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Antimicrobials are commonly prescribed and contrib-
ute to the development of antimicrobial resistance in
long-term care facilities (LTCFs). In 2010, the European
Centre for Disease Prevention and Control initiated
point prevalence surveys (PPS) of healthcare-asso-
ciated infections and antimicrobial use in European
LTCFs, performed by external contractors as the
Healthcare-Associated infections in Long-Term care
facilities (HALT) projects. Here, we investigated preva-
lence and characteristics of antimicrobial use and anti-
microbial stewardship indicators in European LTCFs
in 2016-17. Twenty-four European Union/European
Economic Area (EU/EEA) countries, the former Yugoslav
Republic of Macedonia and Serbia participated in the
third PPS in European LTCFs. Overall, 4.9% (95% con-
fidence interval: 4.8-5.1) of LTCF residents in the EU/
EEA participating countries received at least one anti-
microbial. The most commonly reported Anatomical
Therapeutic Chemical (ATC) groups were beta-lactam
antibacterials/penicillins (Jo1C), other antibacterials
(Jo1X) (e.g. glycopeptide antibacterials, polymyxins),
quinolones (JoiM), sulfonamides and trimethoprim
(Jo1E), and other beta-lactams (Jo1D). Urinary tract
infections and respiratory tract infections were the
main indications for antimicrobial prescription. This
PPS provides updated and detailed information on
antimicrobial use in LTCFs across the EU/EEA that can
be used to identify targets for future interventions,
follow-up of these interventions and promote prudent
use of antimicrobials in European LTCFs.
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Introduction

Life expectancy is increasing steadily in the European
Union/European Economic Area (EU/EEA). Population
projections estimate that by 2050 the old-age depend-
ency ratio, calculated as the number of individuals
aged over 65 years per 100 people of working age, will
reach 50% [1]. The ageing population is one reason for
the transitions in healthcare delivery systems taking
place in several EU/EEA countries. This includes reduc-
tions in hospital beds and in several countries more
patient care being provided in long-term care settings
[2]. Long-term care facilities (LTCFs) deliver a blend of
health and social services to people who are limited in
their ability to live independently, especially due to old
age, and are in need of less intensive medical care than
that usually provided in hospitals [3].

Despite the fact that less intensive medical care is
provided in LTCFs than in hospitals, healthcare-asso-
ciated infections (HAIs) are common in the vulnerable
LTCF populations [4-9]. For this reason, antimicrobials
are commonly prescribed in LTCFs, contributing to the
development of antimicrobial resistance (AMR) and
possibly leading to adverse events such as Clostridium
difficile infection, and infections that are more difficult
to treat [10,11]. As there is increasing evidence that
LTCFs can serve as a reservoir for the transmission
of resistant organisms to other healthcare settings,
close monitoring of the situation is needed [12,13].
Furthermore, the lack of diagnostic capabilities may
lead to suboptimal antimicrobial prescription in LTCFs

[14,15].



TABLE 1

Prevalence of antimicrobial use, by country, 23 European Union/European Economic Area countries®, the former Yugoslav
Republic of Macedonia and Serbia, 2016-2017

Antimicrobial use

Eligible
residents

Median
prevalence of
LTCFs

Mean
prevalence of
LTCFs

Residents with
at least one
antimicrobial

Observed

Country
prevalence

n

% I1QR (%)

% (95% Cl)

Austria 12 2,065 67 3.2 (2.5 t0 4.1) 2.9 2.4 (1.0 t0 4.7)
Belgium 79 8,206 482 5.9 (5.4 to 6.4) 5.8 5.1 (2.9 to 8.1)
Croatia 8 1,607 32 2.0 (1.4 t0 2.8) 3.2 3.6 (0.8 10 4.9)
Cyprus 11 312 29 9.3 (6.3 t0 13.1) 10.1 7.7 (4.8 to 17.0)
Denmark 95 3,346 350 10.5 (9.4 to 11.5) 10.7 9.0 (6.3 t0 15.0)
Finland 149 5,914 394 6.7 (6.0 t0 7.3) 7.0 5.9 (2.3 to 10.5)
France 91 6,957 187 2.7(23t03.1) 2.7 2.3 (0 to 4.3)
Germany 82 6,705 85 1.3 (1.0 t0 1.6) 1.3 0.9 (0 to 1.9)
Greece 13 812 49 6.0 (4.5 t0 7.9) 7.5 4.2 (3.0 t0 11.6)
Hungary 75 7,670 71 0.9 (0.7 to 1.2) 0.9 o (0to1.4)
Ireland 109 5,613 543 9.7 (8.9 to 10.5) 11.7 8.6 (5.4 t0 14.7)
Italy 196 11,417 495 4.3 (4.0 t0 4.7) 5.5 3.1 (0.8 t0 6.6)
Lithuania 26 3,438 25 0.7 (0.5 to 1.1) 0.9 o (oto1.0)
Luxembourg 16 1,616 42 2.6 (1.9 to 3.5) 2.5 1.5 (0.9 t0 4.2)
Malta 11 2,485 66 2.7 (2.110 3.4) 1.6 1.4 (0.5 t0 2.4)
The Netherlands 57 4,547 202 4.4 (3.9 to 5.1) 5.1 4.3(1.6t06.7)
Norway 62 2,447 169 6.9 (5.9 to 8.0) 7.0 4.6 (2.1t0 10.3)
Poland 24 2,281 73 3.2 (2.5 t0 4.0) 4.4 2.9 (0.9 to 6.5)
Portugal 132 3,633 220 6.1(5.3t0 6.9) 6.8 4.3 (0 to 10.0)
Slovakia 59 5,091 113 2.2 (1.8 t0 2.7) 2.9 1.2 (0 t0 3.4)
Spain 46 6,808 717 10.5 (9.8 t0 11.3) 11.7 10.8 (3.5 t0 17.3)
Sweden 285 3,604 118 3.3 (2.7 t0 3.9) 3.2 o (0to5.6)
UK - Northern Ireland 70 2,614 270 10.3 (9.2 to 11.6) 10.4 9.8 (5.0 t0 14.3)
UK - Scotland 52 2,147 138 6.4 (5.4 to 7.5) 6.2 5.1 (0 to 10.9)
UK - Wales 28 966 98 10.1 (8.3 10 12.2) 10.1 8.2 (5.5 to 11.4)
EU/EEA 1,788 102,301 5,035 4.9 (4.8 to 5.1) 5.8 3.6 (o to 8.5)
gc;r,b‘naecrgduoglfizlav Republic 4 294 26 8.8 (5.9 t0 12.7) 5.2 5.1 (2.5t07.9)
Serbia 6 1,168 57 4.9 (3.71t06.3) 6.0 4.0 (3.7to 5.5)

Cl: confidence interval; EU/EEA: European Union/European Economic Area; IQR: interquartile range; LTCFs: long-term care facilities; UK: United

Kingdom.

aFor the United Kingdom, data for Northern Ireland, Scotland and Wales are presented separately. England did not participate in the survey.

The Czech Republic did not provide resident-level data.

Data on antimicrobial use in LTCFs are necessary to
understand the reasons, magnitude and determinants
of antimicrobial prescribing and to inform public health
policies on prudent use of antimicrobials. In June 2017,
the European Commission published guidelines for
the prudent use of antimicrobials in human medicine,
recommending to establish antimicrobial stewardship
programmes in all healthcare facilities, including LTCFs
[16]. Although several European countries already
measure antimicrobial consumption, methodologies
have not been consistent precluding meaningful com-
parisons, furthermore they have often concentrated in
the acute care settings, with little attention given to
LTCFs.

For this reason, the European Centre for Disease
Prevention and Control (ECDC) initiated surveillance
of HAls and antimicrobial use in European LTCFs with
point prevalence surveys (PPSs) under the Healthcare-
Associated infections in Long-Term Care facilities
(HALT) projects in 2010, 2013 and, most recently, in
2016-17. In the present study, we investigated the
prevalence and characteristics of antimicrobial use and
antimicrobial stewardship indicators in European LTCFs
reported in the third European PPS of HAIs and antimi-
crobial use in LTCFs (HALT-3) in 2016-17.

www.eurosurveillance.org



FIGURE 1

Indications (treatment or prophylaxis, for the most commonly sites of infection) for antimicrobial use in long-term care
facilities, by country, 22 European Union/European Economic Area countries?, the former Yugoslav Republic of Macedonia
and Serbia, 2016-2017
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aFor the United Kingdom, data for Northern Ireland, Scotland and Wales are presented separately. England did not participate in the survey.
The Czech Republic did not provide resident-level data. Cyprus did not provide detailed information on antimicrobial prescribing.
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FIGURE 2

Distribution of antibacterials for systemic use (ATC group J01) into groups, by main indication (prophylaxis or treatment)
and by country, 22 European Union/European Economic Area countries?, the former Yugoslav Republic of Macedonia and

Serbia, 2016-2017
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aFor the United Kingdom, data for Northern Ireland, Scotland and Wales were reported separately. England did not participate in the survey.
The Czech Republic did not provide resident-level data. Cyprus did not provide detailed information on antimicrobial prescribing.

Methods

Survey design

The survey was performed in 24 EU/EEA countries
and two EU candidate countries, the former Yugoslav
Republic of Macedonia and Serbia. The countries were
asked to recruit LTCFs in their country for participa-
tion in the survey. According to the protocol [17], the
selected LTCFs had to provide a broad range of ser-
vices and assistance to people with limited abilities to

function independently on a daily basis (i.e. to autono-
mously perform the basic activities of daily living over
an extended period of time). In addition, these LTCFs
could also provide basic medical services (wound
dressing, pain management, medication, health moni-
toring, prevention, rehabilitation or palliative care), but
the LTCF residents had to be medically stable, without
the need for constant specialised medical care or inva-
sive medical procedures. Resident stay in the selected

www.eurosurveillance.org



TABLE 2

Multivariable linear regression analysis of long-term

care facility and resident characteristics in relation to

the prevalence of antimicrobial use, 19 European Union/
European Economic Area countries®, the former Yugoslav
Republic of Macedonia and Serbia, 2016-2017

Coefficient
Characteristics
(95% ClI)
Type of LTCF
Residential home Ref

General nursing home 0.38 (-0.54 t0 1.31) 0.418

Mixed 1.41 (0.40 to 2.42) 0.006

Size of LTCF

> 105 beds Ref

65-104 beds 0.62 (-0.47 to 1.71) 0.266

37-64 beds 2.25 (1.22 to0 3.29) <0.001
<37 beds 3.27 (2.25 t0 4.29) <0.001

Characteristics of LTCF residents (%)
Aged over 85 years

0.05 (0.03 t0 0.08) <0.001

Male 0.08 (0.05 to 0.11) <0.001

Using a wheelchair or
bedridden

Disoriented in time and/or
space

-0.04 (-0.06 t0 -0.02) | < 0.001

0.00 (-0.01 t0 0.02) 0.648

Urinary and/or faecal

. : 0.02 (-0.00 to 0.0 0.052
incontinence ( 4) >

Pressure sore -0.03 (-0.09 t0 0.02) 0.229

Other wound 0.10 (0.06 t0 0.14) <0.001

gurgery in the previous 30 0.20 (0.10 t0 0.30) <0.001
ays

Urinary catheter 0.04 (0.00 t0 0.08) 0.043

Vascular catheter 0.26 (0.18 t0 0.33) <0.001

Cl: confidence interval; EU/EEA: European Union/European
Economic Area; LTCF: long-term care facility.

