rehabili-
tation) were invited to participate. Enrolment of individual residents
occurred by informed consent during the first months of the study, and
by an opt-out approach later on, in order to increase the response rate
among residents within each LTCF. If the client was unable to provide
informed consent or to agree to the opt-out approach, e.g. due to demen-
tia, the legally responsible person was asked for consent to participate.

A sample size calculation to enable determining a prevalence of 2%
ESBL-producing E. coli, with a 95% CI of 1%–3%, indicated the need for
a minimum of 40 nursing homes with participation of a minimum of 40
residents.

Data collection
All patient samples were collected anonymously; only gender was
registered.

Nasal swabs (Copan cotton swabs including transport medium) were
taken from the resident’s anterior nostril by the members of the project
team and analysed for the presence of S. aureus using: (i) culture on colis-
tin nalidixic acid agar plates (Becton Dickinson, Sparks, MD, USA); and (ii)
enrichment in nutrient broth (Oxoid, Basingstoke, UK) with 6.5% NaCl fol-
lowed by culture on oxacillin screening agar (Oxoid). Putative S. aureus col-
onies were identified using MALDI-TOF. Methicillin resistance was
confirmed by PCR as previously described.15 S. aureus isolates resistant
to oxacillin and cefoxitin were analysed for the presence of the mecA
gene by PCR.16

Urine samples were collected from asymptomatic residents by the
nursing staff. Clean voided urine samples were used to inoculate a dipslide
(Uriline, bioMérieux 56508). Each dipslide has a two-sided paddle in a pro-
tective vial with a cystine lactose electrolyte deficient (CLED) agar on one
side and on the other side MacConkey agar. In case of urine incontinence,
the dipslide was inoculated by pressing the paddle into the incontinence
pad. After inoculation the dipslides were sent to the microbiological
laboratory of the Maastricht University Medical Center (MUMC) and in
the later part of the study to the National Institute of Public Health and
the Environment (RIVM) and incubated overnight at 358C.

Colonies grown on the dipslide were streaked onto a chromID plate
(bioMérieux 43481) and incubated overnight. Putative E. coli were identi-
fied using MALDI-TOF. Putative ESBL-producing E. coli isolates were pheno-
typically confirmed using the Etest (bioMérieux) according to the
guidelines of the Dutch Society for Medical Microbiology; the antibacterials
used were ceftazidime, cefotaxime and cefepime with and without clavu-
lanic acid. A difference in MIC ratio of≥8 for one of these tested antimicro-
bial combinations was considered to indicate ESBL positivity. Antimicrobial
susceptibility testing was performed using a microbroth dilution method9

for doxycycline, amoxicillin, amoxicillin/clavulanate, trimethoprim, co-tri-
moxazole, ciprofloxacin, norfloxacin and nitrofurantoin. The EUCAST
guidelines version 4.0 (http://www.eucast.org/clinical_breakpoints/,
accessed 19 February 2015) were used for the susceptibility breakpoints.
E. coli ATCC 25922 and ATCC 35218 were used as control strains.

Data on antimicrobial usage at LTCF level during the year preceding
sampling within each LTCF (or group of LTCFs) were collected from the
pharmacy linked to the participating locations. Details of collection of
usage data are described by M. Roukens, L. Verhoef, E. Stobberingh and
S. Natsch (unpublished data). Data are presented as DDD per 1000 resi-
dents per day for each LTCF, assuming 100% bed utilization capacity.17

If data were only available for a group of LTCFs, i.e. an ‘LTCF cluster’, the
DDD/1000 residents/day was based on the cluster’s cumulative number
of beds and all cluster locations were attributed the same DDD/1000 resi-
dents/day.

All participating locations received a standardized questionnaire
addressing general characteristics of each LTCF.

Data analysis
One E. coli isolate was obtained per sample. For the total number of E. coli
isolates, we calculated: (i) the ‘sample prevalence’ of E. coli, calculated as
the number of E. coli isolated divided by the number of samples taken; (ii)
the ‘isolate prevalence’ of resistant E. coli to each of the eight antimicro-
bials tested, as the number of resistant E. coli per antimicrobial divided by
the total number of E. coli isolated; and (iii) the ‘isolate prevalence’ of
ESBL-positive E. coli, as the number of ESBL-producing E. coli divided
by the total number of E. coli isolated. For MRSAwe calculated: (i) the ‘sam-
ple prevalence’ of MRSA carriers among residents, i.e. the number of
MRSA-positive nasal swabs divided by the total number of nasal swabs
taken; and (ii) the ‘isolate prevalence’ of MRSA as the total number of
MRSA isolated divided by the number of S. aureus. Prevalences were calcu-
lated as totals for all participating LTCFs as well as for each LTCF separately.
The mean prevalences were weighted using the ‘survey’ package in R ver-
sion 3.20,18 enabling accounting for the proportion sampled and potential
cluster effect of sampling within the finite population of LTCFs in the
Netherlands. For each LTCF, antimicrobial usage in DDD/1000 residents/
day was compared with the isolate prevalence of resistance to each of
eight tested antimicrobials, using Pearson’s correlation coefficient if appro-
priate, with weighting for the proportion of total number of residents
sampled.

