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Executive summary

WHO European Region

The results presented in this report are based on anti-
microbial resistance (AMR) data from invasive isolates
reported to the Central Asian and European Surveillance
of Antimicrobial Resistance (CAESAR) network and the
European Antimicrobial Resistance Surveillance Network
(EARS-Net) in 2022 (data referring to 2021). In total, 16
countries reported data to CAESAR, while 29 countries,
including all of those in the European Union (EU) and
two from the European Economic Area (EEA) (Iceland and
Norway), reported data to EARS-Net. Although the EARS-
Net and CAESAR networks use comparable methods for
data collection and analysis, the results presented in
this report originate from distinct country surveillance
systems. As these inherently are influenced by specific
protocols and practices, caution is advised when com-
paring AMR patterns between countries.

Epidemiology

The AMR situation in bacterial species reported to the
AMR surveillance networks referring to isolates obtained
in 2021 varied widely depending on bacterial spe-
cies, antimicrobial group and geographical region (see
Fig. 1-10 in Chapter 3). Resistance to third-generation
cephalosporins and carbapenems was generally higher
in Klebsiella pneumoniae than Escherichia coli. While
carbapenem resistance remained rare in E. coli for most
countries, 33% of the countries reported resistance per-
centages of 25% or higherin K. pneumoniae. Carbapenem
resistance was also common in Pseudomonas aeruginosa
and Acinetobacter species, and at a higher percentage
than in K. pneumoniae. As observed in previous regional
reports, there is a north-to-south and west-to-east gra-
dient of resistance, with higher rates observed in the
southern and eastern parts of the European Region than
in the northern and western parts. This was particularly
evident for third-generation cephalosporin and carbap-
enem resistance in K. pneumoniae and carbapenem
resistance in Acinetobacter spp.

Considering only the 13 countries that submitted data to
CAESAR both in 2020 and 2021, the overall number of
isolates reported was higher in 2021 than in 2020. This
was a result of higher numbers of isolates being reported
across all pathogens. These overall tendencies were not
always observed at country level, however, all countries
reported higher numbers of Acinetobacter spp. isolates
in 2021 than in 2020. In all 16 countries submitting data
to CAESAR in 2021, the majority of isolates (70.0%)
were E. coli (37.9%), Staphylococcus aureus (17.2%) and
K. pneumoniae (14.9%).

Looking at bacterial species-specific results in 2021,
resistance to fluoroquinolones in E. coli was generally

lowest in the northern parts of the WHO European Region
and highest in the southern (see Fig. 1 in Chapter 3). A
resistance percentage below 10% was observed in two
(4%) of 45 countries reporting data on this microor-
ganism. A resistance percentage of 25% or above was
reported in 17 (38%) countries. A resistance percentage
of 50% or above was observed in four (9%) countries.
For third-generation cephalosporin resistance in E. coli,
12 (27%) of 45 countries reported percentages below
10%, whereas resistance percentages equal to or above
50% were observed in four (9%) (see Fig. 2 in Chapter 3).
Eight (18%) of 44 countries reported carbapenem-resist-
ant E. coli percentages of 1% or above (see Fig.3 in
Chapter 3).

Third-generation cephalosporin resistance in K. pneu-
moniae has become quite widespread in the WHO
European Region. In 2021, percentages below 10% were
observed in seven (16%) of 45 countries reporting data
on this microorganism, while 19 (42%), particularly in
the southern and eastern parts of the Region, reported
resistance percentages of 50% or above (see Fig. 4 in
Chapter 3). Carbapenem resistance was more frequently
reported in K. pneumoniae than in E. coli. In 2021, resist-
ance percentages were generally low in the northern and
western parts of the WHO European Region; 14 (31%) of
45 countries reported resistance percentages below 1%
(see Fig. 5 in Chapter 3). Fifteen (33%) countries reported
percentages equal to or above 25%, eight of which (18%
of 45 countries) reported resistance percentages equal to
or above 50%.

Large differences were observed in the percentages of
carbapenem-resistant P. aeruginosa in the European
Region. In 2021, resistance percentages of under 5%
were observed in two (5%) of 44 countries reporting
data on this microorganism, whereas six (14%) countries
reported percentages equal to or above 50% (see Fig. 6
in Chapter 3).

In 2021, the percentages of carbapenem-resistant
Acinetobacter spp. varied widely within the Region, from
below 1% in three (7%) of 45 countries reporting data on
this microorganism to 50% or above in 25 (56%) coun-
tries, mostly in southern and eastern Europe (see Fig. 7
in Chapter 3).

In 2021, 11 (25%) of 44 countries reporting data on
S. aureus had meticillin-resistant S. aureus (MRSA)
percentages below 5% (see Fig. 8 in Chapter 3). MRSA
percentages equal to or above 25% were observed in 13
(30%) of 44 countries.

Large differences were observed across the Region in
the percentage of penicillin non-wild-type Streptococcus
pneumoniae. Two (5%) of 43 countries reporting data on
this microorganism had percentages below 5% in 2021,

xi
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whereas percentages equal to or above 25% were found
in five (12%) countries (see Fig. 9 in Chapter 3).

Resistance to vancomycin in Enterococcus faecium varied
substantially among countries in the Region. In 2021,
resistance percentages of below 1% were reported by
six (14%) of 44 countries reporting data on this microor-
ganism, while percentages equal to or above 25% were
found in 17 (39%), five of which (11% of 44 countries)
reported resistance percentages equal to or above 50%
(see Fig. 10 in Chapter 3).

Country-specific information for each bacterial species,
including information on patient age group and sex, are
available on the WHO European Region website [1].

Discussion

The results from CAESAR and EARS-Net clearly show
that AMR is widespread in the WHO European Region.
Although an assessment of the exact magnitude of AMR
remains challenging, the presence of specific AMR pat-
terns across clinical settings covered by the surveillance
networks is apparent. High percentages of resistance
to third-generation cephalosporins and carbapenems in
K. pneumoniae, and high percentages of carbapenem-
resistant Acinetobacter spp. in several countries, are of
concern. They suggest the dissemination of resistant
clones in healthcare settings and indicate that many
countries have serious limitations in treatment options
for patients with infections caused by these pathogens.
While the west-to-east gradient in AMR percentages is
evident for gram-negative bacteria (E. coli, K. pneu-
moniae, P. aeruginosa, Acinetobacter spp.), it is less
obvious for gram-positive bacteria (S. aureus, S. pneu-
moniae, E. faecium). As bacterial microorganisms
resistant to antimicrobials cannot be contained within
borders or regions, these results underline the need for
concerted action to combat AMR throughout the WHO
European Region, and globally.

The impact of the COVID-19 pandemic on AMR is appar-
ent. Many countries providing AMR data to CAESAR
reported more E. coli isolates in 2021 than in 2020.
This may be related to a steady increase in healthcare
activities not directly linked to the COVID-19 response,
possibly including more engagement in AMR surveillance
activities. However, the higher number of S. pneumo-
niae isolates reported by many countries in the WHO
European Region in 2021 than in 2020 may be due to the
increasing circulation of respiratory pathogens in the
community post-lockdown and the removal of enforced
measures to control the spread of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2). On the other
hand, typical healthcare-associated pathogens such as
Acinetobacter spp. and E. faecium were more frequently
observed in many countries during 2021 than in previ-
ous years.

Overall, more countries and laboratories reported data
to the European surveillance networks in 2021 than in
previous years, which is an encouraging step in the right
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direction. Nevertheless, when looking at surveillance
capacity in the WHO European Region: 16% of coun-
tries still reported that they only collected AMR data at
local level and did not have a standardised approach.
This highlights the ongoing need to strive for enhanced
standardisation as systems and networks continue to
grow and mature.

Since the publication of the Global Action Plan on
Antimicrobial Resistance (GAP-AMR) in 2015 [2], most
Member States of the WHO European Region have
enhanced efforts to tackle AMR. In 2017, only 34 (68%)
of the 50 countries reported having developed a national
action plan (NAP) on AMR, but the latest round of global
monitoring showed that this had increased to 44 (85%)
of the 52 countries that responded (see Table 6 in
Chapter 3). The challenge ahead is to ensure compre-
hensive implementation and adequate funding for NAPs.

Similarly, efforts to improve antimicrobial consumption
in the Region remain heterogeneous. During 2021, 19 of
28 (68%) EU/EEA countries reporting data for both the
community and the hospital sector met or exceeded the
WHO country-level target of 60% of total antibacterial
consumption being derived from WHO’s Access category
(as defined in the Access, Watch, Reserve (AWaRe)?
classification list) [3]. Only five of 18 countries report-
ing to the WHO Regional Office for Europe Antimicrobial
Medicines Consumption Network achieved this target in
2019 [4].

Public health implications

AMR is one of the top 10 global public health threats fac-
ing humanity [5]. Although the number of countries in
the Region that heeded the global call [2, 6] to develop
NAPs on AMR has reached a high level, and many coun-
tries are already embarking on a revision of their NAPs
for the next phase of implementation, there are some
countries that have only just begun to implement effec-
tive interventions to tackle AMR. The same applies to
AMR surveillance. Greater efforts and investment are
required to increase the comparability, quantity and
quality of AMR surveillance data. Current patterns, such
asincreases in carbapenem-resistant Acinetobacter spp.
isolates that are difficult to eradicate once endemic,
underline the need to enhance efforts to prevent and
detect resistance. These patterns also highlight the role
AMR surveillance can play in strengthening health sys-
tem resilience and preparedness.

There is still a lack of high-level support and robust fund-
ing for comprehensive programmes and interventions
on infection prevention and control (IPC), antimicrobial
stewardship and surveillance and it is clear that commit-
ment from the highest-level of government is crucial in
order to advance the AMR agenda [7].

2 AWaRe classifies antibiotics into three stewardship groups - Access,
Watch and Reserve - to emphasise the importance of their optimal
uses and potential for AMR.
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The COVID-19 pandemic has exposed the weaknesses in
national health systems and the interconnectedness of
countries and continents. The world is still adjusting to
the effects of this pandemic on people and public health,
and efforts to tackle AMR are only just beginning to find
a balance after the reorganisation of healthcare profes-
sionals to support the COVID-19 response throughout
the European Region. Across the globe, governments
were confronted with a need for more coordinated action
and collaboration and this has paved the way for a more
united front against future health threats, including
AMR. It is hoped that such a united front will enable us
to respond more effectively to the looming threat repre-
sented by AMR in the coming years.

This report highlights the persistent disparities in AMR
prevalence across the WHO European Region and details
unexploited opportunities for counteracting AMR.

EU/EEA countries

As in the preceding years, all EU Member States and two
EEA countries (Iceland and Norway) reported data for
2021 to EARS-Net [8]. Eighteen (62.1%) of these 29 coun-
tries reported that their participating laboratories had a
population coverage of over two thirds of the national
population, including 14 countries that reported hav-
ing a national population coverage of 90.0% or more.
However, seven countries reported data for less than
half of their population (Table A3.2).