2For the United Kingdom, data for Northern Ireland, Scotland and
Wales were reported separately. England did not participate in
the survey. The Czech Republic did not provide resident-level
data. France, Portugal, Norway and Sweden were excluded from
the multivariable analysis (see Methods).

Significant p-values are shown in bold.

LTCFs could vary from temporary to permanent (until
end of life).

To improve country representativeness, a recom-
mended minimum number of LTCFs per country was
calculated and provided to the national coordinators.
For each country, the recommended sample size was
calculated anticipating a national crude HAI prevalence
of 4%, with a 95% confidence interval (Cl) of 3-5%
(1% precision). Although representative sampling was
strongly recommended, purposive sampling, including
convenience sampling or voluntary participation after
the invitation of all LTCFs, was also accepted. Different
types of LTCF could be recruited. While also specialised
LTCF types (such as psychiatric facilities, rehabilita-
tion centres and palliative care centres) were invited
to participate, only data from general nursing homes

www.eurosurveillance.org

(providing principally care to seniors with severe ill-
nesses or injuries), residential homes (facilities usu-
ally providing personal care, housekeeping and three
meals a day) and mixed LTCFs (providing mixed ser-
vices for elderly or other resident populations) were
considered for analysis. For countries contributing to
the survey with more residents than in the calculated
recommended sample size, a randomised sub-sample
was used in the final analysis [17].

Data collection

Participating countries were asked to organise the sur-
vey during one of four proposed periods: April-June
or September—November in 2016 or 2017. Ideally, data
had to be collected on a single day for each LTCF. In
large LTCFs, data collection could take place over 2 or
more consecutive days, but all residents within one
ward or unit had to be surveyed on the same day.

Data collection was conducted either by an external
data collector (i.e. the national coordinator or a person
trained by the national coordinator) or by a local data
collector (i.e. an LTCF staff member, e.g. designated
physician, infection control practitioner or nurse). To
ensure standardisation of data collection, a ‘train-
the-trainers’ workshop for the national coordinators
was held in December 2015. It was recommended that
national coordinators organise at least one 1-day infor-
mation and training session for the LTCFs before the
national survey [17].

A resident questionnaire was used to collect data for
each resident receiving a systemic antimicrobial on
the day of the survey. Data included resident charac-
teristics (age, gender, length of stay in the LTCF (less
or greater than 1 year)), risk factors (urinary catheter,
vascular catheter, pressure sores, other wounds), care
load indicators (faecal and/or urinary incontinence,
disorientation in time and/or space, impaired mobility)
and antimicrobial use (name of antimicrobial agent(s),
indication and reasons for antimicrobial use, place of
prescription, administration route, end or review date
of documented prophylaxis or treatment) [17].

The 2018 version of the Anatomical Therapeutic
Chemical/Defined Daily Dose (ATC/DDD) Index of the
World Health Organization Collaborating Centre for
Drug Statistics Methodology was used to classify the
antimicrobials into different groups [18]. Antimicrobial
agents for systemic use within ATC groups Ao7AA (intes-
tinal antiinfectives), Do1BA (dermatological antifungals
for systemic use), Jo1 (antibacterials for systemic use),
Jo2 (antimycotics for systemic use), Jos (antimyco-
bacterials), when used for treatment of mycobacteria
(including tuberculosis) or as reserve for multidrug-
resistant bacteria and Po1AB (nitroimidazole-derived
antiprotozoals), were included. Antiviral agents were
not included.

Two main indications for antimicrobial use were
recorded, i.e. prophylaxis and treatment. The indication
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was further divided according to the anatomical site or
diagnosis of prophylaxis or treatment: urinary tract,
genital tract, skin or wound, respiratory tract, gastroin-
testinal tract, eye, ear-nose-mouth, surgical site, tuber-
culosis, systemic infection, unexplained fever or other
site or diagnosis not previously specified.

An LTCF institutional questionnaire was used to col-
lect data on structures and processes in place in each
participating LTCF, including current infection control
practices and antimicrobial policies, e.g. written guide-
lines for appropriate antimicrobial use in the facility,
annual regular training on appropriate antimicrobial
prescribing or a ‘restrictive list’ of antimicrobials to be
prescribed. In addition, anonymised and aggregated
denominator data were also collected for the entire
eligible LTCF population and included information on
gender distribution, as well as the proportion of resi-
dents aged over 85 years who were receiving at least
one antimicrobial agent, were disoriented in time and/
or space, had urinary and/or faecal incontinence, had
impaired mobility, had pressure sores, had a urinary
catheter, had a vascular catheter, had other wounds
and/or had surgery in the previous 30 days.

Statistical analysis

All data were checked for errors, omissions and incon-
sistent answers on the national level and centrally
before analysis.

Analyses were performed in SAS 9.3 (SAS Institute,
Cary, NC, United States) and R 3.5.0 (R Foundation for
Statistical Computing, Vienna, Austria). We calculated
the crude, pooled prevalence of antimicrobial use as
the number of residents receiving at least one antimi-
crobial agent divided by the total number of eligible
residents on the day of the survey. We also calculated
the mean, median and interquartile range (IQR) for the
prevalence of antimicrobial use for the included LTCFs
overall and within each country.

Multivariable linear regression was used to assess the
association between antimicrobial use on the day of
the survey and the type and size of LTCFs, as well as
characteristics of the LTCF resident population, includ-
ing care load indicators. Countries reporting data by
LTCF ward without indication of the corresponding LTCF
(Portugal and Sweden), or data from LTCFs with miss-
ing population data on the LTCF questionnaire (France
and Norway), as well as LTCFs which reported a prev-
alence of antimicrobial use of more than 60%, were
excluded from this analysis. The latter were considered
outliers and represented less than 0.2% of all partici-
pating LTCFs.

Ethical considerations and confidentiality

Each participating country had different requirements
for ethical approval for the survey, with some requir-
ing approval from an ethics committee as well as writ-
ten informed consent of the residents (or their proxies).
Confidentiality of the data was ensured by the use of

www.eurosurveillance.org

a unique, coded survey identification number for each
LTCF and for each resident.

Results

Participation

In total, 3,052 LTCFs with 181,462 eligible residents
from 24 EU/EEA countries participated in the survey.
After adjustment for over-representation of countries
contributing to the survey with more than the recom-
mended number of residents, 102,301 eligible residents
from 1,788 LTCFs remained in the dataset used for
this analysis (Table 1). Data from the United Kingdom
(UK) were reported separately for three administra-
tions: UK-Northern Ireland, UK-Scotland and UK-Wales.
UK-England did not participate in the survey. The Czech
Republic only provided institutional-level data for nine
LTCFs and was therefore excluded in the antimicrobial
use and resident data analysis.

Antimicrobial use and resident data

On the day of the survey, 5,035 residents received at
least one antimicrobial agent, resulting in a crude,
pooled prevalence of antimicrobial use of 4.9% (95%
Cl: 4.8 to 5.1). The mean antimicrobial use prevalence
of LTCFs was 5.8% and the median was 3.6% (inter-
quartile range (IQR): 0.0-8.5) (Table 1).

Detailed information on antimicrobial prescribing
was provided for 5,006 residents (i.e. all participat-
ing countries except Cyprus and the Czech Republic).
The median age of residents was 85 years; 65.7% were
female and 93.8% received one antimicrobial agent,
while 5.8% received two and 0.4% received more
than two. In total, 5,344 antimicrobial agents were
reported to have been given on the day of the survey,
an average of 1.07 antimicrobial agents per resident.
Antimicrobials were mainly administered orally (88.1%)
The parenteral route (intramuscular or intravenous)
was used for 10.9% of prescribed antimicrobials and
nasal or rectal administration route was reported for
only 0.7% of prescribed antimicrobials.

Antimicrobials were most frequently prescribed within
the same LTCF (77.9%), followed by an acute care hos-
pital (12.9%) or another location (5.1%), with no data
provided for the remaining 4.2%. The indication was
reported as treatment for 69.5% and prophylaxis for
29.4% of prescribed antimicrobials, and indication was
missing for the remaining 1.1%. An end or review date
for the prescription was documented for 64.6% of pre-
scribed antimicrobials and was higher for treatment
(81.6%) than for prophylaxis (26.2%). Figure 1 shows
the distribution of antimicrobial use by indication and
common site of infection for the EU/EEA overall and for
each country.

Overall, the urinary tract was the most common body
site for which antimicrobials were prescribed (46.1%),
followed by respiratory tract (29.4%) and skin or wound
(12.6%). Combined, these sites accounted for 88.0% of



all antimicrobial prescriptions. When stratified by indi-
cation, the most common sites for antimicrobial treat-
ment were the respiratory tract (37.2%), urinary tract
(34.4%), skin or wound (15.8%) and gastrointestinal
tract (2.8%). For prophylaxis, the urinary tract was the
most common body site (74.0%), followed by respira-
tory tract (11.3%), skin or wound (4.8%), another non-
specified body site (3.4%) and gastrointestinal tract
(2.40/0).

Antibacterials for systemic use (ATC Jo1) accounted for
95.4% of all antimicrobial prescriptions. Other antimi-
crobial groups accounted for the remaining 4.6%, i.e.
nitroimidazole derivatives (Po1AB, 1.5%), intestinal
anti-infectives—antibiotics (Ao7AA, 1.3%), antimycotics
for systemic use (Jo2, 1.2%), antimycobacterials for
treatment of tuberculosis (Jo4A, 0.5%) and antifungals
for systemic use (Do1B, 0.2%).

In total, 5,098 prescriptions of antibacterials for sys-
temic use (ATC Jo1) were reported. Within this group,
the most frequently reported subgroups were: beta-
lactam antibacterials, penicillins (Jo1C: 30.2%), other
antibacterials (Jo1X: 18.6%), quinolones (Jo1M: 14.9%),
sulfonamides and trimethoprim (Jo1E: 13.3%) and other
beta-lactams (Jo1D: 12.6%). Other groups accounted
for the remaining 10.4% of antibacterials for systemic
use. Figure 2 shows the distribution of antibacterials
for systemic use by indication (prophylaxis or treat-
ment) and by country.

For prophylaxis of urinary tract infection (UTI), the
most frequently used antimicrobial agents were tri-
methoprim (Jo1EAo1: 29.7%), nitrofurantoin (Joi1XEo1:
27.0%), methenamine (Jo1XXos: 11.6%), cefalexin
(Jo1DBo1: 6.1%) and fosfomycin (Jo1XXo1: 5.9%); these
accounted for 81.8% of all antimicrobials used for
prophylaxis of UTI.