For all LTCFs for which a complete dataset was available, univariable
logistic regression analysis was performed to identify factors associated
with the isolate prevalence of ESBL-producing E. coli. The ‘glimmix’ proced-
ure in SAS for Windows version 9.3 (SAS institute Inc., USA) was used for
multilevel univariable and multivariable logistic regression. A random
intercept was included for groups of LTCFs (LTCF clusters) as a correction
factor for a possible cluster effect of locations belonging to the same
organization. Factors with P values ,0.2 in univariable logistic regression
were included in multivariable logistic regression using backward selec-
tion. If multiple variables for one characteristic showed a P value ,0.2,
the variable with the strongest predictor was selected. If statistically sig-
nificant (P,0.05), predictors remained in a multivariable model. The final
model was checked for confounders and analysed in strata for potential
modifiers, and assessed for goodness of fit. Factors related to study
design, i.e. geographical region and study period, showing significant asso-
ciations were considered confounders if they altered the OR in the final
model by ≥10%.

Ethics
The medical ethics committee of the MUMC approved the study design
(METC 12-4-056).

Results
Of 177 LTCFs approached for participation, 111 (63%) were inter-
ested in participation and visited for sampling between October
2012 and July 2014 (Figure 1). Reasons for no participation
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were, among others, shortage of personnel and/or involvement in
other studies.

Data collection

Urine samples were collected from 107 and nose swab samples
from 107 of the 111 locations. A total of 96 of the 111 LTCFs
(86%) provided data on antimicrobial usage and 80 of the 111
LTCFs (72%) provided the questionnaire data. A total of 64 of
111 (58%) participating locations provided complete data
(Figure 2).

S. aureuswas isolated in 1269 of 4763 (26.6%) nasal swabs, of
which 13/1269 (isolate prevalence 1.0%) were MRSA, and thus
13/4763 (sample prevalence 0.3%) were MRSA carriers. MRSA

was found in 9 of 107 (8%) locations tested, ranging from one
to two carriers per positive location. Of the total number of
dipslides taken (N¼5421), 62 samples were excluded due to
absence of growth or to contamination. Of these 5359 dipslides,
2934 (sample prevalence 55%) yielded E. coli. The isolate preva-
lence of resistance to the eight tested antimicrobials was ≥20%
for all but one antimicrobial (nitrofurantoin) (Table 1). Of 2934
E. coli isolates, 123 (isolate prevalence 4.2%) produced ESBL.
These were present in 53 of 107 (50%) locations tested. The iso-
late prevalences in LTCFs ranged from 1% to 33% (median 6.5%).

Antimicrobial usage and its association with isolate
prevalence of ESBL-producing E. coli

For 53 LTCF locations, belonging to 11 LTCF clusters of locations
belonging to the same nursing home group, data on use of anti-
microbials were available at aggregated level, whereas for the
remaining 43 locations, belonging to 24 clusters, data were avail-
able for each LTCF location separately. Of the 96 LTCFs with data
on usage available, 92 were also tested for E. coli resistance. The
mean total usage of antimicrobials for systemic use in these 92
LTCFs was 66.5 DDD/1000 residents/day, varying between LTCF
locations from 1.8 to 197.5 DDD/1000 residents/day. Means and
ranges of use of the eight antimicrobials tested are presented in
Table 1. Amoxicillin/clavulanate was most frequently prescribed.
Twenty-five percent of E. coli were resistant to this antimicrobial
agent. The use of amoxicillin/clavulanate showed a statistically
significant positive association with the isolate prevalence of
resistance to this agent (correlation coefficient of 0.25, P¼0.02)
(Table 1). Nitrofurantoin was the second most prescribed, but
the isolate prevalence of resistance to this agent was much
lower, i.e. 1%.