Twenty-two (75.9%) of the 29 participating countries
indicated that their reported data had a high national
representativeness, in terms of three metrics: the
geographical areas covered, the acute care hospitals
included, and the microorganisms that caused invasive
infections in those hospitals. A further three countries
reported that the representativeness was ‘high’ for two
of the three metrics, and one country reported that the
representativeness of its national data was ‘low’ for all
three metrics (Table A3.2).

In hospitals served by the laboratories that reported
data to EARS-Net in 2021, the blood culture rate was
reported by 24 countries. In the 22 countries that
reported a high national representativeness according
to all three metrics listed above, the national average
blood culture rate was 2.6 times higher than in the four
countries reporting a medium or low national repre-
sentativeness according to at least two of those metrics
(76 versus 29 blood culture sets per 1000 patient-days,
respectively). The reported blood culture rates were the
highest in Belgium, Denmark, Finland, Portugal, and
Spain (>100 sets per 1000 patient-days), and lowest in
Bulgaria, Czechia, Hungary, Latvia, and Lithuania (<25
sets per 1000 patient-days) (Table A3.2).

All but one country reported data for all eight bacte-
rial species under surveillance by EARS-Net (E. coli,
K. pneumoniae,  P. aeruginosa,  Acinetobacter spp.,
S. pneumoniae, S. aureus, E. faecalis and E. faecium),

while one country (Greece) reported data for all bacterial
species except S. pneumoniae.

The number of laboratories participating in EARS-Net
continued to increase, indicating a strengthening of
national AMR surveillance systems in the EU/EEA. In
2021, 1847 laboratories reported data, 1006 of which
were in France. There were 666 laboratories identifi-
able as having reported data for each year during the
period 2017-2021, as the reporting countries were able
to provide a consistent laboratory identifier. These do
not include »85.0% of the laboratories in France and
Greece that participated in 2021, either because there
were major changes in the organisational structure of
the national surveillance system (France), or because
of the restriction of EARS-Net, starting with 2019 data,
to only include laboratories using EUCAST methods and
guidelines (Greece).

Epidemiology

The most commonly reported bacterial species in 2021
were E. coli (39.4%), followed by S. aureus (22.1%),
K. pneumoniae (11.9%), E. faecalis (8.8%), E. fae-
cium (6.2%), P.aeruginosa (6.1%), Acinetobacter spp.
(3.0%) and S. pneumoniae (2.5%). This ranking was
different to the ranking in 2020, with E. faecium and
Acinetobacter spp. being ranked one place higher in
2021. Both 2020 and 2021 coincided with extreme pan-
demic-associated pressures on healthcare. Therefore, it
is informative to also compare 2021 data with the years
immediately before 2020. In addition, even though
the national and EU/EEA representativeness of EARS-
Net data is high, restricting analysis to laboratories
known to have reported data continuously throughout
2017-2021 is a way of verifying trends. This ‘restricted’
dataset is very similar to the ‘full’ dataset. To illustrate
this point, the overall number of isolates at EU/EEA
level, for all bacterial species under surveillance,
increased by 7.2% in 2021 compared to 2020 among
laboratories that continuously reported data to EARS-
Net during 2017-2021, and by 8.8% in all laboratories
that reported during that period. Furthermore, among
the ‘restricted’ set of laboratories that continuously
reported data during 2017-2021 S. pneumoniae was
reported more frequently than Acinetobacter spp. (3.2%
and 2.8% of all reported bacterial species, respectively),
but otherwise the ranking remained the same as in the
full dataset. Within that same restricted group of labo-
ratories, comparing 2021 to the average for 2018 and
2019, the largest increases in the number of reported
isolates were for Acinetobacter spp. (+73.9%; 3523 and
6127, respectively) and E. faecium (+32.5%; 9926 and
13151, respectively) followed by E. faecalis (+11.7%;
15777 and 17620, respectively). There was almost no
change in K. pneumoniae (+0.03%; 25044 and 25052,
respectively) and P. aeruginosa (-0.9%; 12150 and
12035, respectively), and a decrease in the number of
reported S. aureus isolates (-5.5%; 50267 and 47487,
respectively), E. coli isolates (-11.8%; 99266 and 87526,
respectively) and in particular S. pneumoniae isolates
(-45.6%; 12 629 and 6 875, respectively) [9].
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Acinetobacter spp. had by far the largest annual increase
in the number of reported isolates in both 2020 and
2021. During 2017-2019, the number of isolates had
been relatively stable (+/-10.0%). During 2017-2021,
similar trends were observed for the number of reports
of Acinetobacter spp. isolates that were resistant to
each of the three antimicrobial groups presented in
this report (i.e. carbapenems, fluoroquinolones and
aminoglycosides) (Table 7b). Among the laboratories
that continuously reported data during 2017-2021, the
increase in the number of antimicrobial-resistant iso-
lates was more pronounced in 2021 compared to the
average for 2018 and 2019 (+121% on average, for each
of these three groups). Furthermore, there was a large
increase in the percentage of isolates resistant to car-
bapenems, reaching 48% in 2021 [9]. At country level in
2021, the percentage of resistant Acinetobacter spp. iso-
lates among all reporting laboratories ranged from 0.0%
to »98.0%, for each of the three antimicrobial groups
individually and for combined resistance to all three
groups (Table 7b).

The resistance profiles of both Enterococcus spe-
cies under surveillance continue to be of concern. The
percentage of E. faecium with vancomycin resistance
continued to increase, reaching 17.2% in 2021. For E. fae-
calis, almost a third of all reported isolates had high
level resistance to gentamicin in 2021.

Otherwise, overall for the EU/EEA and during the period
2017-2021, most of the bacterial species—antimicrobial
combinations in this report showed either a signifi-
cantly decreasing trend or no significant trend in the
population-weighted mean AMR percentage. Exceptions
included the trends described for Acinetobacter spp.,
and the EU/EEA population-weighted percentage of car-
bapenem resistance for both E. coli and K. pneumoniae
which increased during the period 2017-2021 (Table 7b).
Reports of carbapenem resistance remained relatively
rare among E. coli isolates (0.2% in 2021). By contrast,
in 2021, 11.7% K. pneumoniae isolates were carbap-
enem-resistant (country range: 0-80%). The EU/EEA
population-weighted mean percentage of carbapenem
resistance among K. pneumoniaeisolates increased each
year. The rate of increase relative to the previous year
also increased each year during the period 2017-2021,
by +5%, +6%, +11% and +17%, respectively. The annual
relative change in the percentage of carbapenem-resist-
ant K. pneumoniae isolates was even striking among the
laboratories identified as continuously reporting data
each year for 2017-2021 (+0%, +8%, +31% and +20% in
2018-2021, respectively) [9].

In general, the EU/EEA population-weighted AMR per-
centages were lower in E. coli than in K. pneumoniae,
P. aeruginosa and Acinetobacter spp. Even so, 53.1%
of all E. coli reported isolates in 2021 had resistance
reported for at least one antimicrobial group under
surveillance, compared to 43.0% of Acinetobacter spp.,
34.3% of K. pneumoniae isolates and 18.7% of P. aerugi-
nosa isolates. Among these four pathogens, combined
resistance to several antimicrobial groups/agents
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remained a frequent occurrence, reported for 5.1% of
E. coli isolates, 21.2% of K. pneumoniae isolates, 12.6%
of P. aeruginosaisolates and 36.8% of Acinetobacter spp.
isolates (Table 7b). For S. aureus, a significant decrease
in the EU/EEA population-weighted percentage of MRSA
isolates was reported during the period 2017-2021,
from 18.4% to 15.8% (Table 7b). Nevertheless, MRSA is
still an important pathogen in the EU/EEA, with percent-
ages remaining high in several countries.

Country-specific information for each bacterial spe-
cies, including results by patient age group and sex
for specific AMR phenotypes, are available in the
European Centre for Disease Prevention and Control
(ECDC) Surveillance Atlas of Infectious Diseases [10].
The reported AMR percentages for several bacterial spe-
cies—antimicrobial group combinations varied widely
among EU/EEA countries, often with a north-to-south
and west-to-east gradient. In general, the lowest AMR
percentages were reported by countries in the north of
Europe and the highest by countries in the south and
east of Europe.

Discussion

In 2021, the AMR percentages for the bacterial species-
antimicrobial group combinations under surveillance
continued to be high overall in the EU/EEA. The increas-
ing trends of carbapenem resistance percentages in
K. pneumoniae and Acinetobacter spp. and of vancomy-
cin-resistant E. faecium between 2017 and 2021 are of
particular concern and indicate that AMR remains a seri-
ous challenge in the EU/EEA. As in previous years, there
was a large variability in the percentages across EU/EEA
countries in 2021, highlighting the opportunities for sig-
nificant AMR reduction through interventions to improve
infection prevention and control (IPC) and antimicrobial
stewardship practices.

The data for the years 2020 and 2021 presented in this
report coincide with the first years of the coronavi-
rus disease (COVID-19) pandemic. Changes to human
behaviour in 2020 and 2021, resulting from efforts to
control the pandemic, modified the risk of infection by
pathogens with AMR [11-12]. In the community, non-
pharmaceutical interventions (NPIs) for COVID-19 to
promote physical distancing reduced the number and
duration of person-to-person contacts. During the first
part of 2021, countries gradually reduced the intensity
of NPl implementation, following vaccine-associated
reductions in hospitalisations, intensive care unit (ICU)
admissions and deaths due to COVID-19 [13-14]. In
autumn and winter 2021, there was a resurgence in hos-
pitalisations and ICU admissions for COVID-19 that led
to national authorities reinforcing their public health
messaging for COVID-19, with ‘pandemic fatigue’ fre-
quently linked to reduced compliance with NPIs [15].
Large decreases in the total consumption of antibacteri-
als for systemic use (ATC group Jo1) were noted during
the first two years of the pandemic, in particular in the
community. Changes were less consistent in the hos-
pital sector, with increased consumption of last-line
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antibiotics, particularly carbapenems [3]. In 2020-2021,
there was delayed access to preventive, primary and
elective healthcare, including surgery. More specialised
care, for example for late diagnoses, commonly requires
interventions that predispose patients to a higher risk
of infection with an antimicrobial-resistant pathogen,
such as the use of antimicrobial agents and invasive
devices [16]. In addition, ICU admissions due to COVID-
19 put a strain on ICU resources which necessitated the
re-purposing of non-ICU beds and the allocation of non-
ICU staff to meet the urgent demand. In healthcare, as
in society, recommendations for conscientious IPC for
respiratory viral pathogens were the norm. However,
compliance with all IPC measures in healthcare is
likely to have been adversely affected by high hospi-
tal patient loads, staff absenteeism due to COVID-19,
and reliance on more junior staff [17-19]. In 2020 and
2021, even though national authorities in EU/EEA coun-
tries focussed public health resources on the response
to COVID-19 in order to face the acute crisis, EU/EEA
countries continued to strengthen their participation in
EARS-Net. As a direct result, EARS-Net data can be used
to confidently describe the ongoing AMR threat for the
EU/EEA, because a majority of countries reported data
that are nationally representative.