The LTCF and LTCF population characteristics associ-
ated with prevalence of antimicrobial use, as identi-
fied in the multivariable linear regression analysis,
are presented in Table 2. The regression model indi-
cated that LTCF and LTCF population characteristics
only explained 19% of the variance in the prevalence
of antimicrobial use (R> = 0.1889). Prevalence of
antimicrobial use was significantly higher in mixed
LTCFs, as well as in LTCFs with less than 65 beds. For the
demographic characteristics, for one percent increase
in the proportion of male residents the prevalence of
antimicrobial use increased by 7%. For one percent
increase in the proportion of residents over 85 years
of age, the prevalence of antimicrobial use increased
by 5%. For the care load indicators and risk factors,
the most significant increases in antimicrobial use
prevalence were associated with the proportion of
residents with a vascular catheter and with surgery
in the previous 30 days; for one percent increase in
the proportion of these risk factors, the prevalence
increased by 26% and 20%, respectively.

Antimicrobial stewardship indicators

Of the antimicrobial stewardship indicators reported at
LTCF level, the most common was ‘written guidelines
for appropriate antimicrobial use in the LTCF’ (39.4%).
Annual regular training on appropriate antimicrobial
prescribing was reported by 20.7% of LTCFs included
in the sample. Having a ‘restrictive list’ of antimicrobi-
als was reported by 24.0% of LTCFs; the antimicrobials
most commonly restricted were carbapenems (Jo1DH,
70.1%), parenteral vancomycin (Joi1XAo1, 63.7%), all
intravenously administered antibiotics (53.9%), gly-
copeptides (Jo1XA, 53.9%), third-generation cephalo-
sporins (Jo1DD, 45.3%), ‘broad-spectrum antibiotics’
(41.9%), fluoroquinolones (JoiMA, 32.8%) and mupi-
rocin (Do6AX09 and Ro1AX06, 21.3%) (Table 3).

Discussion

This study examined antimicrobial prescribing in LTCFs
in 24 EU/EEA countries. The crude prevalence of resi-
dents receiving at least one antimicrobial agent was
4.9%; the majority of antimicrobials being adminis-
tered orally. Antimicrobials were more frequently pre-
scribed for the treatment of an infection, while almost
one third were given as prophylaxis. The crude prev-
alence of antimicrobial use in this survey in 2016-17
was similar to that reported in previous similar HALT
surveys from 2010 (4.3%) and 2013 (4.4%) [19,20]. UTIs
and respiratory tract infections were the main indica-
tions for antimicrobial use, both for treatment or as
prophylaxis. This and previous similar surveys in the
EU/EEA consistently show large variations of antimicro-
bial prescribing practices in LTCFs, across and within
participating countries [19-21]. The prevalence of resi-
dents receiving antimicrobials for prophylaxis also var-
ied largely across countries. In Denmark and Finland,
prophylaxis was reported more frequently than treat-
ment, confirming the high proportion of prophylaxis
reported in previous surveys from these countries
[19,20].

The most commonly prescribed antimicrobials were:
penicillins, other antibacterials, quinolones, sulfona-
mides and trimethoprim, and other beta-lactams.
Penicillins, other antibacterials and quinolones were
also the most frequently prescribed antimicrobi-
als in both the 2010 and 2013 HALT surveys. For UTI
prophylaxis, other antibacterials, sulfonamides and
trimethoprim, and penicillins were the most commonly
prescribed antimicrobials, as in both the 2010 and
2013 surveys [19,20].

There is variation within the EU/EEA in what is consid-
ered long-term care with regard to sheltered housing,
length of stay and range of beneficiaries, as well as
an absence of a clear division between medical and
social services [22]. To enhance comparability, we
only included nursing homes, residential homes and
mixed LTCFs in this analysis. Despite this, we noted dif-
ferences in the case-mix of resident populations. For
example, Spain reported that post-acute care residents
were commonly included to the surveyed population. In
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the Netherlands, the level of care provided in the LTCFs
covers residents that previously would have often been
admitted to a hospital. Therefore, such differences in
the definition of long-term care might partially explain
a high prevalence of antimicrobial use in some EU/EEA
countries. The large variation between LTCFs in the
prevalence of residents with a vascular catheter or with
previous surgery is an indication that some of the par-
ticipating LTCFs could, in fact, be step-down facilities
with a very different resident case-mix than an average
nursing home.

Large differences were observed in the prevalence of
care load indicators and risk factors between coun-
tries, as well as within each country (unpublished
data). Our multivariable analysis showed that several
of these indicators and risk factors were independently
and positively associated with prevalence of antimi-
crobial use. However, our model that took into account
LTCF characteristics and resident characteristics,
including care load and risk factors, only explained
19% of the variation in the prevalence of antimicrobial
use in LTCFs in EU/EEA countries. This suggests that
other factors, such as national or regional regulations
on antimicrobial use, as well as local habits and pre-
scriber preferences and practices, have a larger impact
than characteristics of the residents’ population [23].
In this survey, prophylaxis of UTI was a frequent indica-
tion for antimicrobial use in LTCFs, remaining the most
common indication in several countries and showing no
significant decline since the HALT surveys performed in
2010 or 2013 [19,20]. Although evidence suggests that
long-term antimicrobials for prophylaxis may reduce
the risk of recurrence of UTIs in women [24], this ben-
efit diminishes immediately on cessation of antimicro-
bial use and, more importantly, is associated with a
large increase in the proportion of antibiotic-resistant
bacteria isolated from urine and faeces. Therefore, the
practice of prescribing antimicrobials for prophylaxis
of UTI should be carefully evaluated, and more studies
about the effectiveness of prophylaxis of UTls in the
LTCF populations may be needed, depending also on
the chosen antimicrobial. For example, the character-
istics of methenamine (ATC Jo1XXos5) are very different
from that of other antimicrobials commonly prescribed
for prophylaxis of UTI [25,26].

Information on antimicrobial stewardship indica-
tors was collected to describe the resources avail-
able in LTCFs to support rational use of antimicrobials.
Documentation of the end or review date for the pre-
scription in the residents’ notes is an indicator of the
quality of antimicrobial prescription, and this end or
review date was documented for almost two out of
three prescriptions overall; however, end or review
dates were only reported in one out of four prescrip-
tions for prophylaxis. Other antimicrobial stewardship
indicators, such as guidelines for appropriate use,
were reported by a small proportion of LTCFs in the EU/
EEA. Some countries, such as France, Germany, the
Netherlands and Norway, reported the dissemination
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of national guidelines and Norway and the Netherlands
reported that the guidelines were specific for the
elderly patient population. The antimicrobial steward-
ship indicator data in this survey were comparable
with that from previous similar surveys, which indicate
that improvements in antimicrobial stewardship are
urgently needed in LTCFs in the EU/EEA [16,27].

The strengths of this survey include the use of a stand-
ardised protocol across all participating LTCFs, the col-
lection of detailed data on the LTCF characteristics and
antimicrobial stewardship practices and the inclusion
of a wide variety of LTCF residents and data on their
antimicrobial use. The survey is characterised by broad
participation and a very large sample size, providing a
good overall picture of antimicrobial use in LTCFs in the
EU/EEA, with meaningful benchmarks for participating
countries and LTCFs. Considering the participation and
representativeness of the current survey, it is impor-
tant to note that the overall number of participating
countries increased from the previous HALT survey in
2013; in addition, the number of participating LTCFs
increased progressively between the first survey in
2010 and this iteration in 2016-17. Increasing partici-
pation remains important, as repeating the survey at
European level with regular time intervals can encour-
age countries to develop their own national surveil-
lance network for LTCFs, as has been the case in the
Netherlands, Norway and Sweden, for example [28-30].

One limitation of this survey was its cross-sectional
design, as a survey conducted on one single day can
be prone to variation. Nevertheless, this methodology
was chosen because of its feasibility when applied in
settings with limited resources for surveillance and for
infection prevention and control, such as LTCFs. Another
limitation was that country representativeness was not
optimal in all countries and convenience sampling was
often used; both of these factors add to the limitations
for inter-country comparisons. An additional limitation
of our analysis was the large number of LTCFs that did
not report any resident with at least one antimicrobial
agent on the day of the survey, which may be another
consequence of the differences between participating
LTCFs and might warrant more sophisticated statistical
methods to take this into account in future analyses.

In conclusion, this third PPS provided overall repre-
sentative data on antimicrobial use in LTCFs across the
EU/EEA countries, and demonstrated that continued
surveillance for antibiotic use and stewardship prac-
tices in LTCFs remains critical. The survey data allow for
identifying targets for future antimicrobial stewardship
interventions, specifically in LTCFs; for example focus-
ing on prophylaxis for UTls, following up on the impact
of interventions and, ultimately, contributing to the
promotion of prudent use of antimicrobials in LTCFs.
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Antimicrobial agents used to treat infections are life-
saving. Overuse may result in more frequent adverse
effects and emergence of multidrug-resistant microor-
ganisms. In 2016-17, we performed the second point-
prevalence survey (PPS) of healthcare-associated
infections (HAIs) and antimicrobial use in European
acute care hospitals. We included 1,209 hospitals and
310,755 patients in 28 of 31 European Union/European
Economic Area (EU/EEA) countries. The weighted prev-
alence of antimicrobial use in the EU/EEA was 30.5%
(95% Cl: 29.2-31.9%). The most common indication for
prescribing antimicrobials was treatment of a commu-
nity-acquired infection, followed by treatment of HAI
and surgical prophylaxis. Over half (54.2%) of antimi-
crobials for surgical prophylaxis were prescribed for
more than 1 day. The most common infections treated
by antimicrobials were respiratory tract infections and
the most commonly prescribed antimicrobial agents
were penicillins with beta-lactamase inhibitors. There
was wide variation of patients on antimicrobials, in
the selection of antimicrobial agents and in antimicro-
bial stewardship resources and activities across the
participating countries. The results of the PPS provide
detailed information on antimicrobial use in European
acute care hospitals, enable comparisons between
countries and hospitals, and highlight key areas for
national and European action that will support efforts
towards prudent use of antimicrobials.
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Background

Antimicrobials are commonly used in acute care hos-
pitals for the treatment of both community-acquired
and healthcare-associated infections (HAIs), and for
surgical prophylaxis [1]. Studies have indicated that
some antimicrobial use may be unnecessary and in
instances when use is required, the selection, dose,
route of administration and duration of treatment may
be inappropriate [2,3]. Through selection pressure,
antimicrobials contribute to the emergence and spread
of antimicrobial resistance (AMR) [4]. Moreover, antimi-
crobial use has adverse consequences, including HAls
caused by Clostridium difficile [5,6], multidrug-resist-
ant organisms [7] and fungi [8].

Data on antimicrobial consumption in acute care hos-
pitals are necessary to assess the magnitude, the
reasons and determinants of antimicrobial use and to
inform public health policies that are promoting pru-
dent use of antimicrobials. In June 2017, the European
Commission published the European guidelines for
the prudent use of antimicrobials in human medicine
[9]. These guidelines recommend establishing anti-
microbial stewardship programmes in all healthcare
facilities. Although antimicrobial consumption in hos-
pitals is measured at a national level by some EU/EEA
countries, methodologies are not always consistent
between countries and therefore preclude valid com-
parisons. The European Surveillance of Antimicrobial
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FIGURE 1

Indications for antimicrobial use in acute care hospitals, 28 European Union/European Economic Area countries® and
Serbia, 2016-2017
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aFor the UK, data for England, Northern Ireland, Scotland and Wales are presented separately.