LTCF characteristics and possible predictors of carriage
of ESBL-producing E. coli

Table 2 shows the usage and LTCF characteristics of the 64 partici-
pating locations with complete data. Multilevel univariable logistic
regression for 80 possible predictors of isolate prevalence of
ESBL-producing E. coli showed statistically significant association
for eight characteristics (Table 3). Inmultilevelmultivariable logistic
regression, two predictors remained in the model as strongest pre-
dictors: (i) each extra 50 DDD/1000 residents/day nearly doubled
(OR 1.8, 95% CI 1.1–3.0) the chance of an ESBL-producing E. coli;
and (ii) the presence of MRSA carriers in the LTCFs more than
doubled the likelihood of finding ESBL-producing E. coli (OR 2.4,
95% CI 1.0–5.6). Geographical region remained in the model as
a confounder; no significant effect modification was found.

Discussion
The low isolate prevalence of 4.2% ESBL-producing E. coli and the
low sample prevalence of MRSA of 0.3% found in LTCF residents,
combined with the size of our study, suggest that Dutch LTCFs
are not yet an important reservoir of MDR potential pathogens.
The MRSA prevalence is of the same order of magnitude as
those described in previous studies.11,19 These results indicate a
consistently low MRSA prevalence over the last decade. Similar
results were found in Germany, where no increase in MRSA was

LTCFs negative for both ESBL-producing E. coli and MRSA

LTCFs negative for ESBL but positive for MRSA

LTCFs that were positive for both pathogens

LTCFs that chose not to participate

LTCFs positive for ESBL-producing E. coli but negative for MRSA

Figure 1. Geographical representation of LTCFs in the Netherlands
approached for this study. The coloured dots represent the LTCFs
included in this study. The grey dots represent LTCFs that chose not to
participate. This figure appears in colour in the online version of JAC and
in black and white in the print version of JAC.
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seen in LTCFs between 2007 and 2013,20 and in Sweden between
2003 and 2012.21

Isolate prevalence of ESBL-producing E. coli showed a large
variation between LTCFs: from 1% to 33%. An explanation for

these variations in E. coli resistance levels was a higher usage of
antimicrobials, which contributes to the selection of resistant
E. coli. We also found that isolate prevalence of ESBL-producing
E. coli was associated with the presence of MRSA. A causal

Returned questionnaires
33 LTCF clusters

80 (75%) LTCF locations

Returned dipslides
N = 5421

35 LTCF clusters
107 (97%) LTCF locations

Collected nasal swabs
N = 4763

33 LTCF clusters
107 (97%) LTCF locations

Pharmacy data on use of
antibiotics

35 LTCF clusters
96 (86%) LTCF locations

All data available for analysis to
identify indicators of presence of

ESBL-producing E.coli
64 (58%) locations

Included LTCFs
35 LTCF clusters

111 LTCF locations
9406 beds

LTCFs approached for inclusion
66 LTCF clusters >50 beds

177 LTCF locations

Figure 2. Selection of LTCFs and collection of questionnaire, laboratory and pharmacy data.

Table 1. Themean use correlated with weighted resistance levels of 2934 E. coli from 92 LTCFs for which both E. coli resistance and antimicrobial usage
data were available, accounting for the number of residents sampled

Antimicrobial group Antimicrobial agent Mean usagea (95% CI) Range of usage
Percentage of
resistant E. colib

Correlation
coefficient

Tetracyclines doxycycline 6.4 (5.2–7.6) 0.0–31.5 25 (22–27) 20.07

b-Lactams amoxicillin 4.2 (3.4–4.9) 0.0–19.1 45 (42–47) 20.12
amoxicillin/clavulanate 21.8 (18.8–24.9) 0.0–70.3 25 (23–28) 0.25c

Trimethoprim and derivatives trimethoprim 1.7 (1.5–2.2) 0.0–13.9 25 (23–27) 20.19

Sulphonamides co-trimoxazole 2.7 (2.2–3.3) 0.0–12.6 22 (20–24) 0.18

Quinolones ciprofloxacin 8.8 (7.1–10.6) 0.0–52.0 20 (18–23) 0.13
norfloxacin 1.8 (1.3–2.2) 0.0–11.4 25 (22–27) 20.17

Nitrofuran derivatives nitrofurantoin 9.6 (7.8–11.3) 0.1–37.9 1 (0.6–1.6) 0.11

aIn DDD/1000 residents/day.
bSusceptibility breakpoints for resistance: .0.5 for ciprofloxacin and norfloxacin; .2 for trimethoprim and co-trimoxazole; .4 for doxycycline; .8 for
amoxicillin and amoxicillin/clavulanate; and .64 mg/L for nitrofurantoin.
cStatistically significant correlation (P,0.05).
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relationship is not likely; however, the association found may indi-
cate the potential for successful resistance selection within these
LTCFs, e.g. higher antimicrobial pressure, or fewer handwash facil-
ities in place.