In 2022, ECDC used the national data reported to EARS-
Net for 2016-2020 to estimate the burden of infections
with antibiotic-resistant bacteria under surveillance in
the EU/EEA [20]. The number of cases of these infections
increased from 685433 in 2016 to 865767 in 2019, with
a decrease in the estimate for 2020 to 801517. These
infections resulted in an estimated annual number of
attributable deaths that increased from 30730 deaths in
2016 to 38710 deaths in 2019, before decreasing slightly
to 35813 deaths in 2020. During the period 2016-2020,
the largest burden of disease was caused by infections
with third-generation cephalosporin-resistant E. coli,
followed by MRSA and third-generation cephalosporin-
resistant K. pneumoniae. Infections with these three
antibiotic-resistant bacteria resulted in the largest
health impact, generating 58.2% of the total burden as
measured in disability-adjusted life years (DALYs). ECDC
estimated that for 2020, 30.9% of the total burden in
DALYs was from infections with carbapenem-resistant
bacteria. A similar number of deaths were attributable
to carbapenem-resistant K. pneumoniae, (4076 deaths),
Acinetobacter spp. (3656 deaths) and P. aeruginosa
(3210 deaths) [20].

The increase of most concern in the number of
reported cases for the period 2020 to 2021 was for
Acinetobacter spp. (in the EU/EEA, mostly A. baumannii
complex), including isolates with carbapenem resist-
ance. This increase was the largest of any pathogen
under surveillance in EARS-Net for the second con-
secutive year. Countries with large increases in the
number of Acinetobacter spp. cases in 2020-2021
had also reported a high percentage of antimicrobial-
resistant Acinetobacter spp. in the years immediately
prior to the COVID-19 pandemic. Conversely, countries
that had not reported a high number of cases or AMR

percentages prior to 2020 had the lowest numbers and
percentages in 2021. In the countries with increases
in the number of reported cases in 2020-2021, most
of the newly reported cases were among ICU patients,
with the majority of isolates resistant to carbapenems,
a common group of antibiotics for empiric treatment of
healthcare-associated infections [21]. During the period
2020-2022, Acinetobacter spp. was often reported as
the most frequent bacterial coinfection for COVID-19
patients in hospitals, and particularly ICUs, in Europe,
North America and the Middle East, causing clonal
outbreaks, with high case fatality rates often associ-
ated with multidrug resistance [22—-25]. The reasons for
the increased number of Acinetobacter spp. infections
in many EU/EEA countries warrant further investiga-
tion, although they are probably directly related to
pandemic-related changes in healthcare provision.
Acinetobacter spp., and multidrug-resistant strains in
particular, are notoriously difficult to eradicate from the
hospital environment once established, surviving on dry
surfaces, readily contaminating healthcare providers’
hands, and being spread by asymptomatic carriers [22].
Given the unprecedented patient loads in ICUs across
the EU/EEA in 2020-2021, even hospitals that rigor-
ously and conscientiously applied IPC practices may
still have had opportunities for IPC breaches sufficient
for Acinetobacter spp. transmission [11]. This suggests
a requirement for Acinetobacter spp.-specific control
interventions in the affected hospitals [26]. EARS-Net
will continue to report annual Acinetobacter spp. data in
the ‘post-pandemic’ years to come, to facilitate assess-
ment of trends in this relatively persistent hospital
contaminant.

Trends in P. aeruginosa cases might have been expected
to follow those observed for Acinetobacter spp., given
the rate of ventilator use among hospitalised COVID-
19 cases and the fact that P. aeruginosa is also often
linked to environmental sources. However, the trends
for P.aeruginosa remained relatively unchanged.
Pandemic-related factors may partially explain this -
for example, changes in the lengths of hospital stays,
and greater shielding of patients at risk of both COVID-
19 and P. aeruginosa infection, such as cystic fibrosis
patients. Nevertheless, ECDC does not have incidence
surveillance for pneumonias and lower respiratory tract
infections, which, for P. aeruginosa, are the site of three
times as many healthcare-associated infections [27].

For S. pneumoniae, the decrease in the number of cases
observed in 2020 continued in 2021, overall and for iso-
lates resistant to the antimicrobials under surveillance.
This may be related to reduced risk factors for such
infections during the waves of the COVID-19 pandemic
(such as a decrease in the frequency of inter-personal
contacts, influenza incidence, and antibiotic prescrip-
tions, and perhaps a lower incidence of blood cultures
for community-acquired infections) [3, 28].

The monitoring framework for the United Nations
Sustainable Development Goals includes two AMR indi-
cators. These monitor the percentage of bloodstream
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infections due to meticillin-resistant S. aureus (MRSA)
and E. coli resistant to third-generation cephalosporins
among patients seeking care whose blood samples have
been tested [29]. Among the laboratories in EU/EEA coun-
tries that continuously reported data during the period
2017-2021, the resistance percentages decreased for
both pathogens [9]. Among the laboratories that con-
tinuously reported data each year during the period
2017-2021, the decrease in the annual number of MRSA
isolates reported for 2019—2020 has reversed somewhat
in 2020-2021. However, the decreasing trend in the
percentage of third-generation cephalosporin-resistant
E. coli was maintained [9]. These EU/EEA trends in the
EU/EEA (excluding the United Kingdom) population-
weighted mean percentage were also seen in the overall
data. It is worth noting that the AMR percentages var-
ied widely among countries, suggesting that there
are further opportunities for reduction. In particular,
before 2020, the annual reductions in the percentage
of S. aureus resistant to meticillin were explained by
the relatively large and ongoing increase in the num-
ber of reported meticillin-susceptible S. aureus (MSSA)
infections, while the annual number of reported MRSA
infections remained relatively stable [30].

When interpreting the EARS-Net data, it is important
to be mindful of the structure of this surveillance sys-
tem, including the large variation in national blood
culture rates, and the changes in surveillance systems
over time. Although the restriction of EARS-Net from
2019 onwards, to only accept data generated using
EUCAST breakpoints and methodology, should improve
the quality and comparability of data in the long term,
it resulted in fewer laboratories participating in a num-
ber of countries in 2019. Moreover, there has not been
any systematic assessment of the characteristics and
AMR percentages of the EU/EEA laboratories that do
not report to EARS-Net. Indeed, seven of 29 countries
reported data with less than 50.0% population cover-
age. Similarly, the laboratories that were identifiable
as having reported data for five consecutive years may
also be atypical compared to other laboratories in the
same country. Finally, as noted above, trends in AMR
percentages are also affected by changes to country sur-
veillance systems, and by changes to EARS-Net itself.
For example, the lower percentages of aminoglycoside
resistance reported for P. aeruginosa in both 2020 and
2021 reflect an update of the EARS-Net reporting proto-
col for 2020 data. Therefore, the analysis of data from
2020 onwards only includes tobramycin susceptibility
test results, whereas previous years include tobramy-
cin, netilmicin and gentamicin. Irrespective of these
limitations, EU/EEA-level analyses from EARS-Net sur-
veillance data are probably an accurate reflection of the
overall AMR situation in the EU/EEA.

The COVID-19 pandemic has led to several developments
that will help the EU address infectious disease threats,
including AMR, as well as boosting action on health
and health security under the European Health Union
[31]. The European Health Union includes strengthened
mandates for ECDC and the European Medicines Agency
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(EMA), the creation of the European Health Emergency
preparedness and Response Authority (HERA) and a new
Regulation on serious cross-border threats to health.
A much larger budget is available under the EU4Health
programme (EUR 5.3 billion for the period 2021-2027),
which is one of the main instruments for the European
Health Union, dedicated to wider policy areas and
including action on AMR.

The new Regulation on serious cross-border threats
to health, adopted by the Council on 24 October 2022
[32], provides a revised regulatory framework for pre-
paredness, surveillance, risk assessment, early warning
and responses at EU and Member State level in the
event of biological, chemical, environmental or other
cross-border threats to health, repealing the previous
Decision (EU 1082/2013) [33]. The new elements include
the development of a European Union preparedness
plan, a system to regularly assess national plans, and
a strengthening of Member State interactions in the
Health Security Committee. The Regulation also pro-
vides for the establishment of EU reference laboratories,
coordinated by ECDC, to support national reference
laboratories in the Member States, in coordination
with the World Health Organization (WHO) Reference
Laboratories. The EU reference laboratories will sup-
port comparable disease notification and Member
State reporting by promoting good practice and volun-
tary alignment of diagnostic methodologies. To achieve
this, the reference laboratories network activities may
be expanded to cover reference diagnostics, including
support for outbreak responses, provision of reference
materials, external quality assessments and training,
scientific advice, collaboration and research.

Public health implications

Public health action to tackle AMR in the EU/EEA remains
insufficient, despite the increased awareness of AMR as
a threat to public health and the availability of evidence-
based guidance for IPC, antimicrobial stewardship
and adequate microbiological capacity. AMR will be an
increasing concern unless governments respond more
robustly to the threat. Estimates based on data from
EARS-Net show that in 2020, more than 800000 infec-
tions occurred in the EU/EEA due to bacteria resistant to
antibiotics, and that more than 35000 people died as a
direct consequence of these infections [20].

During the first two years of the COVID-19 pandemic
(2020-2021), the most striking increase in the number
of cases, compared to the period before 2020, was for
carbapenem-resistant Acinetobacter spp. infections,
mostly in countries that had a relatively high percent-
age of carbapenem-resistant cases pre-pandemic.
Acinetobacter spp., including carbapenem-resistant
isolates, cause outbreaks and are difficult to eradicate
once they become endemic. It is therefore likely that car-
bapenem-resistant Acinetobacter spp. will continue to
expand in the EU/EEA in 2022. The options for outbreak
preparedness, prevention and control described in the
ECDC Rapid Risk Assessment ‘Carbapenem-resistant



SURVEILLANCE REPORT

Antimicrobial resistance surveillance in Europe 2023 — 2021 data

Acinetobacter baumannii in healthcare settings — 8
December 2016’, remain valid for hospitals and national
authorities in EU/EEA countries [26, 34].