The three EU/EEA countries that did not participate were Denmark, Lichtenstein and Sweden.
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FIGURE 2

Surgical prophylaxis in acute care hospitals, by dose and duration, 28 European Union/European Economic Area countries®
and Serbia, 2016-2017
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Consumption Network (ESAC-Net) monitors the use of
antimicrobials in the EU/EEA, but does not provide uni-
form information on antimicrobial use in hospitals and
does not include clinical data to assess the appropri-
ateness of antimicrobial prescriptions [10].

Point prevalence surveys (PPSs) are a feasible method
to assess antimicrobial use in hospitals, and their
value in identifying targets for interventions has been
demonstrated [2,11]. The European Centre for Disease
Prevention and Control (ECDC) PPS of HAIs and antimi-
crobial use in European acute care hospitals applies
a standardised methodology for the estimation of the
prevalence of both HAls and antimicrobial use across
the EU/EEA. The first ECDC PPS in 2011-12 indicated
that 32.7% of patients in acute care hospitals received
one or more antimicrobial agents on the day of the sur-
vey, which translated to more than 450,000 patients
receiving at least one antimicrobial agent on any given
day in European acute care hospitals [1].

In this study, based on data from the second PPS in
2016-17, we aimed at estimating the prevalence of anti-
microbial use and describing the indications and the
prescribed antimicrobial agents. Further, we aimed to
raise awareness, identify targets for improvement and
provide a standardised tool for evaluating the effect of
local, regional and national policies on strengthening
prudent use of antimicrobials in European acute care
hospitals.

Methods

Survey design

The PPS was performed in 28 EU/EEA countries and
one EU candidate country, Serbia. The countries were
recommended to select the participating acute care
hospitals by systematic random sampling. Data were
collected by trained staff on 1 day per ward during four
possible periods in 2016—17. The periods were selected
to be out of the winter period (December—February)
when antimicrobial use is the highest and out of the
summer holiday season (July—August) when staffing at
hospitals is usually low.

All participating countries applied a standardised pro-
tocol updated from a version used in an earlier PPS
conducted in 2011-12 [12]; the main update was the
addition of a larger number of structure and process
indicators for the prevention of HAIs and for antimi-
crobial stewardship. All patients admitted to the ward
before or at 0800 on the day of the PPS and were still
present at the time of the PPS were included. It was
also possible to provide aggregated denominator data
at ward level (‘light’ protocol).

Data collection

Data collected included; hospital type and size, ward
specialty, patient demographic data and risk factors
and whether the patient was receiving one or more
antimicrobial agent at the time of the PPS.

For patients receiving one or more antimicrobials
additional data were collected for each antimicrobial
prescribed including; the agent, the route of admin-
istration, the dosage and indication based on pre-
scriber judgement (treatment of community, hospital or
long-term care acquired infection, surgical or medical
prophylaxis), diagnosis by anatomical site in case of
treatment (e.g. pneumonia, urinary tract infection etc.),
documentation of the reason for antimicrobial prescrip-
tion in the medical records, and whether the current
antimicrobial regimen was the same as the one that
had been initiated. In case of change, the reason for
change had to be indicated (escalation, de-escalation,
switch from intravenous to oral, adverse effects, other
or unknown).

Prevalence of antimicrobial use and the number of
Defined Daily Doses

The 2018 version of the Anatomical Therapeutic
Chemical/Defined Daily Dose (ATC/DDD) index of the
World Health Organization (WHO) Collaborating Centre
for Drug Statistics Methodology was used for calculat-
ing the prevalence of antimicrobial use and the num-
ber of DDDs per 100 patients on the day of PPS [13].
Antimicrobial agents for systemic use within ATC groups
Ao7AA (intestinal antiinfectives), Do1BA (dermatologi-
cal antifungals for systemic use), Jo1 (antibacterials
for systemic use), Jo2 (antimycotics for systemic use),
Jo4 (antimycobacterials) as second-line treatment of
e.g. meticillin-resistant Staphylococcus aureus (MRSA)
infections (rifampicin) or for treatment of mycobacteria
other than tuberculosis (MOTT) and Po1AB (nitroimida-
zole-derived antiprotozoals) were included. Antiviral
agents and antimicrobials for the treatment of myco-
bacteria were not included. For the calculation of the
number of DDD per 100 patients, children and adoles-
cents (< 18 years of age) and neonates were excluded,
as DDDs are defined for adults only.

Structure and process indicators

Data on the structure and process indicators in relation
to antimicrobial stewardship were collected at hospital
level including; number of full-time equivalent antimi-
crobial stewardship consultants, existence of a formal
hospital procedure for post-prescription review of the
appropriateness of an antimicrobial within 72 hours (3
calendar days) from the initial order and participation
in a national or regional hospital antimicrobial con-
sumption surveillance network.

Data from the United Kingdom (UK) were reported
separately for the four administrations: UK-England,
UK-Northern Ireland, UK-Scotland and UK-Wales.

Descriptive analysis

All analyses were performed with R, version 3.4.0 (R
Foundation for Statistical Computing, Vienna, Austria).
Country representativeness of the sample was consid-
ered ‘optimal’ if the recommended systematic random
sampling of hospitals was used, ‘good’ if a sufficient
number of representative hospitals was selected

www.eurosurveillance.org



FIGURE 3

Antimicrobial agents (ATC code) accounting for 75% of antimicrobial use (Drug Utilisation 75%) in acute care hospitals,

European Union/European Economic Area countries, 2016-2017
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The three EU/EEA counties that did not participate were Denmark, Lichtenstein and Sweden.

applying a different methodology or ‘poor’ if there was
no systematic selection of a representative sample
hospitals. For countries contributing to the survey with
more than 20,000 patients, a randomised sub-sample
was used in the final analysis to avoid over-represen-
tation of these countries when making analyses for the
EU/EEA overall.

The prevalence of antimicrobial use was reported as
the percentage of patients receiving at least one anti-
microbial agent on the day of the survey. Antimicrobial
groups and agents were classified according to the
ATC/DDD index at the level of the chemical group

www.eurosurveillance.org

(4" ATC level) and the chemical substance (5" ATC
level). The relative frequencies of antimicrobial groups
(4" ATC level) were calculated. In addition, the relative
frequencies of individual antimicrobial agents (5" ATC
level) that represented the Drug Utilisation 75%
(DU75%), i.e. describing the agents that made 75% of
total antimicrobial use in the participating hospitals,
were also reported [14].

The proportion of the broad-spectrum antibacterials,
among all antibacterials for systemic use (ATC Jo1), was
also calculated — as proposed in the ECDC, European
Food Safety Authority (EFSA) and European Medicines



FIGURE 4

Proportion of broad-spectrum antibacterials® among all antibacterials for systemic use (JO1), 28 European Union/European

Economic Area countries® and Serbia, 2016-2017
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Scientific Opinion: piperacillin and beta-lactamase inhibitor (ATC Jo1CRo5), third- and fourth-generation cephalosporins (Jo1DD and Jo1DE),
monobactams (Jo1DF), carbapenems (Jo1DH), fluoroquinolones (Jo1MA), glycopeptides (Jo1XA), polymyxins (Jo1XB), daptomycin (Jo1XX09)

and oxazolidinones: linezolid (Jo1XX08) and tedizolid (Jo1XX11) [15].

®For the UK, data for England, Northern Ireland, Scotland and Wales are presented separately.

The three EU/EEA counties that did not participate were Denmark, Lichtenstein and Sweden.

Agency (EMA) Joint Scientific Opinion on a list of out-
come indicators for surveillance of AMR and antimi-
crobial consumption in humans and food producing
animals [15]. The following antimicrobial groups and
agents were included under broad-spectrum antimi-
crobials: piperacillin and beta-lactamase inhibitor (ATC
Jo1CRos5), third- and fourth-generation cephalosporins
(Jo1DD and Jo1DE), monobactams (Jo1DF), carbapen-
ems (Jo1DH), fluoroquinolones (Jo1MA), glycopeptides
(Jo1XA), polymyxins (Jo1XB), daptomycin (Jo1XXo9)

and oxazolidinones: linezolid (Jo1XXo8) and tedizolid
(Jo1XX11) [15].

Statistical analysis
Adjustment for design effect due to clustering of anti-
microbial use in the participating hospitals for estima-
tion of the confidence intervals was performed with
the ‘survey’ package (v. 3.33-2) for analysis of complex
survey samples in R.
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For the calculation of the EU/EEA prevalence of anti-
microbial use, the participating countries’ prevalence
was weighted using the number of occupied beds per
day as estimated by the latest available Eurostat data
[16].

For countries applying the standard protocol, a multi-
ple logistic regression model was built to predict the
country prevalence of patients receiving one or more
antimicrobial agents on the day of survey based on
case-mix. The variables included in the model were
age, sex, length of hospital stay (i.e. number of days
up to the day of survey), McCabe score, intubation,
presence of urinary catheter, surgery since admission,
patient/consultant specialty, hospital type and hospi-
tal size [1].

For countries applying the ‘light’ protocol, and thus
only submitting aggregated denominator data, the
model included only patient/consultant specialty, hos-
pital type and hospital size.

Ethics statement

Ethical approval was at the discretion of each national
public health and government body. All data shared
with ECDC on patient and institutional level were
anonymous.

Results

In total, 1,753 hospitals from 29 countries partici-
pated in the PPS, of which two countries, Germany and
Norway, provided aggregated denominator data on a
ward level. The representativeness of the sample was
optimal in 17 countries, good in 10 countries and poor
in two countries (Bulgaria and the Netherlands). After
adjustment for over-representation of countries con-
tributing to the PPS with more than 20,000 patients,
325,737 patients from 1,275 hospitals remained in the
dataset used for this analysis.

Pooled results were only reported for the EU/EEA cor-
responding to 310,755 patients from 1,209 hospitals.
Of these, 357 (29.5%) were primary care hospitals, 414
(34.2%) were secondary care hospitals, 245 (20.3%)
were tertiary care hospitals and 165 (13.6%) were spe-
cialised hospitals. The hospital type was unknown for
28 (2.3%) hospitals.

Prevalence of antimicrobial use

Among all patients, 102,093 (32.9%) received at least
one antimicrobial agent. Among these, 72,094 (70.6%)
received one antimicrobial agent, 24,091 (23.6%)
received two, 4,631 (4.5%) received three, and 1,277
(1.3%) received four or more antimicrobial agents (max-
imum eight). In total, 139,609 prescribed antimicrobial
agents were recorded. The overall weighted prevalence
of antimicrobial use in EU/EEA countries was 30.5%
(range 15.9-55.6%) (Table 1). Antimicrobials for sys-
temic use (Jo1) accounted for 128,881 (92.3%) pre-
scriptions, antimycotics for systemic use (Jo2) for
4,425 (3.2%), antimycobacterials (Jo4) as second-line
treatment of e.g. MRSA infections (rifampicin) or for
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treatment of mycobacteria other than tuberculosis
(MOTT) for 2,315 (1.7%), nitroimidazole-derived anti-
protozoals (Po1AB) for 2,113 (1.5%), intestinal antiin-
fectives (Ao7AA) for 1,857 (1.3%) and dermatological
antifungals for systemic use (Do1BA) for 18 (1.3%).
Most antimicrobial agents (101,638 prescriptions,
72.8%) were administered parenterally, 37,530 (26.9%)
orally, 266 (0.2%) by inhalation, and 175 (0.1%) by
other routes. The reason for prescribing the antimicro-
bial was documented in the patient’s medical records
for 112,033 (80.2%) prescriptions.