To our knowledge, this is the first large sample study with an
integrated approach combining data on antimicrobial resistance,
usage and LTCF characteristics. Despite a non-response of
residents in LTCFs of nearly 50% for nasal swabs and .40%
for urine sampling, this study still represents a relatively high

proportion of the target population. The integrated approach at
this large scale could be achieved through collection of data at
the LTCF level instead of the patient level. In addition, the choice
of urine samples instead of faecal samples and the change from
informed consent to opt-out enabled us to obtain a sufficient
response of residents per LTCF. Previous studies focused on
patient-based risk factors only and found risk factors such as,
among others, antimicrobial treatment during the past month,
hospitalization during the past half year,21 immobility, urinary

Table 2. Main characteristics of the 64/111 LTCFs included in the study and for which datawere complete [i.e. urine (incontinence) samples, nose swabs,
questionnaire, usage data]

N or % 95% CI

Study design-related characteristics
mean number of beds 83 68–98
mean number of urine (incontinence) samples collected 50 39–61
mean number of nose swabs collected 45 36–54
sampled in study period: 1/2 24/40
region: North/East/South/West 2/23/9/30
within 20 km from German and Belgian border: no (reference)/yes 59/5

Overall resistance and usage
weighted percentage of ESBL-producing E. coli 4.2% 3.3%–6.0%
weighted prevalence of MRSA 0.3% 0.2%–0.5%
mean total usage of antimicrobials in DDD/1000 residents/day 65 55–75

LTCF characteristics
mean proportion of male residents 34% 30%–39%
mean number of staff (13 missing) 174 124–225
mean number of nursing staff (9 missing) 122 88–156
personnel exchange between care unit: no (reference)/yes (2 missing) 7/55
percentage of residents with private room: ≤50% (reference)/.50% (1 missing) 19/44
percentage of residents with private bathroom: ≤50% (reference)/.50% (2 missing) 38/24
number of shared areas: ≤2 (reference)/.2 (6 missing) 28/30
mean number of care units (range 1–22) (4 missing) 6 5–7
mean percentage of care packages
4: physical disorders 2% 1%–3%
5: dementia 49% 41%–56%
6: chronic illness 22% 16%–28%
7: severe dementia 16% 13%–19%
8: illness for which specialized care is needed 7% 4%–11%
9: revalidation 3% 1%–5%
10: palliative care for terminal patients 0% 0%–1%

mean proportions of age groups of residents (5 missing)
,60 4% 1%–7%
60–64 5% 2%–7%
65–74 9% 6%–11%
75–84 40% 33%–46%
≥85 43% 36%–50%

infection prevention committee: present/absent (2 missing) 51/11
antimicrobial or medication committee: present/absent (6 missing) 46/12
antimicrobial formularium: present/absent (12 missing) 37/15
diagnostic tests available for residents
leucocyte test: yes/no 52/12
nitrite test: yes/no 49/15
dipslide: yes/no 16/48
culture: yes/no 48/16
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catheter, decubitus,22 the need for nursing care23 and exposure to
quinolones and third-/fourth-generation cephalosporins.24 Here,
we also take into account collective factors at the LTCF level,
including antimicrobial pressure, and LTCF characteristics. We
found that the total amount of antimicrobials used during the
preceding year holds up as the strongest predictor of higher iso-
late prevalence of ESBL-producing E. coli, while correcting for
LTCF characteristics. Inclusion of faecal samples in future studies
to identify actual carriers of ESBL-producing E. coli would be of
benefit.

Unfortunately data for 31 LTCF questionnaires were missing.
Extrapolation of questionnaire data from one location to other
locations belonging to the same LTCF cluster was not justified,
as the characteristics of the different locations were not necessar-
ily similar, based on comparison of the questionnaires of LTCFclus-
ters for which multiple locations returned a questionnaire.
However, LTCFswithmissing questionnaires did not differ statistic-
ally significantly in their ESBL-producing E. coli isolate prevalence.
The same was true for LTCFs with and without antimicrobial
usage data available. So the non-response in questionnaire and
usage data was not likely to result in bias with respect to the
ESBL-producing E. coli. Study period and geographical location
are factors that may be associated with the study design. In the
first phase of the study, the chance of detecting ESBL-producing
E. coli was smaller compared with the second phase of the study

due to higher numbers of samples collected per LTCF location in
the second, opt-out phase. The geographical location categorized
in ‘,20 versus ≥20 km from one of the borders’ appeared to be
the strongest predictor; however, only few LTCFs in the border
region were included. Therefore, both design-related significant
factors were considered potential confounders. The regional dis-
tribution seemed skewed to the west and to be underrepresented
for the northern part of the Netherlands, which was consistent
with population densities in these areas.