Further investment in public health interventions is
urgently needed to tackle AMR. This would have a sig-
nificant positive impact on population health and future
healthcare expenditure in the EU/EEA. It has been esti-
mated that a mixed intervention package including
enhanced hygiene, antibiotic stewardship programmes,
mass media campaigns, and the use of rapid diagnostic
tests would have the potential to prevent approximately
27000 deaths each year in the EU/EEA. In addition to
saving lives, such a package could pay for itself within
just one year and save around EUR 1.4 billion per year in
the EU/EEA [35].
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KpaTkuit 0630p

EBponenckuin pernoH BO3

Pe3ynbTaTbl, npeacTaBNeHHble B 3TOM [JOKNajne, OCHO-
BaHbl Ha JaHHbIX 00 YyCTOMYMBOCTU MHBA3UBHbIX U301ATOB
K NpoTUBOMUKPOGHbIM npenapatam (YNM), coobueHHbIX
B CAESAR (CeTb anuMaHaj30pa 3a yCTOMYMBOCTHIO K MPO-
TMBOMMKPOOHLIM npenapatam B LieHTpanbHoit A3um u
Espone) n B EARS-Net (EBponefickas ceTb anugHag3opa
33 YCTOMYMBOCTLIO K NPOTUBOMUKPOGHBIM NpenapaTam)
B 2022 T. (JaHHblE OTHOCATCA K 2021T.). B uenom 16 ctpaH
npepoctaBunu gaHHoie B CAESAR n 29 cTpaH, BKio4as
Bce cTpaHbl EBponeiickoro cot3a (EC) u ase cTpaHbl,
Bxoaswme B EBponeinckyo akoHomuyeckyto 3oHy (E33)
(Mcnangusa v Hopeerus), coobumnu gaHHble B EARS-Net.
XoTa cetn CAESAR n EARS-Net ncnonb3ytoT conocrasu-
Mble mMeToAbl c60pa M aHanu3a AaHHbIX, pe3ynbTaThbl,
npejcTaBiieHHble B JOKNaje, NOAyYeHbl OTAUYAOLWMU-
MUCA HaUMOHaNbHbIMK CUCTemamu 3nuaHaa3opa. Ha
3TV pe3y/bTaTbl HEU36EKHO BANAIOT KOHKPeTHbIe NPoTo-
KO/ibl U MPAKTUKM, NO3ITOMY PEKOMEHAYETCA NPOABAATH
OCTOPOXHOCTb Npu cpaBHeHun npodunent YMNN mexay
cTpaHamu.

Anuaemuonorus

CornacHo coobuieHnsaMm, NpeLoCcTaBaeHHbIM B CETU 3NUA-
Hazsopa 3a YMNM B 2021 r., cuTyaumnsa ¢ yCTOMYNBOCTbLIO
y pasHbix BMAOB 6aKTepuii WMPOKO BapbupoBanach B
33aBUCMMOCTU OT BuAa GaKTepuii, rpynnbl NpoTUBOMU-
KpOOHbIX npenapaToB W reorpatnyeckoro perumoHa
(cm. puc. 1-10, rnasa 3). YcToinumBocThb K uedanocno-
pUHaM 3-ro MoKoneHUs 1 KapbaneHemam 06bIYHO Gbina
Bblwe y Klebsiella pneumoniae, yem y Escherichia coli. B
60nbWIMHCTBE CTPaH ycTonumBoCTh E. coli K kapbaneHe-
Mam no-npexHemy Obina pesKocTblo, HO Npu 3ToM 33%
cTpaH coobwmnu o fone yctoitumsoctu K. pneumoniae
K 3TO rpynne aHTUOMOTUKOB, cOCTaBMBLIEN 25% WK
BbllWwe. YCTOMYMBOCTb K KapbaneHemam Takwe Obina
06blyHbIM ABNeHUem y Pseudomonas aeruginosa w
Acinetobacter spp., npuyem NpOLEHTHbIE 40NN YCTORUU-
BbIX WITAMMOB 6binu Bbiwe, yem y K. pneumoniae. Kak
0TMeYanocb B NMpejbiaylnx pernoHanbHbiX JOoKNajax,
HabnopaeTcs rpagveHT YCTOWYMBOCTW, HanpasieH-
HbI C ceBepa Ha tOr 1 C 3anaja Ha BOCTOK; MpU 3TOM
Gonee BbICOKMe MNoKasatenun HabNOAATCA B HOKHOMN
M BOCTOYHOM yacTAx PernoHa no cpaBHeHUto C cesep-
HbIMU W 3anajHbiMU. 3TO 6bINO 0COGEHHO XapaKTepHO
ans ycronumsoctu K. pneumoniae K uedanocnopuHam
3-r0 MOKONEeHWss U KapbaneHemam U YCTONYMBOCTM
Acinetobacter spp. K Kapb6aneHemam.

Mpyn paccmMoTpeHWu pesynbTaToB TONBKO 13 CTPaH,
npucnaswux B CAESAR aaHHble Kak B 2020 I, TaK U B
2021 1., 0GHAPYXeEHO, YTO obLiee YMCNO U30NATOB BbiIO
Bblllle B 2021 I., Y&M B 2020 I. JTO CTaj0 pe3ynbTaTom

noBblleHNs 06llero 4Yucia U30NATOB BCEX UCCNeAo-
BaHHbIX MaTtoreHoB. Ha cTpaHoBOM ypoBHe nogob6Hble
obwue TeHAeHUMM HabnAanucb He BCEraa; O4HAKO
BCE CTPaHbl COOOWMAN O NONYYEHUU B 2021 T. 6ONbLIETO
yucna usonatoB Acinetobacter spp., 4em B 2020 T. Bo
BCex 16 cTpaHax, coobwumBwmnx gaHHbie B CAESAR B 2021
r., OCHOBHas 4acTb BblJeNeHHbIX U3015ATOB (70%) OTHO-
cunaco K E. coli (37,9%), Staphylococcus aureus (17,2%)
u K. pneumoniae (14,9%).

PaccmaTtpueas pesynbTathl Mo OTAENbHbIM BUAam 6ak-
TEPUA B 2021 I, MOXHO CKasaTb, YTO YCTOMYMBOCTb
E. coli k GTOpXxnHONOHAM B L,eflom 6bina caMoil HU3KO B
ceBepHbIx yacTax EBponeickoro pernoHa BO3 u camon
BbICOKOM Ha tore (cM. puc. 1, rnasa 3). MpoueHT ycTon-
UnMBOCTM HUKE 10% Habnogancsa B 2 (4%) U3 45 cTpaH,
co06WMBLWINX JaHHble 06 3TOM MUKpoopraHusme. Jons
YCTOMYNBOCTU 25% WAN Bbille 3apernucTpupoBaHa B 17
(38%) cTpaHax, a JoNsA YyCTOMYMBOCTU 50% WM Bbllle —
B 4 (9%) cTpaHax. Yto kacaetcs ycronymsoctu E. coli k
uedanocnopmHam 3-ro noKkoneHus, 12 (27%) U3 45 cTpaH
coobumnm o nokasarensax Huxe 10%, TOrAa Kak aons
YyCTOMYMBOCTU, paBHas UK NpeBbiwawias 50%, BbisAB-
neHa B 4 (9%) cTpaHax. M3 44 cTtpaH 8 (18%) coobwmnnu,
yto gons E. coli, ycTohunBbiX K kKapbaneHemam, COCTaB-
nana 1% unu Bolwe (cm. puc. 3, rnaea 3).

YctonumsocTb K. pneumoniae K uedanocnopuHam 3-ro
NOKONEHUA WMPOKO pacnpocTpaHunacs B EBponeiickom
pervone BO3. B 2021 . fonA yCTONYUBOCTU HUXKe 10%
Habnwoganace B 7 (16%) U3 45 cTpaH, COOOWMBLINX
AaHHble 06 3TOM MUKpoopraHusme, a 19 (42%) cTpaH,
0CO6EHHO B 0XHOM W BOCTOYHOW 4acTax PeruoHa,
coo6wWmnaM 0 NPOLEHTHON Jo0Ne YCTORYMBOCTU 50% WA
Bblwe (CM. pUc. 4, rnaea 3). YCToM4MBOCTb K KapbaneHe-
Mam yvauie otmevanacb y K. pneumoniae, yem y E. coli.
B 2021 . JONA YCTOMNYMBOCTU B LeNOM Oblna HU3KON B
ceBepHOM W 3anajHoi yactax EBponeiickoro pervoHa
BO3; 14 (31%) U3 45 cTpaH coobWmnM o gone ycTonuu-
BOCTU HUXKe 1% (cM. puc. 5, rnaea 3); 15 (33%) cTpaH
coo6WMAN O MPOLEHTHbIX AONAX, PABHbIX WAU NPEBbI-
wawwmnx 25%; 8 u3 Hux (18% U3 45 cTpaH) coobwunu o
JONAX YCTOMYMBOCTMU, PAaBHbIX MU NPEBbIWAWUX 50%.

B EBponeiickom pervioHe Habnwaanuco, 6onblmne pasnm-
YnA B NPOLEHTHBIX A0OMAX YCTONYMBBIX K KapbaneHemam
P. aeruginosa. B 2021 r. pona ycTtonynBocTn meHee 5%
BbifiB/ieHa B 2 (5%) W3 44 CTpaH, NpeACTaBUBLIMX AaH-
Hble 06 3TOM MUKpPOOpraHu3me, Toraa Kak 6 (14%) ctpaH
coobwWmnaM 0 AONAX, paBHbIX WU MpEBbIWALWUX 50%
(cm. puc. 6, rnasa 3).

B 2021 r. B PeruoHe HabGnoganucb 3HauuTeNbHble
pasnuynsa B NPOLEHTHbIX AOMAX YCTOMYMBBLIX K Kapba-
neHemam wrtammoB Acinetobacter spp.: oT meHee 1%
B 3 (7%) 13 45 cTpaH, COOOWMBIINX AaHHbIe 06 3TOM
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MUKpOOpPraHusme, 4o 50% uau Bbiwe B 25 (56%) cTpa-
Hax, PacnosOXEeHHbIX MPeUMYLIECTBEHHO B HOXHOA K
BOCTOYHOM yacTax EBponbl (cM. puc. 7, rnasa 3).

B 2021T. B 11 (25%) U3 44 CTpaH, COOOWMBLIMNX AAHHbIE O
S. aureus, NPOLEHTHbIE A0O/W WITAMMOB S. aureus, ycToii-
4mBbIX K meTuuunnuny (MRSA), 6biin Huxe 5% (cm. puc.
8, rnaBa 3). B 13 (30%) cTpaHax U3 44 BbisBNEHHbIE NPO-
LeHTHble fonv MRSA 6binv paBHbl AU Bbllwe 25%.

3HauuTenbHble pasnuuMa Habnwoganuce B PeruoHe
B MNPOLEHTHbIX AONAX YCTOWYMBBIX K MNEHULUANUHY
Streptococcus pneumoniae Hepukoro Tuna. B 2 (5%)
13 43 CTPaH, COOOWMBILINX AaHHble 06 3TOM MUKPOOP-
raHusme, B 2021 I. NPOLEHTHble AONN YCTONYMBOCTHU
cocTaBnsanu meHee 5%, Toraa Kak B 5 (12%) cTpaHax
3TV NOKa3aTenu 6biny paBHbl UAK NpeBbiwanu 25% (cm.
puc. 9, rnasa 3).

YcToitunBocTb Enterococcus faecium K BaHKOMWULUHY B
pa3nuyHbIX CTpaHax PernoHa oTnmyanach CyUecTBeHHO.
B 2021 1. 0 f0oNAX YCTONYMUBOCTU MeHee 1% coobwunm 6
(14%) M3 44 cTpaH, NPefoCTaBUBLWIKX AaHHble 06 3TOM
MWUKPOOpPraHu3me, B TO BPeMs KaK MpPOLEHTHble A0
25% unu Bbilwe obHapyxeHbl B 17 (39%) cTpaHax, 5 u3
KOTOpbIX (11% M3 44 CTpaH) COOGWMAN O NMPOLEHTHbIX
[ONAX YCTOWYMBOCTU, COCTABAABWMUX 50% WM Bbllle
(cm. puc. 10, rnasa 3).