Indications for antimicrobial use

Of 139,609 antimicrobial agents prescribed, 98,986
(70.9%) were for treatment of infection and of these
69.8% were prescribed for the treatment of a commu-
nity-acquired infection (Figure 1). The most common
site of infection was the respiratory tract (31.8%), fol-
lowed by systemic infections (14.7%), the urinary tract
(13.9%) and the gastrointestinal tract (13.6%). Other
body sites accounted for 26.0% of the site of infection
for antimicrobial treatment.

The proportion of antimicrobial agents prescribed for
prophylaxis was 24.9%. More than half (10,741/19,798,
54.2%) of surgical prophylaxis courses were prescribed
for more than 1 day (country range 19.8—-95.0%) (Figure
2).

Most commonly used antimicrobial agents

The antimicrobial agents that accounted for 75%
of total antimicrobial use (DU75%) are presented
in Figure 3. Antimicrobial prescription varied by indi-
cation. Of 27,324 antimicrobial prescriptions used for
the treatment of HAls, combination of penicillins with
beta-lactamase inhibitors (Jo1CR) were the antimicro-
bial agents most commonly used (19.8%) followed by
carbapenems (JoiDH) and fluoroquinolones (JoiMA)
with 9.9% and 9.4%, respectively.

Of 69,067 antimicrobial prescriptions for the treat-
ment of community-acquired infections, the three
antimicrobial agents most commonly prescribed were
combinations of penicillins and beta-lactamase inhibi-
tors (Jo1CR: mainly amoxicillin and beta-lactamase
inhibitor, Jo1CRo2, and piperacillin and beta-lactamase
inhibitor, Jo1CRos) followed by third-generation cepha-
losporins (Jo1DD) and fluoroquinolones (Jo1tMA) with
23.2%, 11.7% and 11.1%, respectively.

Of 19,798 antimicrobial prescriptions for surgical
prophylaxis, the three most common antimicrobial
agents were first-generation cephalosporins (Jo1DB),
second-generation cephalosporins (JoiDC) and com-
binations of penicillins with beta-lactamase inhibitors
(Jo1CR), with 26.6%, 17.9% and 15.1%, respectively. The
proportion of broad-spectrum antibacterials among all
antibacterials for systemic use (Jo1) is shown in Figure

4.



FIGURE 5

Change of antimicrobial during the infection episode and reported reason for change, 26 European Union/European
Economic Area countries® and Serbia, 20162017
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aFor the UK, data for England, Northern Ireland and Scotland are presented separately.

Greece, Norway and UK-Wales did not collect information on change of antimicrobials.

The three EU/EEA counties that did not participate were Denmark, Lichtenstein and Sweden.
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Change of antimicrobial agent

In total, information about change of the antimicrobial
during the infection episode was reported for 76.8%
of antimicrobial prescriptions. For antimicrobial pre-
scriptions where the information was reported, most
(79.0%, country range: 61.5-93.6%) had not been
changed since the initiation of the treatment (Figure 5).
Escalation, de-escalation and switch from intravenous
to oral use were reported for 10.9%, 3.9%, and 4.0%
antimicrobial prescriptions, respectively. The change
was due to adverse effects for 0.4% and to other rea-
sons for 1.8% prescriptions.

Antimicrobial stewardship structure and
process indicators

The median full-time equivalents for antimicrobial
stewardship consultants per 250 beds was 0.08 (coun-
try range: 0-0.60), with 76.3% of the participating
hospitals reporting antimicrobial use guidelines and
54.3% reporting some dedicated time for antimicrobial
stewardship. Among the hospitals that submitted infor-
mation on structure and process indicators for antimi-
crobial stewardship, the proportion of hospitals in the
EU/EEA participating countries that had implemented
a formal policy for post-prescription review in at least
one ward was 52.5% while the proportion of hospitals
participating in a national or regional hospital antimi-
crobial consumption surveillance network was 60.2%
(Table 2).

Discussion

One in three patients hospitalised in acute care hospi-
tals in the EU/EEA received one or more antimicrobials
on the day of the PPS. The majority of the antimicro-
bials were prescribed for the treatment of a commu-
nity-acquired infection. However, almost one in five
antimicrobial prescriptions was for the treatment of a
HAI. Prevention and control of HAls reduces the need
for antimicrobials and is an essential component of
strategies to reduce unnecessary antimicrobial use.
Antimicrobial use was similar to or lower than what was
observed in other studies, such as the international
PPS (range: 27.4—50.0%) [17] or the United States (US)
2011 PPS (49.9%) [18].

About one in seven antimicrobial prescriptions was
for surgical prophylaxis, which represented the third
most common indication. Surgical prophylaxis is rec-
ommended for the prevention of surgical site infections
[19,20]. For the majority of surgical procedures, one
preoperative dose is sufficient. In this PPS, however,
more than half of the antimicrobial courses for surgi-
cal prophylaxis lasted more than 1 day. Although this
proportion slightly decreased since the first survey in
2011-12 (54% VS 59%), it remains very high and out-
side the recommended duration in common with other
studies where it ranged from 40.6% to 86.3% [17]. This
is an important source of unnecessary use of antimicro-
bials and should be a priority target for future efforts
on antimicrobial stewardship in many European acute
care hospitals.
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Overall, more than one in 10 antimicrobial prescrip-
tions were for medical prophylaxis. This proportion is
higher than the proportion of medical prophylaxis in
the international PPS (7.4%) [17] and the proportion
of medical prophylaxis in the US 2011 PPS (6.9%) [18].
Given the limited number of indications for medical
prophylaxis and that it should only be used when indi-
cated in relevant guidelines [9], a proportion of these
prescriptions may represent antimicrobial use without
clear indication and are therefore, unnecessary.

Pneumonia was by far the most common indication
for antimicrobial treatment, accounting for one in four
antimicrobials prescribed for therapeutic indications.
Lower urinary tract infection was the second most
frequent indication, accounting for almost one in 10
prescribed antimicrobials for therapeutic indications.
These results are comparable with those of the 2011-
12 survey (where 23.1% of prescriptions for therapeutic
indications were for pneumonia and 11.1% for lower uri-
nary tract infection) and in line with the US 2011 PPS
on antimicrobial use [18], although the proportion of
antimicrobials for treatment of a urinary tract infection
was slightly lower in the international PPS than in our
survey [17].

There was considerable variability in the prevalence
of antimicrobial use among participating countries.
Although part of this variability may be explained by
differences in patient case-mix and the incidence of
HAls, it also reflects differences in antimicrobial pre-
scription practices in acute care hospitals e.g. variation
in the ratio between penicillins vs other beta-lactam
antibiotics (including cephalosporins and carbap-
enems) and fluoroquinolones between participating
countries (data not shown).

The most commonly prescribed antimicrobial agents
were amoxicillin and beta-lactamase inhibitor, pipera-
cillin and beta-lactamase inhibitor and ceftriaxone.
Despite extensive global shortage in 2017 [21], piper-
acillin and beta-lactamase inhibitor was the second
most commonly used antimicrobial whereas it ranked
fifth in the 2011-12 survey. By contrast, ciprofloxa-
cin, which was the second most commonly prescribed
antimicrobial agent in the 2011—-12 survey, ranked
fourth in 2016-17. This decrease may reflect the anti-
microbial stewardship efforts or focused attempts to
reduce Clostridium difficile infections. Fluoroquinolone
and glycopeptide use was lower in the EU/EEA in 2016—
17 than reported in the US 2011 PPS where these anti-
microbials were the first and second most commonly
prescribed ones (accounting for 14.4% and 10.8% of
prescriptions, respectively) [18].

Among the reasons for change of antimicrobial during
the infection episode, the proportion of de-escalation
and switch from intravenous to oral administration var-
ied among participating countries. In several countries,
de-escalation or switch to oral treatment was uncom-
mon. It was not possible to assess the appropriateness
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of low proportions of change, as no information was
collected about the reasons for continuing or changing
antimicrobial. However, both de-escalation and switch
to oral treatment likely reflect the result of review of
antimicrobial treatment when microbiological informa-
tion is available, or when the condition of the patient
improves, and are recommended measures to support
prudent use of antimicrobials [9,22].

There was large variability among participating coun-
tries in the human resources available for antimicrobial
stewardship as well as in the implemented antimicro-
bial stewardship strategies. For almost all participating
countries, some hospitals had a consultant in charge
of antimicrobial stewardship and while this is encour-
aging, considering that the majority of hospitals still
have no or limited dedicated staff for antimicrobial
stewardship (or access to such a consultant), promot-
ing this must be a priority in the coming years.

In this PPS, the proportion of broad-spectrum antibac-
terials among all antibacterials for systemic use, as
proposed by the ECDC, EFSA and EMA Joint Scientific
Opinion, reflects their level of consumption in hospitals
and the corresponding selection pressure [15]. These
antibacterials can be found in the ‘Watch’ and ‘Reserve’
groups of antimicrobials, as defined in the WHO Model
Lists of Essential Medicines [23]. In this PPS, the pro-
portion of broad-spectrum antibacterials ranged from
less than 20% to more than 50% depending on the
country. This could in part be explained by the high
prevalence of resistance among a number of reported
microorganisms, e.g. MRSA, vancomycin-resistant
enterococci or third-generation cephalosporin-resist-
ant Enterobacteriaceae [24]. However, many of these
antibacterials are also associated with both emergence
and spread of healthcare-associated Clostridium dif-
ficile and multidrug-resistant microorganisms and in
particular for third-generation cephalosporins, fluoro-
quinolones and carbapenems, with the emergence of
multidrug-resistant Gram-negative bacteria [7], which
are currently among the most important public health
threats related to AMR. The wide variation and some-
times extensive use of broad-spectrum antibacterials
indicates the need to review their indications in many
countries and hospitals. Antimicrobial stewardship
programmes must be designed to take into account
both the risk of emergence of AMR and patient safety.
Ensuring that broad-spectrum antibacterials are used
appropriately is a key element of any strategy against
AMR.

An important indicator of the quality of antimicrobial
prescription is the documentation of the reason for the
prescription in the patient notes. In our survey, almost
one in five antimicrobial prescriptions did not include
documentation of the reason for antimicrobial prescrip-
tion. While this was lower than in the 201112 survey, it
still indicates that ensuring that antimicrobial prescrip-
tions can be reviewed effectively in all cases to assess
their appropriateness remains an ongoing challenge.
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In the US 2011 PPS, the rationale for the antimicrobial
prescription was missing only in 6.9% of prescriptions
[18].