Our study provides insight into the sample and isolate preva-
lence of carriage of resistant microorganisms by residents of
LTCFs in the Netherlands. Once vulnerable, a carrier might turn
into a severely ill patient. If an isolate prevalence .20%25 is
assumed as the cut-off abovewhich the antimicrobial is no longer
regarded as an empirical choice of treatment, our results suggest
that only nitrofurantoin remains as a first-choice option out of the
eight tested antimicrobials. The results of our study were provided
as feedback to the participating LTCFs in order to support prudent
and appropriate use of antimicrobials.

Although levels of carriage of resistant microorganisms are
still low in the Netherlands, we show that a higher amount of anti-
microbial used is associated with higher levels of carriage of E. coli
resistant to antimicrobials in LTCFs. Previous studies by van Buul
et al.26 illustrated the difficulties in appropriate prescribing of anti-
microbials in LTCFs, due to several unrelated factors affecting this

Table 3. Results of multilevel univariable and multivariable logistic (backward selection) regression analysis to find factors associated with presence or
absence of ESBL-producing E. coli among residents in 64 LTCFs with complete data

Variable OR (95% CI) univariablea OR (95% CI) multivariableb

Number of shared areas: ≤2 (reference) versus .2 2.0 (1.0–3.9)
Number of care units: 1–22c 0.7 (0.4–1.1)
Proportion of residents with insurance package 5 or 7 (dementia) 0.2 (0.1–0.6)
Percentage of residents with private room: ≤50% (reference) versus .50% 1.6 (0.9–2.8)
Total usage of antimicrobials in DDD/1000 residents/dayd 1.9 (1.2–3.0) 2.3 (1.5–3.6)
Within 20 km from German and Belgian border: no (reference) versus yes 0.1 (0.0–1.2) 0.0 (0.0–0.4)
MRSA present in LTCFs: no (reference) versus yes 2.7 (1.1–6.4) 2.4 (1.1–5.5)
Study period: first (reference) versus second 3.7 (1.2–11.8)

aThe following items were analysed in univariable analysis:
LTCF characteristics: proportion of males, number of beds, number of staff, number of nursing staff, number of public or shared areas, number of depart-
ments, proportion of patients categorized in insurance packages 4–10 [i.e. high level of care needed due to physical disorders (package 4); increased or
high level of care needed due to psychological disorders (packages 5 and 7); highly specialized care needed (package 8); long-term care needed due to
chronic disorders (package 6); revalidation (package 9); palliative care for terminal patients (package 10)], exchange of staff between departments,
proportion of residents with own room/bathroom/toilet, proportion of residents in age categories (,60, 60–64, 65–74, 75–84 and ≥85 years of
age), presence of an infection committee, presence of an antimicrobial or medicine committee, use of an antimicrobial formularium and use of diag-
nostic tests for residents with symptoms of urinary tract infection (leucocyte test, nitrite test, dipslide, culture or combinations of these tests).
Usage: use of antimicrobials for systemic use in total (J01) as well as in antimicrobial groups and antimicrobials tested, as presented in Table 1.
Study characteristics: study phase, received questionnaires, received pharmacy data and proportion of all residents sampled.
Geographical characteristics: provinces grouped in one variable as well as per province separately, location of LTCFs within 20 km from German border or
20 km from Belgian border or within 20 km from both the German and Belgian border and Northern versus Southern region of the Netherlands as well as
North/East/South/West and North-Mid-South.
Categorization of variables was done based on the value representing 25th, 50th and/or 75th percentile among LTCFs where no ESBL-producing E. coli
were observed.
bSelected as the strongest predicting representative of its category: total use of antimicrobials was chosen instead of each of the antimicrobials sep-
arately or antimicrobials in groups; region South versus North performed better than the three or four regions, province-based variables or border-based
variables.
cOR is calculated per 5 care units.
dOR is calculated per 50 DDD/1000 residents/day.
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decision-making in LTCFs. Integrated surveillance, i.e. linking data
sources on antimicrobial usage, microbiological testing, clinical
background data and epidemiological data, would yield a wealth
of information for regular analysis of predictors of carriage of
resistant microorganisms and evaluation of the effects of inter-
vention in LTCFs.
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