NHdopmaumna o KawAoh KOHKPETHON cTpaHe AnA
KOHKpPEeTHOro Buaa 6akTepuii, BKNOYas JaHHble O BO3-
pacTHOM rpynne v Nof0BON NPUHAANEKHOCTU NALMEHTa,
AOoCTynHa Ha BebG-caiTe EBponeickoro perroHa BO3 [1].

O6cyxpaeHune

Pesynbtatel CAESAR u EARS-Net scHO nokasbiBaloT,
yto VYIMI wupoko pacnpocTtpaHeHa B EBponeickom
pervoHe BO3. XoTs ToyHasa oleHka MmacwTtaba npo-
6nembl YMM ocTaetcs CNOXHOW 3ajayeil, Hanudue
onpeaeneHHolx npodunen  YMMN B KAMHUYECKMX
yupexaeHnax, OXBayeHHbIX CeTAMW 3nuAHaA30pa,
O0YeBUAHO. Bbi3biBalOT 03aboyeHHOCTb Habnoaaemblie
B HEKOTOPbIX CTpaHax BbICOKWE TMPOLEHTHbIE [ONK
yCcTOYMBOCTM K uecanocnopuHam 3-ro NOKONEHUS U
KapbaneHemamy K. pneumoniae, a TaKe 3HaYnTeNbHble
[ONU YCTOMYMBBLIX K KapbaneHemam Acinetobacter spp.
B HEKOTOPbIX CTpaHax. JTO MOXeT CBUAETeNbCTBO-
BaTb O PacnpoOCTPaHEHUM YCTOMYMBBLIX KIOHOB B
MEeAULUHCKUX YYPEKAEHUAX, @ TaKXKe yKa3blBaTb Ha
cepbe3Hble OrpaHWYeHUs BapuWaHTOB NevyeHUA NauueH-
TOB C UHGEKUMAMM, BbI3BAHHBIMWU 3TUMMK MaToOreHamu,
BO MHOTMX CTpaHax. B To Bpemsa Kak rpagveHT npo-
ueHTHbIX gonen YII ¢ 3anaga Ha BOCTOK O4YeBUAEH AN
rpamoTpuuatensHbix 6aktepuit (E. coli, K. pneumoniae,
P. aeruginosa, Acinetobacter spp.), OH MeHee BblpaXeH B
OTHOLIEHUW TPaMNONOKUTENbHbIX GakTepuii (S. aureus,
S. pneumoniae, E. faecium). NMoCKoNbKy pacnpocTpaHe-
HMWe YCTOMYMBBLIX K MPOTMBOMUKPOOHbIM npenapatam
6aKTepuil HEBO3MOXHO CAEPXMUBATL B Npeaenax rpaHul
UN PErnOoHOB, NONYYEHHbIE pe3ynbTaThl MOAYEPKUBAIOT
Heo6X0AMMOCTb COTNAacoBaHHbIX AeiCTBUI No Gopbbe ¢

XX

YNN kak Bo Bcem EBponeiickom pernoHe BO3, Tak n B
MUPOBOM MacliTabe.

Bnuanne naupemun COVID-19 Ha VYN oyeBuaHo.
MHorue cTpaHbl, NnpegocTaBastowme gaHHole 06 YN B
CAESAR, coobwunm, 4to nosyyeHo 6onblie M30NATOB
E. coli B 2021 1., YemM B 2020 I. 3TO MOXeT ObITb CBA3AHO
C HEYKNOHHbIM pacllMpeHnemM [eATeNbHOCTU OpraHoB
3ApaBooOXpaHeHUs B 0651acTAX, HEMOCPeACTBEHHO He
CBA3aHHbIX ¢ pearnpoBaHvem Ha COVID-19, BO3MOXHO,
BK/loYas 6onee akTMBHOE yyacTue B MePONpUATUAX MO
anuaHaa3opy 3a YMIM. Muorue ctpaHbl EBponenckoro
pervoHa BO3 coobwunm o BbiaeneHun 60blIEro KOAU-
4yecTBa U30MATOB S. pneumoniae B 2021 T., 4eM B 2020 TI.
BeposATHO, 3TO CBA3aHO C YCUNEHUEM LUPKYNALUM
pecnupaTtopHbIX NaTOreHOB CPeAW HaceneHua nocne
OTMEHbl U30NALMU WU NPUHYAUTENbHBIX Mep 60pbObI C
pacnpoctpaHeHnem SARS-CoV-2 (KopoHaBupyc Taxe-
JI0r0 OCTPOro pecnupaTtopHoro cuHapoma-2). C apyroi
CTOPOHbI, BO MHOFMX CTpaHax B 2021 I. yalle, Yem B
npeablaylme roabl, BbIAENANN TaKME TUNINYHbIE BO36YAM-
Tenn nHdeKkymin, CBA3aHHbIe C OKa3aHMemM MeAULNHCKOW
nomoluu, kak Acinetobacter spp. v E. faecium.

B uesnom B 2021 1. 6onblue cTpaH u nabopatopuin coo6-
Wunn aaHHble B EBponeickme cetn anupHaasopa, yem
B Npeablayline roabl, YTo ABAAETCA 06HaLEKMBAOWMUM
larom B NpaBWAbHOM HanpaeneHWU. Tem He MeHee
npu paccCMOTPEHUM BO3MOXKHOCTEW 3nugHaj3opa B
EBponeiickom pervoHe BO3 cnepyer oTmMeTuUTb, 4TO
16% CTpaH no-npexHemy coob6WaT, 4YTO OHU CO6U-
patoT faHHbie 06 YNNI ToAbKO Ha MECTHOM YPOBHE U He
MCNONb3YIOT CTAHAAPTM3MPOBAHHbLIA NOAXOA. ITO MOA-
YepKMBAET MOCTOAHHYID HEOOXOAUMOCTL CTPEMUTHLCA K
YyCUAEHUIO CTAaHAapTM3aumMmn No Mepe Toro, Kak CUCTeMbI
1 CeTU NPOAONKAIOT PacTh U pa3BMBaATbCA.

C momeHTa ny6nukauyuu B 2015 r. [nNob6anbHOro nnaHa
neicTBUiA no 60pbbe C YCTOWYMBOCTbIO K NMPOTUBOMMU-
Kpo6HbIM npenapatam (TMNA-YMAM) [2] 60nbWMHCTBO
rocynapcte-uneHoB EBponeiickoro pernoHa BO3 akTu-
BU3MpoBanu ycunua no npotusogencteuio YMM. B 2017
r. ToNbKo 34 (68%) U3 50 cTpaH coobwunu o paspa-
60TKe HalUMOHaNbHOro nnaHa aencreuin (HNA) no YN,
TOrAa Kak nocnefHuin payHa rnob6anbHOro MOHUTOPUHTA
noKasas, YTo 3TO YMC/IO YBENUYUNOCh A0 44 (85%) n3
52 cTpaH-pecnoHaeHToB PervoHa (cm. Tabn. 6, rnasa 3).
MpeacTosAwasn 3agavya cCOCTOMT B TOM, 4T06bI 06ecneynTb
BCceOoObEMIOWEE OCYLEeCTBIEHNE U ajeKBaTHOe (DUHAH-
cuposaHue HIMA.

TOYHO TaK e MOMbITKM ONTUMU3NPOBATL NoTpebneHue
NPOTMBOMUKPOGHLIX MpenapaToB B PervoHe ocrtawTcs
HepaBHO3HauyHbIMU. B TeyeHue 2021 1. 19 U3 28 (68%)
cTpaH EC/E33, npeaocTaBMBLINX AaHHbIE, OTHOCALWMECSH
KaK K MECTHOMY HaCeneHuto, Tak U K 60IbHUYHOMY CEeK-
TOPY, AOCTUMAN WU NPEBbLICUAN HA CTPAHOBOM YypPOBHE
ueneson nokasatenr BO3, cornacHo Kotopomy 60%
obwero notpebneHns aHTUOUOTUKOB [OMIKHO MPUXO-
OWTbCA Ha KaTeropuio «AocTyn» [KaK onpeAeneHo B
KnaccuduKaumoHHOM cnucke «f[octyn, HabnwopeHue,
peseps» (AWaRe)] [3]. TonbKo 5 K3 18 cTpaH, OTYMTaB-
wuxca nepen Cetbio EBpOMENCcKOro pervoHanbHOro
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6t0po BO3 no notpe6neHunio NpoTMBOMUKPOGHLIX Npena-
paToB, AOCTUIIN 3TON LEeNun B 2019 I. [4].

MocneacTBus Ans o6uieCTBEHHOrO
3 paBOOXpPaHeHUs

VMM - oAHa M3 10 rNaBHbIX Yrpo3 06LECTBEHHOMY
34paBOOXPaHEHMI0, C  KOTOPbIMM  CTanKuBaeTcA
yenoBeyecTBo [5]. XoTs yncno ctpaH B PermoHe, oTKANK-
HYBLWIMXCA Ha rno6anbHbId NpusbiB [2, 6] paspaboTaTsb
HMA no VYIM, focTUrNO BbICOKOTO YPOBHA U MHOrue
CTpaHbl yXe npuctynawT K nepecmoTpy csoux HMNA ans
cnepyloulero 3Tana peanusaunun, HEKOTOpPble U3 CTPaH
TONbKO Havyanu ocywecTBaATb 3 deKTUBHbIE MePbI MO
60pb6e ¢ Y. To e camoe OTHOCUTCA U K 3NUAHAA30pY
3a Y. Heo6xoAMMbl AOMONHUTE IbHbIE YCUIUSA U UHBE-
CTULUN ANA NOBbIWEHNA CONOCTAaBMMOCTU, KONNYECTBA
1 KauyecTBa AaHHbIX 3NuAHaa3opa 3a Y. Takue Habnto-
fallmecs cerofHA ABNEHUA, KaK yBenUYeHue uyucna
nsonaTtoB Acinetobacter spp., ycToin4MBbIX K Kapbane-
HemMam 1 ¢ TPYAOM MOALAIOWMXCA, UCKOPEHEHUIO Mocne
TOr0, KaK OHM CTAHOBATCA IHAEMUYHBIMU, MOAYEPKNBAIOT
Heob6X0AMMOCTb AaKTUBM3ALUM yCUAUIA MO npeaoTBpa-
LWeHNI0 U BbIABNEHUID ycTonumBocTU. OGHapyXeHHble
0COGEHHOCTU TaKXke MOKa3blBalOT, KaKyl POJb MOKET
urpatb anuaHaa3op 3a Y B ykpenneHun ycTonunsocTu
(DYHKUMOHMPOBAHMA M TOTOBHOCTU CUCTEM 3/paBOOXpa-
HEHUWA K Ype3BblYaHbIM CUTYALUAM.