The strengths of this survey are its large size and the
use of a standardised protocol across all participating
hospitals in 28 EU/EEA countries and Serbia. With only
two EU/EEA countries (Bulgaria and the Netherlands)
having provided data on a non-representative sam-
ple of acute care hospitals and two additional EU/EEA
countries (Denmark and Sweden) having declined par-
ticipation, we believe that this PPS offers a representa-
tive picture of antimicrobial consumption in acute care
hospitals in the EU/EEA, with meaningful benchmarks
for participating countries and hospitals. The results
were largely comparable to those of the 2011—12 PPS,
which is both reassuring in terms of methodology but
disappointing in terms of little change of antimicrobial
prescription practice in European acute care hospitals
in the past 5 years.

One limitation of this survey is its cross-sectional
design, which evaluated antimicrobial use on 1 day
only. However, this design has been shown to provide
reliable results that can be used for identifying targets
for intervention [2]. Moreover, the size and representa-
tiveness of the sample counterbalance this limitation.
Another limitation is that we were not able to assess
whether antimicrobial prescription was in line with
existing international or national guidelines. However,
observations such as prolonged duration of surgical
prophylaxis as well as the high use of fluoroquinolo-
nes, third-generation cephalosporins and carbapen-
ems, likely indicate inappropriate antimicrobial use
that can be addressed by specific actions.

In conclusion, this second ECDC PPS of HAls and anti-
microbial use provided representative data on anti-
microbial use in acute care hospitals across EU/EEA
countries. These data allow for identifying targets
for future antimicrobial stewardship interventions.
Ultimately, these results will be helpful to promote pru-
dent use of antimicrobials at national and European
level and contribute to the efforts to ensure that
European patients are receiving appropriate treatment
while at the same time minimising the risk of adverse
effects, and the emergence and spread of AMR.
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Point prevalence surveys of healthcare-associated
infections (HAI) and antimicrobial use in the European
Union and European Economic Area (EU/EEA) from
2016 to 2017 included 310,755 patients from 1,209
acute care hospitals (ACH) in 28 countries and 117,138
residents from 2,221 long-term care facilities (LTCF)
in 23 countries. After national validation, we esti-
mated that 6.5% (cumulative 95% confidence inter-
val (cCl): 5.4-7.8%) patients in ACH and 3.9% (95%
cCl: 2.4-6.0%) residents in LTCF had at least one HAI
(country-weighted prevalence). On any given day,
98,166 patients (95% cCl: 81,022-117,484) in ACH and
129,940 (95% cCl: 79,570-197,625) residents in LTCF
had an HAI. HAI episodes per year were estimated at
8.9 million (95% cCl: 4.6-15.6 million), including 4.5
million (95% cCl: 2.6-7.6 million) in ACH and 4.4 mil-
lion (95% cCl: 2.0-8.0 million) in LTCF; 3.8 million
(95% cCl: 3.1—4.5 million) patients acquired an HAI
each year in ACH. Antimicrobial resistance (AMR) to
selected AMR markers was 31.6% in ACH and 28.0%
in LTCF. Our study confirmed a high annual number of
HAI in healthcare facilities in the EU/EEA and indicated

www.eurosurveillance.org

that AMR in HAI in LTCF may have reached the same
level as in ACH.

Introduction

In 2016, the European Centre for Disease Prevention
and Control (ECDC) estimated that the burden of six
main types of healthcare-associated infection (health-
care-associated pneumonia, urinary tract infection,
surgical site infection, Clostridium difficile infection,
neonatal sepsis and primary bloodstream infection))
expressed in disability-adjusted life years (DALYs) in
the European Union and European Economic Area (EU/
EEA) was higher than the combined burden of 31 other
infectious diseases under surveillance by ECDC [1,2].
The estimated number of healthcare-associated infec-
tions (HAI) used in the study was based on the data
of the first ECDC point prevalence survey (PPS) of HAI
and antimicrobial use in acute care hospitals (ACH)
from 2011 to 2012 [3] and did not take into account
HAI occurring in other healthcare facilities. In particu-
lar, ECDC had previously estimated that the number of
residents with an HAI on any given day in European
long-term care facilities (LTCF) was of the same order
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of magnitude as the number of patients with an HAI on
any given day in ACH [4-6].

In the period from 2016 to 2017, ECDC organised two
PPS of HAI and antimicrobial use: the second PPS in
ACH and the third PPS in LTCF in the EU/EEA. The objec-
tive of the current study was to report on the HAI and
antimicrobial resistance results of both surveys and
to estimate the combined total number of HAl on any
given day and the number of HAI per year from 2016 to
2017 in the EU/EEA.

Methods

Participation of countries

All EU/EEA countries and EU candidate and poten-
tial candidate countries were invited to organise a
national PPS in ACH and LCTF in their country in any of
four periods (April to June or September to November
of 2016 or 2017). For reasons of feasibility at national
level, the PPS in ACH and LCTF could be organised
during different periods. Data were collected accord-
ing to two specific standardised ECDC protocols [7,8].
All countries used the ECDC protocols and included
all HAI types except for one country (Norway) for ACH
and four countries (France, the Netherlands, Norway
and Sweden) for LCTF. Norway used national protocols
with the same case definitions as in the ECDC proto-
cols, but provided fewer details and did not require the
inclusion of all types of HAI. LTCF data from France and
the Netherlands were also collected using national pro-
tocols not including all types of HAI. LTCF protocols in
France, the Netherlands and Norway all included uri-
nary tract infections, lower respiratory tract infections
and skin infections, in addition other HAI types vary-
ing by country. Surveys in separate healthcare admin-
istrations in the United Kingdom (UK), i.e. England,
Northern Ireland, Scotland and Wales, were organised
independently and results were reported separately.

Selection of participating facilities and patients
It was recommended that countries selected the par-
ticipating ACH and LCTF by systematic random sam-
pling from national lists ranked by type and size to
ensure optimal country representativeness. For each
country, the required sample size was calculated for
an estimated prevalence of 6% for ACH and 4% for
LCTF, based on the results of the previous PPS [3,6],
with an absolute precision of 1%. Representativeness
was categorised as optimal, good, poor or very poor,
depending on the sampling method of the facilities, the
number of included patients/residents and the number
of included facilities [7,8]. For example, ‘optimal repre-
sentativeness’ meant that the country performed sys-
tematic sampling of at least 25 healthcare facilities or
included at least 75% of all facilities or beds at national
level, and achieved the recommended sample size.

For ACH, the protocol recommended that data from a
single ward should be collected on one single day and
that the time frame for data collection for all wards of

a single hospital would not exceed 3 weeks. For LCTF,
it was recommended to collect data on a single day,
except for larger LCTF.

We included all patients/residents present on the hos-
pital ward or LTCF at 8:00 on the day of the PPS and
still present at the time of day when the PPS was per-
formed. In addition, LTCF residents needed to be full-
time residents (i.e. living 24 hours a day in the LTCF).
Patients/residents who were temporarily absent from
their room, e.g. for diagnostic procedures, had to be
included.

Case definitions

Case definitions for HAI differed for ACH and for LCTF,
reflecting differences in access to diagnostic methods
between the two settings, as well as the specific signs
and symptoms of infection in elderly LTCF residents
[7,8]. For both PPS, an HAl was defined as active on the
day of the PPS when signs and symptoms were present
on the date of the PPS, or when signs and symptoms
were no longer present but the patient/resident was
still receiving treatment for that infection on the date
of the PPS. HAI present on admission were included
in both protocols. In the LTCF protocol, HAI associated
with a stay in any other healthcare facility — another
LTCF or a hospital — were included. In the ACH proto-
col, however, only HAI imported from other ACH were
included, excluding HAI present on admission asso-
ciated with a previous LTCF stay. LTCF data in France
and Sweden did not include HAI imported from other
healthcare facilities.

Data analysis

Data were analysed with Stata, version 14.1 (StataCorp,
Texas, United States). The prevalence of HAI was
expressed as the percentage of patients/residents with
at least one HAI on the day of the PPS. To account for
clustering within ACH or LCTF, 95% confidence intervals
(CI) were calculated using the svy proportion command
in Stata. Overall weighted prevalence percentages
were calculated by applying the country-specific preva-
lence on the number of occupied beds in each country
and summing up the total number of patients with at
least one HAI for EU/EEA countries. National denomina-
tor data were obtained by questionnaire from national
survey coordinators, from Eurostat data if national
denominator data were not submitted [9-11] or from the
previous PPS if Eurostat data were missing or incom-
plete [3,4,6]. To estimate the total number of HAI or
patients with at least one HAI for the whole EU/EEA,
the average results from participating EU/EEA coun-
tries were applied to the national denominator data
from non-participating EU/EEA countries. For data col-
lected using national protocols which did not include
all types of HAI, imputation of non-included types of
HAl was done based on EU/EEA averages to make prev-
alence percentages comparable. In ACH, imputation
resulted in adding 7.3% (36/495) of patients with HAI
in Norway. In LCTF, imputation resulted in adding 5.8%
(12/206) of residents with HAI in France, 6.9% (11/160)
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FIGURE
Correlations of composite index of antimicrobial resistance, EU/EEA countries and Serbia, 2016-2017

B. Correlation between the composite indices of AMR from
the PPS in acute care hospitals, 2016-2017 and the PPS in
long-term care facilities, 2016-2017 (n = 12 countries)

A. Correlation between the composite indices of
AMR from the PPS in acute care hospitals, 2016-2017
and EARS-Net, 2016 (n = 27 countries)
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ACH: acute care hospital; AMR: antimicrobial resistance; AT: Austria; BE: Belgium; BG: Bulgaria; CY: Cyprus; CZ: Czech Republic; DE: Germany;
EARS-Net: European Antimicrobial Resistance Surveillance Network; ECDC: European Centre for Disease Prevention and Control; EE: Estonia;
EL: Greece; ES: Spain; Fl: Finland; FR: France; HALT: Healthcare-associated infections in LTCF project; HR: Croatia; HU: Hungary; IE: Ireland;

IS: Iceland; IT: Italy; LT: Lithuania; LCTF: long-term care facility; LU: Luxembourg; LV: Latvia; MT: Malta; NL: the Netherlands; NO: Norway; PL:
Poland; PPS: point prevalence survey; PT: Portugal; RO: Romania; RS: Serbia; Sl: Slovenia; SK: Slovakia; UK: United Kingdom.

Composite index of AMR: Staphylococcus aureus resistant to meticillin, Enterococcus faecium and Enterococcus faecalis resistant to
vancomycin, Enterobacteriaceae resistant to third-generation cephalosporins, Pseudomonas aeruginosa and Acinetobacter baumannii
resistant to carbapenems; EARS-Net: Enterobacteriaceae other than Escherichia coli and Klebsiella pneumoniae not included. Other species
represented 32.5% of tested Enterobacteriaceae in ACH. France: percentage non-susceptible (resistant+intermediate) isolates instead of
percentage resistant isolates. In addition to poor representativeness of participating LCTF in Malta, specimens in these LCTF were known to be

taken predominantly in cases of treatment failure (panel B).

in the Netherlands and 7.6% (9/119) in Norway, or 0.8%
(32/3,780) overall. As these imputations were done for
the aggregated national results, correction of Cl for
clustering within LCTF could not be applied for these
countries and binomial exact Cl were used instead.

Antimicrobial resistance

Antimicrobial resistance (AMR) in HAI was evalu-
ated using two indicators: a composite index of
AMR and the percentage of carbapenem-resistant
Enterobacteriaceae. The composite index of AMR was
calculated as the percentage of resistant isolates
for the ‘first level” AMR markers in the PPS protocols
divided by the sum of the isolates for which results
from antimicrobial susceptibility testing (AST) were
reported. These first level markers were Staphylococcus
aureus resistant to meticillin (MRSA), Enterococcus
faecium and Enterococcus faecalis resistant to
vancomycin, Enterobacteriaceae resistant to third-
generation cephalosporins, and Pseudomonas aer-
uginosa and Acinetobacter baumannii resistant to
carbapenems. The percentage of resistant isolates was
not calculated when less than 10 isolates with known

AST results were reported. The composite index of AMR
at country level was validated by examining the corre-
lation with the composite AMR index calculated from
EARS-Net data from 2016, including all components
of the index except AST results for Enterobacteriaceae
other than Escherichia coli and Klebsiella pneumo-
niae because they are not included in EARS-Net [12,13].
Correlations were analysed using the Spearman cor-
relation coefficient rho and the R-squared (R? and
regression coefficient from linear regression.

Prevalence to incidence conversion

Estimates of the total number of HAI and patients
acquiring at least one HAI per year in ACH were based
on prevalence to incidence conversion using the Rhame
and Sudderth formula [14]. Details of the method are
reported in the ECDC PPS report for 2011 and 2012 [3].
In addition, sensitivity analyses of the conversion were
carried out using a method developed by Willrich et
al. (personal communication: Niklas Willrich, 24 May
2018), in which the estimates of the length of stay were
based on a Grenander estimator for discrete monoto-
nously decreasing distributions [15].
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In LCTF, only the number of HAI could be estimated. As
LTCF usually are permanent residences, HAIl do not pro-
long the length of stay of a resident as they do in ACH.
Therefore, the incidence of HAI in LCTF per year was
estimated by multiplying the prevalence by 365 days
and dividing it by the duration of infection (in days),
with a correction for an average occupancy of LTCF
beds of 95%, calculated from institutional denomina-
tor data. The duration of infection was estimated, by
type of HAI, from the date of onset to the date of the
PPS, using the median duration of HAI until the day of
the PPS multiplied by 2.

Validation studies

It was strongly recommended that all participating
EU/EEA countries perform validation studies of their
national PPSs. For the PPS in ACH, ECDC also offered
financial support to national institutions coordinat-
ing PPS so that they could organise validation studies
with @ minimum requirement to re-examine 250 patient
charts in five ACH. For both the PPS in ACH and that
in LCTF, the objective was to estimate representative
validity parameters at the EU/EEA level rather than at
country level ([16]; ACH validation protocol available
from the authors on request). Validation studies were
performed by national validation teams composed of
members of the national coordination teams, using the
ECDC HAI case definitions as gold standard. Validation
results were calculated for each country, by matching
patients included in the validation sample with their
corresponding data collected in the primary PPS. The
percentage of false positives (FP) and false negatives
(FN) was calculated from the matched analysis and
applied to the total national database to calculate the
sensitivity and specificity for each country, as several
countries selected high prevalence wards for validation
to improve precision as recommended by the validation
study protocol. For correction of the EU/EEA prevalence
of HAI, the EU/EEA mean FN and FP were applied to
the total number of patients. The validation-corrected
HAI prevalence was converted using the Rhame and
Sudderth formula to estimate the corrected HAI inci-
dence and total number of patients in ACH with at least
one HAI per year in the period 2016 to 2017.

To calculate Cl around EU/EEA estimates, the number
of patients with at least one HAI obtained from the
lower and upper limits of the country-specific 95% Cls
were summed up and divided by the total number of
occupied beds (for prevalence) or the total number of
discharges (for estimated incidence) in the EU/EEA.
These ‘cumulative 95% CI’ (95% cCl) therefore reflect
a larger, more conservative uncertainty than would be
obtained by calculating 95% Cl on the EU/EEA totals,
which is in accordance with the limitations of the prev-
alence measurement and the uncertainty inherent to
the conversion of prevalence to incidence.
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Results
Point prevalence survey in acute care hospitals

Participation

In total, 1,735 hospitals from 28 EU/EEA countries and
one EU candidate country (Serbia) participated in the
second PPS of HAI and antimicrobial use in European
ACH in the period 2016 to 2017. Counting UK adminis-
trations separately, the country representativeness of
the sample was optimal in 20 countries, good in 10, and
poor in two countries. After adjustment for over-repre-
sentation of countries contributing more than 20,000
patients to the PPS, 325,737 patients from 1,275 ACH
remained in the final sample. Aggregated results were
only reported for the EU/EEA, corresponding to 310,755
patients from 1,209 ACH. The distribution of the type of
ACH and the percentage of patients requiring intensive
care by country is shown in Table 1.

Prevalence and estimated incidence of healthcare-
associated infections

A total of 19,626 HAI were reported in 18,287 patients
with HAI (1.07 HAI per infected patient). The prevalence
of patients with at least one HAI in the EU/EEA sample
was 5.9% (country range: 2.9—10.0%; Table 2). The prev-
alence varied between 4.4% (2,177/49,381 patients) in
primary care hospitals (n=333) to 7.1% (7,591/104,562
patients) in tertiary care hospitals (hn=222) and was
highest in patients admitted to intensive care units,
where 19.2% (2,751/14,258) patients had at least one
HAI compared with 5.2% (15,536/296,397) on average
for all other specialties combined (Supplement).

When extrapolated to the average daily number of
occupied beds per country, the weighted HAI preva-
lence was 5.5% (95% cCl: 4.5-6.6%). The weighted
annual incidence of patients acquiring at least one HAI
per year in the period 2016 to 2017, estimated using
prevalence to incidence conversion, was 3.7 (95% cCl:
2.4-5.3) patients per 100 admissions. National PPS
validation studies were carried out by 28 countries
(UK administrations counted separately) in a total of
236 ACH in the EU/EEA. National validation teams re-
examined 12,228 patient charts independently from
the primary PPS surveyors. These studies showed that
on average, 2.3% (country range: 0.3-5.6%) of patients
who were reported as not having a HAl actually had an
HAI (false negatives) while one in five (mean: 20.3%,
country range: 0—46.2%) patients reported as having
an HAI did not have an HAI (false positives), result-
ing in a mean sensitivity of HAIl detection of 69.4%
(country range: 40.1-94.4%) and a mean specificity of
98.8% (country range: 96.1-100%). When correcting
for these results, the adjusted prevalence of patients
with at least one HAI was estimated at 6.5% (95% cCl:
5.4-7.8%). Using the Rhame and Sudderth formula to
convert the latter percentage, the corrected annual inci-
dence was estimated at 4.1 (95% cCl: 3.4—4.9) patients
per 100 admissions. Applying the EU/EEA averages
to denominator data from non-participating EU/EEA
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countries (Denmark and Sweden), this resulted in an
estimated total of 98,166 (95% cCl: 81,022-117,484)
patients with at least one HAI on any given day and
3,758,014 (95% cCl: 3,122,024-4,509,617) patients
with at least one HAI per year in the period 2016 to
2017 in ACH in the EU/EEA.

Types of HAI and isolated microorganisms

The most frequently reported types of HAI were res-
piratory tract infections (21.4% pneumonia and 4.3%
other lower respiratory tract infections), urinary tract
infections (18.9%), surgical site infections (18.4%),
bloodstream infections (10.8%) and gastro-intestinal
infections (8.9%), with C. difficile infections accounting
for 44.6% of the latter or 4.9% of all HAIL. Twenty-three
per cent of HAl were present on admission. One third
of HAI on admission were surgical site infections.
Country-weighted  prevalence percentages and
estimated numbers of HAI per year are shown in Table
3. After correction for non-participating countries and
validation, a total of 4.5 million (95% cCl: 2.6-7.6 mil-
lion) HAI were estimated to occur per year in the period
2016 to 2017 in ACH in the EU/EEA.

A total of 13,085 microorganisms were reported
in 10,340 (52.7%) HAl. The 10 most fre-
quently isolated microorganisms were E.
coli (16.1%), S. aureus (11.6%), Klebsiella spp.
(10.4%),  Enterococcus  spp. (9.7%), P. aer-
uginosa (8.0%), C. difficile (73%), coagulase-
negative  staphylococci  (7.1%), Candida  spp.
(5.2%), Enterobacter spp. (4.4%) and Proteus spp.
(3.80/0).

Antimicrobial resistance in healthcare-associated
infections and correlation with EARS-Net data

AST data were available for 8,031 (88.9%) of 9,034
microorganisms included in the composite index of
AMR. The index was 31.6% overall (mean of countries:
30.8%) and varied from 0% in Iceland to 68.9% in
Romania. The index by country was strongly correlated
with the index calculated from 2016 EARS-Net data
on invasive isolates (Spearman’s correlation coeffi-
cient rho: 0.93; p<0.001; R*: 0.86. Figure) and was on
average 36% higher for HAI in ACH from the PPS than
in the EARS-Net data (mean of countries in EARS-Net:
20.3%). Carbapenem resistance in Enterobacteriaceae
was 6.2% overall (mean of countries: 5.9%) and ranged
from 0% in Estonia, Finland, Iceland, Lithuania and
UK—Northern Ireland to 43.7% in Greece (Table 4). This
indicator also correlated well with carbapenem resist-
ance in E. coliand K. pneumoniae in EARS-Net data
(Spearman’s rho: 0.76; p<0.001) and was on average
45% higher in HAl in ACH from the PPS than in EARS-
Net data (mean of countries in EARS-Net: 2.6%). The
total number of patients acquiring an HAI with at least
one resistant microorganism was estimated at 291,067
(95% cCl: 162,417-504,270) patients for the compos-
ite index of AMR and 31,696 (95% cCl: 14,611—78,205)
patients for carbapenem-resistant Enterobacteriaceae.

www.eurosurveillance.org

ACH: acute care hospital; AMR: antimicrobial resist-
ance; AT: Austria; BE: Belgium; BG: Bulgaria; CY: Cyprus;
CZ: Czech Republic; DE: Germany; EARS-Net: European
Antimicrobial Resistance Surveillance Network; ECDC:
European Centre for Disease Prevention and Control;
EE: Estonia; EL: Greece; ES: Spain; Fl: Finland; FR:
France; HALT: Healthcare-associated infections in
LTCF project; HR: Croatia; HU: Hungary; IE: Ireland; IS:
Iceland; IT: Italy; LT: Lithuania; LCTF: long-term care
facility; LU: Luxembourg; LV: Latvia; MT: Malta; NL: the
Netherlands; NO: Norway; PL: Poland; PPS: point prev-
alence survey; PT: Portugal; RO: Romania; RS: Serbia;
Sl: Slovenia; SK: Slovakia; UK: United Kingdom.