Mlo-npexHemy HeaoCTaTOYHbI NOAJEPIKKA HAa BbICOKOM
YPOBHE W HajexHoe (UHaHCMpPOBaAHME KOMMNEKCHbIX
nporpamm u MeponpuATuii no npodunakTuke nHdeKumi
1 nHdekynoHHomy KoHTponto (MUUK), pauroHanbHoMy
MCNONb30BaHWUID NPOTUBOMUKPOOHBIX NpenapaToB U
anuaHaa3opy. He Bbi3biBaeT COMHEHUA, YTO NPUBEPKEH-
HOCTb Ha CaMOM BbICOKOM NPaBUTeNbCTBEHHOM YPOBHe
MMeeT peluatollee 3Ha4YeHne ANa NPOABUXEHUA Brepes
B COOTBETCTBUM C NOBECTKOM AHA no 6opbbe ¢ YN [7].

Nangemus COVID-19 BbiABMAA clabble MmecTa B
HaLMOHaNbHbIX CUCTEMAX 3JpaBOOXPAHEHUA U B3aUMO-
3aBUCUMOCTb CTPAH M KOHTUHEHTOB. Mup ele TONbKO
npucnocabnuBaeTca K MNoCNeACTBUAM 3TOW NaHAeMUM
KaKk Ana niofei, Tak U Ans oOLECTBEHHOro 3ApaBo-
oxpaHeHua. Bo Bcem EBponeiickom permoHe ycunus,
HanpasfeHHble Ha 6opbby ¢ YMIM, TONbKO HayMHaOT
npuobpetate cbHanaHCUPOBAHHbIA XapaKTep mnocne
nepenpouAMpPoOBaHNA MEAULMHCKUX PAaBOTHUKOB AnA
noaAepXKW mep pearupoBaHua Ha naHaemuto COVID-
19. o Bcemy Mupy npaBuTenbCTBa CTONKHYIUCHL C
Heo6XxoAMMOCTbI0 GoNee CKOOPAMHMPOBAHHbIX Aeil-
CTBUWA U COTPYAHMYECTBA, M 3TO NPONOMKWUNO NYTb ANA
co3/iaHusA efuHoro hpoHTa NpoTMB ByayLIUX Yrpo3 34pa-
BooxpaHeHuto, BkatoYas YII. EcTe Hagexaa, 4To TaKow
eAUHbIA PPOHT NO3BONUT HAaM B Gnuxkaniume rogbl 6onee
3(eKTMBHO pearnpoBaTb Ha HaABUTaOLWYIOCSA Yrpo3y,
KoTopyto npescTaBnseT cobon Y.

B 3tom poknape nopyepKmMBaeTcA, YTO NO-MpeXHeMy
COXpaHAlTCA pa3nnyma B pacnpoctpaHeHHoctn YNNI B
EBponeiickom pernoHe BO3; Takie B HeM pacKpbiBalTCA
HENWCNnoNb30BaHHbIE BO3MOXHOCTM MNPOTUBOAEACTBUSA
ynn.

Ctpanbl EC/E33

Kak v B npeablaylme rogbl, Bce rocygapcraa-yienbl EC u
aBe cTpaHbl E33 (Ucnanavsa v HopBerus) npeaocTtasuim
NaHHble 32 2021 T. B EARS-Net [8]. BocemHaauath (62,1%)
M3 3TUX 29 CTPAH CO06LWMAN, YTO OXBAT yCAyramu, npeao-
CTaB/IeHHbIMU NabOPATOPMAMMU-YYACTHUKAMM, COCTABMUI
CBbIWe IBYX TPETEe HaCeNeHUsA UX CTPaH, B TOM YUCIIe 14
cTpaH coobwmnm o6 oxeaTte 90,0% HaceneHus u 6onee.
B T0 e Bpems AaHHble, CO06LEHHbIE 7 CTPAHAMMU, OXBa-
TbiBaU MeHee YeM NOoNOBUHY HaceneHus (Tabn. A3.2).

[Baauatb age (75,9%) U3 29 CTpaH-y4acTHUL, NPOAEMOH-
CTPMPOBANM, YTO NPEAOCTABNEHHbIE UMW AaHHbIE UMEIOT
BbICOKYI0 HaLUMOHaNbHYI0 PEenpe3eHTaTUBHOCTb MO
TPpeM noKasaTeNsM: OXBaT reorpauyeckux painoHos,
BK/IIOYEHME B 3NUAHAA30P GONbHUL CKOPOW MomoLU K
onpeaeneHne B 3TUX 6GONbHMLAX MUKPOOPraHM3MOB,
BbI3bIBAKOWMX WHBA3NUBHbIE UHbEKUUN. Ele 3 cTpaHsbl
coobWmnan, YTo penpe3eHTaTUBHOCTb 6blla «BbICOKOM»
ANA ABYX M3 Tpex nokasaTenem, a ofiHa cTpaHa co06-
wnna, 4YTO penpe3eHTaTUBHOCTb €€ HalMOHaNbHbIX
[aHHbIX MO BCEM TPeM noKasaTensam 6bina «HU3KOM»
(tabn. A3.2).

0 yacToTe MCCNeAoBaHMA TEMOKYNbTYp B G0nbHUULAX,
ob6cnymmBaembix nabopatopusmu, NpPeaoCcTaBUBILUMMU
AaHHble B EARS-Net B 2021 1., coobwunu 24 ctpatsl. B
22 CTpaHax, COOOWMBLWINX O BbICOKOW HaLMOHANLHOM
penpe3eHTaTUBHOCTY MO BCEM TPEM BbllIENepPeynCcieH-
HbIM MOKa3aTenAam, CpeHU noKasaTenb nccnefoBaHuA
reMOKYNbTYyp No CTpaHe 6bin B 2,6 pasa Bbille, YEM B 4
CTpaHax, COOOWMBLWINX O CPEAHEM WU HU3KOM YyPOBHE
HauMOHaNbHON penpe3eHTaTUBHOCTU NO  KpaiHewn
Mepe no ABYM U3 3TUX nokasarteneit (76 Habopos Ans
NCCNefOBaHMA TEMOKYNbTYp Ha 1000 MauUeHTO-AHEeN
Nno CpPaBHEHMIO € 29 HabopamMu COOTBETCTBEHHO).
3aperucTtpupoBaHHble MNOKa3aTenn MNOCEBOB KPOBU
OblNIN CAMbIMU BbICOKUMU B Benbruu, auuu, Ucnavuu,
Moptyranuu u ®uHnauanm (>100 HA6OPOB HA 1000 NaYM-
€HTO-[|HEel) U caMbiMU HU3KMMK B Bonrapuu, BeHrpuu,
Nateuu, Nlutee n Yexun (<25 HabopoB Ha 1000 NaLKeH-
To-aHen) (Tabn. A3.2).

Bce cTpaHbl, Kpome 0HOM, COOOWMAN AaHHbIE MO BCEM
8 6aKTepuanbHbIM BUAAM, MOANEXALWMUM 3NUAHAA30PY
B EARS-Net (E. coli, K. pneumoniae, P. aeruginosa,
Acinetobacter spp., S. pneumoniae, S. aureus, E. faecalis
u E. faecium), B To BpemMs Kak ofHa cTpaHa (Tpeuyms)
coobwmna AaHHble Mo Bcem 6GaKTepuanbHbIM BUAAM,
Kpome S. pneumoniae.

Konuyectso nabopatopuit, yyacteyiowux B EARS-Net,
npojonXano pactu, 4YTo ABNAETCA CBUAETENbCTBOM
YKpenneHna HaLuMOHaNbHbIX CACTEM 3nNuAHaj3opa 3a
YNN8 EC/E33.B 2021 T. jaHHble NpeacTaBUAmn 1847 nabo-
patopuil, 1006 M3 KOTOPbIX Haxoaunucb Bo PpaHumu.
BbifiBNEHO, YTO B Nepuog 2017-2021 Ir. 666 naboparo-
puii coobwany AaHHble eXXeroAHo. IT0 NOATBEPKAAN0Ch
TeM, 4YTO CTPaHbl, NpeACTaBMUBLLUME OTYETHOCTb, CMOTN
npejocTaBUTb MocneoBaTeNbHble NabopaTopHble UAEH-
Tudmkatopbl. Cioaa He BXofAaT >85,0% nabopaTopuii
®paHunn n peunn, yyacTBoBaBWKX B 3NUAHAA30pe B

xxi
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2021 . 310 06ycnoBAeHO NMGO Cepbe3HbIMU M3MeHe-
HUAMU B OpPraHn3auMOHHON CTPYKType HauuMOHaNbHOWM
cuctembl 3nuaHagsopa (Ppaduwms), nubo orpaHuye-
Hnem EARS-Net, cornacHo KOTOpOMY, HaYMHaA € 2019 T.,
MOXHO perucTpupoBaTb TO/NbKO [AaHHble naboparo-
puWiA, ncnonb3yWwmnx metoabl U pekomeHgaunn EUCAST
(Tpeuwusn).

Anugemuonorus

B 2021 r. yawe Bcero peructpuposanu E. coli (39,4%),
3atem cnepoBsanu S. aureus (22,1%), K. pneumoniae
(11,9%), E. faecalis (8,8%), E. faecium  (6,2%),
P. aeruginosa (6,1%), Acinetobacter spp. (3,0%) u
S. pneumoniae (2,5%). ITOT MOPAAOK OTAMYaANCA OT
nopaaka 2020 r.:. E.faecium w Acinetobacter spp. B
2021 . NePemMecTUNINCb Ha OJHO MecTo Bbllwe. B 2020
M 2021 T. NONYYEHUE [JaHHbIX COBMANO C Ype3Bblyaii-
HOW Harpy3Koi Ha 3ApaBoOXpaHeHue n3-3a NaHAemuu.
B cBfA3M C 3TMM NOJIe3HO TaKXe CPaBHWUTb AadHHble 3a
2021 I. C JaHHbIMK 3@ TOAbl, HEMOCPEACTBEHHO Npej-
wecTBoBaBwue 2020 r. Kpome TOro, HecmoTps Ha
BbICOKYI0 penpe3eHTaTUBHOCTb AaHHbix EARS-Net no
oTAenbHbIM CTpaHam u B uenom no EC/E33, aHanus,
OrpaHuyYeHHbIi NabopaTopuAaMU, O KOTOPbIX U3BECTHO,
YTO OHM HenpepbiBHO coobOWanu faHHble B TeyeHue
2017-2021 IT., NO3BONAET NMPOBEPUTb YKA3aHHbIE TeH-
AEHUMM. DTOT «OrpaHuMyeHHbIn» Habop AaHHbIX MMeeT
BbIpaX{€HHOe CXOACTBO C «MOMAHbIM» HAabOPOM AaHHbIX.
Wnnioctpaunei aBnseTca ysennyeHune B 2021 . N0 cpas-
HEeHUIO C 2020 T. 06LEro KONNYECTBA BCEX NOAEXKALMX
anugHaa3opy BuaoB 6aktepuit B EC/E33 Ha 7,2% cpeaun
nabopartopuii, KOTOpble MOCTOSAHHO CcO006WanyU AaH-
Hble B EARS-Net B TeyeHne 2017-2021 rT., U Ha 8,8%
BO BCex nabopaTtopusx, cooblaBWmMX AaHHble B 3TOT
nepuog. Kpome 1oro, cpeau «orpaHu4yeHHoro» Habopa
NaHHbIX (nabopaTopuu, exeroaHo coobuiaBlive [AaH-
Hble B TeYeHUe 2017-2021 IT.) U30NATbI S. pneumoniae
peructpupoBanu yauwe, yem Acinetobacter spp. (3,2%
M 2,8% BCeX 3aperucTpupoBaHHbIX BUAOB GaKTepui
COOTBETCTBEHHO). B ocCTanbHOM paHxupoBaHue ocTa-
N0Cb TaKUM e, KaK U B «NOJHOM» Habope AaHHbIX. B
TOVi XXe OrpaHuyYeHHO rpynne nabopaTopuit cpaBHeHue
[NaHHbIX 2021 . CO CPeAHUMU MOKasaTensmu 3a 2018 u
2019 IT. MOKa3blBaeT Hanbonbliee yBeIUYEHNE KONMYe-
CTBA 3aperucTpupoBaHHbIX 3onaToB Acinetobacter spp.
(+73,9%; 3523 U 6127 COOTBETCTBEHHO) W E. faecium
(+32,5%; 9926 M 13151 COOTBETCTBEHHO), 33 KOTO-
pbimu cnegosanu E. faecalis (+11,7%; 15777 u 17620
COOTBETCTBEHHO). M0YTM He 6bIN0 U3MEHEHMIN B KOMU-
yectBe wusonatoB K. pneumoniae (+0,03%; 25044
M 25052 COOTBETCTBEHHO) U P. aeruginosa (-0,9%;
12150 U 12035 COOTBETCTBEHHO). KonuuyectBo 3ape-
TUCTPUPOBAHHbIX u3onAToB S. aureus (-5,5%; 50267
U 47487 COOTBETCTBEHHO), u3onatoB E. coli (-11,8%;
99266 1 87526 COOTBETCTBEHHO) U 0COOEHHO N30MATOB
S. pneumoniae (-45,6%; 12629 1 6 875 COOTBETCTBEHHO)
yMeHblunochb [9].