Composite index of  AMR: Staphylococcus
aureus resistant to meticillin, Enterococcus fae-
cium and Enterococcus faecalis resistant to
vancomycin, Enterobacteriaceae resistant to third-
generation  cephalosporins, = Pseudomonas aer-
uginosa and Acinetobacter baumannii resistant to
carbapenems; EARS-Net: Enterobacteriaceae other
than Escherichia coli and Klebsiella pneumoniae not
included. Other species represented 32.5% of tested
Enterobacteriaceae in ACH. France: percentage non-
susceptible (resistant+intermediate) isolates instead
of percentage resistant isolates. In addition to poor
representativeness of participating LCTF in Malta,
specimens in these LCTF were known to be taken pre-
dominantly in cases of treatment failure (panel B).

Point prevalence survey in long-term care
facilities

Participation

In total, 3,062 LCTF from 24 EU/EEA countries and two
EU candidate countries (Serbia and the former Yugoslav
Republic of Macedonia) participated in the third PPS
of HAI and antimicrobial use in European LCTF in the
period 2016 to 2017. Counting UK administrations
separately, good or optimal representativeness of the
national sample was obtained in 18 of 24 EU/EEA coun-
tries. After adjustment for over-representation, 117,138
residents from 2,221 LCTF were included for analysis.
The main aggregated results were reported for 80.5%
of participating LCTF, i.e. general nursing homes
(n=1,025), residential homes (n=176) and mixed LCTF
(n=587), corresponding to 102,301 residents and 1,788
LCTF in EU/EEA countries. The characteristics of LCTF
and residents by country are shown in Table 1.

Prevalence of healthcare-associated infections

A total of 3,858 HAI were reported in 3,780 residents
with HAI (1.02 HAI per infected resident). The preva-
lence of residents with at least one HAI was 3.7%
(country range: 0.9-8.5%). When extrapolated to the
average number of occupied LTCF beds per country, the
weighted HAI prevalence in LCTF was 3.6% (95% cCl:
2.9-4.5%). Validation of the PPS in LCTF was performed
for 953 residents in 17 LCTF in 10 countries. National
validation teams found 1.1% (95% Cl: 0.5-2.0%) false-
negative residents and 19.6% (95% Cl: 9.4—33.9%)
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false-positive residents, yielding a sensitivity of 73.7%
and a specificity of 99.2% when applied on the total
EU/EEA database. The country-weighted, validation-
corrected HAI prevalence was 3.9% (95% cCl: 2.4-
6.0%). Applying the EU/EEA prevalence to denominator
data from non-participating EU/EEA countries, the total
number of residents with at least one HAl on any given
day in EU/EEA LCTF was estimated at 129,940 (95%
cCl: 79,570-197,625) residents (Table 5).

Types of healthcare-associated infections and isolated
microorganisms

The most frequently reported types of HAI in LCTF
were respiratory tract infections (33.2% overall, 3.7%
pneumonia, 22.0% other lower respiratory tract infec-
tions, 7.2% common cold/pharyngitis, 0.3% influenza),
urinary tract infections (32.0%) and skin infections
(21.5%). The majority of the reported HAI (84.7%) were
associated with the LTCF where the PPS was performed,
while 7.5% and 1.4% were associated with a hospital or
another LTCF, respectively. The origin was unknown for
6.4% of HAl in LCTF. Country-weighted prevalence per-
centages and estimated number of infections per year
are given by type of HAI in Table 3. The total number
of HAI in LCTF in the EU/EEA, after applying EU aver-
ages for non-participating EU/EEA countries and cor-
recting for validation, was estimated at 4.4 million
(95% cCl: 2.0-8.0 million). Microbiological data in
LCTF were available for 742 (19.2%) HAI. The 10 most
frequently isolated bacteria were E. coli (30.7%), S.
aureus (12.3%), Klebsiella spp. (11.4%), Proteus spp.
(10.6%), P. aeruginosa (7.1%), Enterococcus spp.
(4.8%), C. (difficile (4.4%), Streptococcus spp.
(2.8%) Enterobacter spp. (2.1%) and coagulase-
negative staphylococci (1.9%).

Antimicrobial resistance in healthcare-associated
infections and correlation with data from the hospital
point prevalence survey

AST results were available for 553 (77.6%) of 713
microorganisms included in the composite index of
AMR. The index could be calculated for 11 countries
with at least 10 isolates, and was 28.0% overall, rang-
ing from 6.8% in Finland to 60.0% in Malta (Table 4).
The composite index of AMR correlated well between
ACH and LCTF, although Malta was an outlier (Figure,
Spearman’s rho excluding Malta: 0.86; p<o0.001;
R>=0.69). On average, the percentage of resistant
microorganisms was similar in both settings (regres-
sion coefficient excluding Malta: 1.08). Carbapenem
resistance in Enterobacteriaceae in LCTF was 4.2%
overall and did not correlate significantly with the per-
centage in ACH (Table 4).

Discussion

Because both the PPS in ACH and that in LCTF were
performed during 2016 and 2017, this provided the
first opportunity to estimate the prevalence, incidence
and annual number of HAI for ACH and for LCTF in the
EU/EEA for the same time period. As expected, the
overall prevalence of HAl was higher in ACH than in
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LCTF, also after correction based on validation study
results. However, when estimating the total number of
HAI, both settings were shown to have similarly high
numbers of HAIl annually. In total, 8.9 million distinct
HAI episodes were estimated to occur annually in ACH
and LCTF in the EU/EEA. In ACH, where the incidence
per patient could be calculated, the number of patients
with at least one HAI was estimated at 3.8 (95% cCl:
3.1—4.6) million patients per year in the period 2016 to
2017.

The country-weighted HAI prevalence before valida-
tion correction in ACH of 5.5% (95% cCl: 4.5-6.7%)
was similar to the HAI prevalence of 5.7% (95% cCl:
4.5-7.4%) in the ECDC PPS in ACH in the period 2011
to 2012 [3]. The unweighted HAI prevalence in LCTF of
3.7% before correction was only slightly higher than
the prevalence of 3.4% found in the ECDC PPS in LCTF
in 2013 [6], although imported HAI were included in
the period 2016 to 2017. The final corrected country-
weighted HAI prevalence estimates of 6.5% in ACH and
3.9% in LCTF were higher because they were corrected
for the results of the validation studies, which made
the current estimates more robust than the previous
estimates. Similarly, the estimated incidence and num-
ber of HAI in ACH presented in this study were higher
than the number estimated in the ECDC PPS from 2011
to 2012 [3] because of the correction for the results
of the validation study and should therefore not be
interpreted as an increase for ACH compared with the
period 2011 to 2012.

The strong correlation of the composite indices of AMR
in the ECDC PPS in ACH with the EARS-Net data sup-
ports the validity of AMR data collected in the PPSs.
The 36% higher percentage of resistant isolates in
HAI in the ECDC PPS was expected given that EARS-
Net only includes data from invasive isolates, i.e. from
bloodstream infections and meningitides, and that a
large proportion of isolates reported to EARS-Net are
from community-associated bloodstream infections,
especially for MRSA and E. coli resistant to third-
generation cephalosporins. However, the fact that the
composite index of AMR in LCTF was at the same level
as in ACH, at least in countries where both indicators
could be calculated, is of concern. Even though the low
testing frequency in LCTF is probably biased towards
HAI which are non-responsive to empiric treatment,
this finding emphasises the urgent need to reinforce
measures to improve infection prevention and control,
antimicrobial stewardship as well as microbiological
laboratory support for LCTF.

Our study has several limitations. Firstly, the small
number of countries and LCTF that performed validation
studies in the PPS in LCTF resulted in less robust prev-
alence estimates for LCTF than for ACH, even though
the LTCF validation results could be used at the EU/
EEA level. Secondly, the conversion from prevalence
to incidence using the Rhame and Sudderth formula
has been shown to have several limitations in itself,
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especially for smaller samples [17,18]. The estimates
depend on the estimators used, as not all data can
be acquired from a cross-sectional prevalence study.
Nevertheless, sensitivity analyses that we performed
with more recent estimator methodology (personal
communication: Niklas Willrich, 24 May 2018) [15]
yielded EU/EEA estimates which were close to those
reported here, with few exceptions at individual coun-
try level. Especially considering the wide Cl, this gave
more weight to our estimates (Supplement). Thirdly,
the estimates also strongly depended on the quality of
the national denominator data of the number of beds,
and, for ACH, discharges and patient days. Providing
reliable national denominator data has been shown to
be difficult for many countries that sometimes provided
estimates rather than precise numbers, especially for
LCTF. In addition, as national denominator data for spe-
cialised LCTF were only available in two countries, a
specific incidence for these types of LTCF could not be
estimated. In several countries, however, the number
of beds for these LCTF are included in the total number
of LTCF beds for the country. We only reported results
for the main types of LTCF, as these types were con-
sistently included in all countries. Fourthly, the num-
ber of residents with at least one HAI each year could
not be estimated for LCTF in the EU/EEA. Longitudinal
HAl incidence data would be required to produce such
estimates. Fifthly, three countries preferred using their
national PPS protocols for LCTF and one country for
ACH, resulting in less robust estimates. Sixthly, the
total number of HAIl with resistant pathogens could
only be estimated for ACH because of the poor avail-
ability of microbiological results in LCTF. Moreover,
the annual incidence estimates of HAI with resistant
pathogens in ACH are underestimated because: (i) in
almost half of the HAI in ACH, a microorganism was not
reported, (ii) for 11% of the reported microorganisms,
AST results were not yet available on the day of the PPS
and (iii) correction for countries without data and cor-
rection for validation was not performed. Despite these
limitations, the estimated number of HAI with carbap-
enem-resistant Enterobacteriaceae using Rhame and
Sudderth conversion in our study (31,696 infections,
of which 27,393 were HAI with carbapenem-resist-
ant E. coli or K. pneumoniae) was close to the num-
ber of 33,172 infections with carbapenem-resistant E.
coli or K. pneumoniae recently estimated by Cassini et
al. using a totally different methodology [19].

The main strengths of this study are its large sample
size and the use of standardised protocols for data
collection and validation across participating ACH and
LCTF. Despite some countries providing less represent-
ative samples, these PPSs as a whole offer a represent-
ative picture of HAl in the EU/EEA, with benchmarks to
help direct future action in ACH and LCTF in participat-
ing countries.

Conclusion

This study reports, to our knowledge, the most accu-
rate and robust estimates of the total number of HAl in
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healthcare facilities in the EU/EEA to date, and confirms
that HAI, and AMR in bacteria responsible for HAI, rep-
resent a significant healthcare issue and public health
challenge for the EU/EEA. Considering that previous
studies have shown that HAI in ACH alone are respon-
sible for more deaths in the EU/EEA than all other infec-
tious diseases under surveillance at European level
[1,2], and that our study showed that there are as many
HAl in LTCF as there are in ACH, more focus needs to be
dedicated to the prevention of HAl and AMR, through
the application of available recommendations and
guidelines [20-25], in both ACH and LTCF.
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