Kak B 2020, Tak 1 B 2021 I., Habnwaanocs Haubonblee
ro4oBoOe yBeJnyeHne KoanmyecTsa 3aperncTpupoBaHHbIX
nsonatos Acinetobacter spp., a B nepuoj 2017-2019 IT.

xxii

KONIMYECTBO 3TUX WU30/ATOB 6ObINO OTHOCUTENbHO CTa-
6unbHbiM (210,0%). B 2017-2019 rr. Habnwganuch
CXOfHble TEHAEHUMM B OTHOLWEHWM 3aPerucTpUpoBaH-
HbIX U301AT0B Acinetobacter spp., yCTOMYMBbLIX K KaXA0M
13 3 rpynn nNpoTUBOMUKPOGHbLIX NpenapaTos, NpeacTaBs-
NeHHbIX B 3TOM Aoknage (To ecTb K KapGaneHemawm,
dbTopxuMHONOHamM W amuHornukosmgam) (tabn. 7h).
Cpean nabopatopuil, KOTOpble MOCTOAHHO co06wWanu
AaHHble B MepMOA 2017-2021 IT., YBEJUYEHUE KOnye-
CTBAa YCTOMYMBLIX K NMPOTMBOMUKPOGHBLIM npenaparam
130nATOB 6bI0 60Nee BbIPAXKEHO B 2021 I. MO CPpaBHe-
HUI0 CO CPeAHUMMU NOKa3aTensamm 2018 1 2019 IT. (+121%
B CpegHeM ANsA Kawaon u3 3tux 3 rpynn). Kpome Toro,
HabN0AaNCA 3HAYUTENbHBIA POCT NPOLLEHTHOM JOAU N30~
NATOB, YCTOMYMBLIX K KapbaneHemam, AOCTUraBlIUA B
2021 T. 48% [9]. Ha ypoBHe cTpaH B 2021 I. NPOLEHTHAA
[0NsA yCToNYMBbIX M30naToB Acinetobacter spp.(no coo6-
WeHNsAM BCeX NpeAoCTaBAABIINX AaHHbIe nabGopaTopuin)
Kone6anacb 0T 0,0% [0 >98,0% ANA KAKAOW U3 3 rpynn
aHTMOMOTUKOB M ANA KOMGUHWPOBAHHOM YCTOMYMBOCTM
Ko BceMm Tpem rpynnam (ta6n. 7b).

Mpodunu ycronumsocT oboux BuMAoB Enterococcus,
noanexalwmx 3nMaHaA30py, BCe elle Bbi3biBalOT 03a60-
yeHHocTb. MpoueHTHasa ponsa E. faecium, ycTORYMBbIX
K BaHKOMMWLMHY, NPOAOMKanNa pactu, JOCTUTHYB 17,2%
B 2021 I. YTo Kacaertcs E. faecalis, T0 B 2021 I. no4tn y
TPeTn BCeX 3aperucTpuMpoBaHHbIX W30NATOB BbiAB/EH
BbICOKWI YPOBEHb YCTOWYMBOCTM K TEHTAaMULMHY.

C ppyroit cTopoHbl, B uenom no EC/E33 u 3a nepuog
2017-2021 T. GONbIIMHCTBO KOMOBUHAUM BUa bGakTe-
puUii—NpPOTUBOMUKPOGHBIN Npenapar, NPeACcTaBNeHHbIX B
3TOM j0KNaje, NoKasanu NMbo TeHAEHLUUIO K 3HAYNUTENb-
HOMY CHUXEHWUI0 CpeAHEeB3BELIEeHHON MO YUCIEHHOCTU
HaceneHus npoueHTHoin gonu YMMN, nubo oTcyTcTBUE
3HaYuMmon TeHaeHUMn. K WUCKNIOYEHUAM OTHOCUNUCH
TEeHAEeHLUMKN, onucaHHble ans Acinetobacter spp., n B3Be-
WeHHas No YncneHHocTn HaceneHus EC/E33 npoueHTHasn
0N YCTOMYMBOCTU K KapbaneHemam Kak ans E. coli, Tak
n gna K. pneumoniae, KoTopas yBeauymnacb B nepuoj,
2017-2021 rT. (Tabn. 7b). CoobueHuns 06 ycTonynBocTu
K KapbGaneHemam cpeau usonatos E. coli octaBanucb
oTHocUTeNnbHO peakumu (0,2% B 2021 r.). Hanpotus,
B 2021 I. 11,7% u3onatoB K. pneumoniae 6binu ycToW-
yuBbl K KapbaneHemam (gManasoH B cTpaHax: 0—80%).
CpeaHeB3BELEHHbIA NO YUCNEHHOCTM HaceneHnus EC/
E33 npoueHT ycToMYMBOCTM K KapbaneHemam cpenu
nsonAatoB K. pneumoniae yBenuuymBancs C KaxAbiM
rogom. Temnbl pocTa MO CPaBHEHUID C Mpeabigylwmm
rofl0M TaKXe eXerojHo pocnu B Nepuof 2017—2021 IT.
Ha +5%, +6%, +11% 1 +17% CcOOTBEeTCTBEHHO. [0f0BOE
OTHOCUTENbHOE M3MEHeHMe MPOLEHTHON A0AN YCTOM-
uynmBbIX K KapbaneHemam wu3onaToB K. pneumoniae
AaX{e MOXHO Oblo Ha3BaTb NOpPasnUTesbHbIM ANns Nabo-
paTtopuil, KOTOpble COOOWaNM AaHHble €XerogHo B
2017-2021T. (+0%, +8%, +31% 1 +20% B 2018—-2021 IT.
COOTBETCTBEHHO) [9].

B uenom npoueHTHoe cooTHoweHune VYII, B3BeleH-
HOe Mo 4YucineHHocTu HaceneHusa EC/ED3, 6bi10 HUXKe
ana E. coli, yem pna K. pneumoniae, P. aeruginosa
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n Acinetobacter spp. Tem He MeHee 53,1% BCex M30-
natoB E. coli, 3apernctpupoBaHHbIXx B 2021 T.,
obnagany ycToiMYMBOCTbIO MO KpPanHel mMepe K OfHOM
rpynne  nNpOTMBOMMKPOOGHbIX  MNpenapatoB, OXBa-
YeHHbIX 3NWAHAA30pPOM, MO CPaBHEHUID C 43,0%
nsonatoB Acinetobacter spp., 34,3% — K. pneumoniae
n 18,7% - P.aeruginosa. Cpean 3TUX 4 NaTOreHoOB
KOMOWHMPOBAHHAA  YCTOMYMBOCTbL K  HECKONbKUM
rpynnam npoTUBOMUKPOOHbIX mpenapaToB/areHTam
ocTaBafacb 4YacTbiM ABneHueMm: 5,1% usonatos E. coli,
21,2% - K. pneumoniae, 12,6% - P. aeruginosa v 36,8%
- Acinetobacter spp. (Tabn. 7b). Yto Kacaetcs S. aureus,
TO B nepuoj 2017-2021 IT. 6GblI0 3aperncTpMpoBaHo
3HaynTenbHOe CHUXEHWEe B3BELIEHHOW N0 YWUCAEeHHOo-
cTn HaceneHnus EC/E33 npoueHTHOW [ONU M30NATOB
MRSA ¢ 18,4% po 15,8% (1a6n. 7b). Tem He meHee MRSA
no-npexHemy sBNsAeTCA BaXHbIM natoreHom B EC/EJ3,
1 B HEKOTOPbIX CTPaHax ero NpoueHTHasA A0NA ocTaeTcA
BbICOKOW.

NHdopmauna OTHOCMTENbHO KOHKPETHbIX (eHOTMNOB
YN B KaxAoi cTpaHe U ANA KaxAoro Buaa 6akTepwuii,
BKJ/IlOYasA pe3ynbraTbl MO BO3PACTHbIM rpynnam u nony
nauueHToB, 4OCTYNHA B ATnace anuaHag3opa 3a Hdek-
UMOHHbIMU 3aboneBaHusmu EBpomneiickoro LeHTpa
npoduUNakTUKM U KoHTpons 3aboneeanuint (ECDC) [10].
3apernctpupoBaHHble npoueHTHble ponn YIMIMN pna
HECKONbKUX KOMOUHaLWA Bug 6akTepuin—rpynna npoTu-
BOMMKPOOHbIX NpenapaTtoB 3HAYUTENbHO pas3nuyanuch
B cTpaHax EC/E33, yacTo ¢ rpagueHTOM C ceBepa Ha tor
M C 3anaja Ha BOCTOK. B uenom camble HU3KMe nokasa-
Tenn YN 6611y 3aperucTpupoBaHbl B CTpaHax ceBepa
EBponbl, @ camble BbICOKME — B CTPaHax tora 1 BOCTOKa
EBponbl.

06cyxxaeHue

B 2021 r. npoueHTHble gosnn YMIM ans KomGUHAUUI BUA
GaKTepuii—rpynna npoTUBOMUKPOOHLIX MpenapaTos,
noanexawmx anuaHaa3opy, B uenom ans EC/E33 ocTa-
BaNNCb BbICOKUMMU. TeHAEHUMM K POCTY B OTHOLIEHUU
yCTONYMBOCTU K KapbaneHemam y K. pneumoniae u
Acinetobacter spp. W K BaHKomuuuHy y E. faecium B
nepuoj 2017-2021 [T. Bbi3bIBAalOT 0C00yl0 03aboyeH-
HOCTb M yKa3biBaloT Ha To, 4To Y ocTaetcs B EC/E33
cepbe3Hoit npobnemoii. Kak u B npeabigyliue rogsl, B
cTpaHax EC/E33 B 2021 I. HabNoAanNCh CyuleCTBEHHbIE
pasnuuyua B npoueHTHbIX gonax YIIM. 3To ykasbiBaer
Ha BO3MOXHOCTU 3HauyutTenbHoro cHwxenunsa YN 3a
cyeT Mep Mo ynyyweHuto nNpodunakTUKN UHbeKUUin n
nHdekunoHHoro koHTpona (MUNK) n BmewarensbcTs no
pauvoHaNbHOMY WCNONb30BAHMIO MPOTUBOMUKPOOHBIX
npenapaTos.

MonyyeHune faHHbIX 3@ 2020 U 2021 IT., NPEACTABNEHHbIX
B 3TOM J0K/Naje, COBMano C NepBbIMU rofamm naHaeMmumm
KopoHaBupycHoit uHdekuun (COVID-19). B TeyeHune 2020
M 2021 [T. N€PeMeHbl B MOBEAEHUN NOAEN, BbI3BAHHbIE
aencrteusamu no 6opbbe ¢ COVID-19, BUAOU3MEHUNMN PUCK
3apaxeHus ycTonymMBbIMM natoreHamu [11-12]. Cpeau
HaceneHUs HemMeAUKaMeHTO3Hble BMelaTenbcTea (HMB)
B oTHOwWweHun COVID-19, HanpaBneHHble HA NooLpeHne

hu3nYecKoro AMCTaHUMPOBAHUA, COKPATUAM KoONnye-
CTBO U NMPOAOMKUTENBHOCTb KOHTAKTOB MEXAY NI0AbMU.
B TeyeHne nepBOM NONOBUHbI 2021 T. CTPAHbI MOCTENEHHO
CHUXaNn WUHTEHCUMBHOCTb BHeapeHua HMB nocne cBa-
3aHHOTO C BaKuMHaLuMen COKpaLleHna rocnutanmnsaunii,
MOCTYNNEeHNA B OTAENEHNA PeaHUMaLMn U UHTEHCUBHOM
Tepanun (OPUT) n cmeptHoctn ot COVID-19 [13-14].
OceHbto 1 3UMOI 2021 . HabNOAANCA BCNIECK rocnuTa-
nusauui n noctynnennii 8 OPUT no nosogy COVID-19,
4TO MPUBENO K TOMY, YTO HalUMOHaNbHble OpraHbl CHOBA
yCMAUNM pacnpocTpaHeHne nHhopmaLumm OTHOCUTENBHO
COVID-19 no kaHanam o06LeCTBEHHOTO0 3JpaBooxpa-
HeHUA; Npu 3TOM «yCTanoCTb OT NaHAEMUU» YacCTo
Oblna cBA3aHa CO CHueHuem cobnioaeHus HMB [15].
B TeyeHue nepBbIX 2 NeT NaHAEMUU OTMEYEHO 3Ha-
UnTeNnbHOe CHUXEeHUe 0oO6lWero ypoBHA noTpebneHus
aHTM6aKTepuanbHbIX NpenapaToB AN CUCTEMHOrO Npu-
meHeHus (rpynna Jo1 ATC), 0co6eHHO cpean HaceneHus.
V3meHeHUs ObiNyM MeHee BbIPAXEHHbIMU B 6ONbHUYHOM
ceKTope, rae yBenuuyunocb notpebneHne aHTMOUOTU-
KOB NnocnefHen nuHUU, ocobeHHo KapbaneHemos [3]. B
2020-2021T. 4OCTYN K NpoMUNakTUYeCKon, NepBUYHON
1 NNaHOBOW MeANLMHCKOA NOMOLLM, BKIOYAA XUPYPTHio,
6bin oTcpoyeH. bonee cneuManusMpoBaHHas NOMOLLb
(Hanpumep, npu nosgHem AuarHose) oGbi4HO Tpebyert
BMelaTenbCcTe (Hanpumep, UCNONb30BAaHWE MPOTUBO-
MUKPOGHbLIX areHToB U WMHBA3WUBHbIX YCTPOWCTB), Npu
KOTOPbIX Y NALMEHTOB MOXeT BO3pacTaTb PUCK 3apaxe-
HUSA YCTOMYMBBIMU K MPOTUBOMUKPOOGHbLIM Npenapatam
natoreHamu [16]. Kpome Toro, rocnutanu3sauus 8 OPUT
n3-3a COVID-19 yBenunymna Harpy3Ky Ha pecypcbl 3TUX
otaeneHuit. ns yaoBNeTBOPEHUS HEOTIOMKHbIX NOTPe6-
HocTeil noTpe6oBanoch nepenpodunpoBaHme Koek u
npuBieyeHne nepcoHana, o6bI4HO He 3aHAToro B OPUT.
[nsa 3awWwmTbl OT pecnupaTtopHbIX BUPYCHbIX NaTOreHoB
MMenucb MonHoueHHble pekomeHpauun no NMUUK kak
ANA MEAUUMHCKUX YYpexAeHWn, Tak U ANA Hacene-
HusA. OgHaKo Ha cobnoaeHne B 34paBOOXPAHEHUN BCeX
mep MWK, BepoATHO, HeraTUBHO MOBAKWANA BbiCOKaA
3arpyeHHoCTb 60NbHUL, HEBbIXOAbl COTPYAHWKOB Ha
pa6oty u3-3a COVID-19 u onopa Ha 6Gonee monogoi
nepcoHan [17-19]. [lae HeCMOTpPSA Ha TO, YTO B 2020 "
2021 IT. opraHbl BAacTu ctpad EC/E33 cocpeaoToumnu
pecypcbl 06LecTBEHHOTO 3ApaBooOXpaHeHus Ha 6opbbe
¢ COVID-19, 4TO6bI NPOTMBOCTOATH OCTPOMY KPU3MUCY,
3T CTpaHbl MPOAOMKANM pPacWMpATb CBOe yyacTue B
EARS-Net. B pe3synbrate, MOCKONbKY pAaHHble, npej-
ctaBieHHble B EARS-Net GoibWMHCTBOM CTpaH, 6bian
penpe3eHTaTUBHbI HAa HALMOHANbHOM YPOBHE, NX MOXHO
MCNonb30BaTh ANA AOCTOBEPHOrO ONMUCAHUA COXpaHAlo-
weiica yrpo3ssl YMNN B EC/E33.

B 2022 r. ECDC ncnonb3oBan HalMoHaNlbHble JaHHbIE,
npeactaBneHHble B EARS-Net 3a 2016-2020 rr., Ana
OLEeHKMN GpemeHn MHDEKL M, BbI3BAHHbIX YCTOMYUBbIMU
K aHTUBMOTUKAM GaKTepuaMU, MOLNEXKAWMMN INUAHAA-
30opy B EC/E33 [20]. B nepuoa ¢ 2016 No 2019 TI. YNCNO
cnyyaeB 3TUX MHpeKuuin ysenuuunocb ¢ 685433 A0
865767, a 3aTeM CHU3MIOCh 10 801517 (MO OLEHKe 2020
r.). PacyeTHoe rogoBoe KONMYECTBO CMepTeil, CBA3aH-
HbIX C 3TUMU UHDEKUMAMU, BO3POCIO C 30730 CyyaeB
B 2016 I. 0 38710 CMepTeN B 2019 I., @ 3aTeM HEMHOTO
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CHMU3WUNIOCb B 2020 T. 10 35813 cmepTenn. B 2016-2020 rT.
Haubonblwee 6Gpems GonesHen NPUXoOAUNOCH HA UHDEK-
unMu, BbI3BaHHble wWTammamun E. coli, yctoinumsbiMu K
uedanocnopuHam 3-ro NOKONEHUsA, 3@ KOTOPbIMU clie-
noBanu nHgekymmn, Bbi3aBaHHble MRSA 1 ycToRYUBbIMM
K uedanocnopvHam 3-ro nokonenus K. pneumoniae.
MHdeKkunn, BbI3BAHHbIE 3TUMU TpPems YCTOWYMBLIMU
K aHTMOMOTUKAM GakTepusmu, OKasanu Haubonblee
BO3/lefiCTBME HA 3J0pOBbE, COCTaBMB 58,2% 0T 0bLero
6pemeHu 6onesHeil, U3MePAEMOro B NOTEPSAHHbIX FOAAX
3a0poBoit xu3Hu (DALY). Mo oueHkam ECDC, B 2020 T.
30,9% obuero 6pemeHu, nsmepenHoro B DALY, npu-
XOAMNOCb Ha WHQEeKunMn, BbI3BaHHble OaKTepuamHU,
yCTOMYMBbIMM K KapbGaneHemam. CXofHOE KO/NMYECTBO
cmepTeit 6bI10 CBA3AaHO C YCTOWYMBLIMU K KapbaneHe-
mam K. pneumoniae (4076), Acinetobacter spp. (3656) u
P. aeruginosa (3 210) [20].

B nepuos ¢ 2020 no 2021 I. 0COGeHHyl TpeBory
BbI3bIBAJl POCT YMCNa 3aperucTpUpoBaAHHbIX CJIy4YaeB
BbifaBNneHus Acinetobacter spp. (B cTpaHax EC/E33 B
OCHOBHOM Komnnekca A. baumannii), BKnw4as u30-
NATbl C YCTOMYMBOCTbIO K KapbaneHemam. M3 Bcex
naToreHoB, noanexawmx 3nugHaasopy B EARS-Net,
Acinetobacter spp. BTOpOil roj noapsaj AEMOHCTPUPO-
Ba/l HanMbONbLIMIA KONMYECTBEHHbI pocT. CTpaHbl, B
KOTOPbIX B 2020—2021 IT. KONMYECTBO Cly4YaeB UHPeK-
uun, BbI3BaHHON Acinetobacter spp., 3HauUTenbHO
YBENYNIOCH, TAKKE COOBLMAN O BbICOKON NPOLEHTHOM
[0/e yCTOMYMBBLIX K MPOTMBOMUKPOGHBIM npenaparam
Acinetobacter spp. B roabl, HENoCPeACTBEHHO Npejlle-
cTeytowme naHgemun COVID-19. U HaobopoT, cTpaHbl,
KOTOpbl€ 0 2020 I. He co06Wanm o 60NbIWOM Konuye-
CTBe TaKMX C/ly4YaeB WA BbICOKUX MPOLEHTHBIX JONAX
YIM, nmenun B 2021 r. camble HU3KME NMOKa3aTenu, 0THO-
cAlMecs K KONMYecTBy C/ly4yaeB U NPOLEHTHbIM JONAM
YMN. B cTpaHax, rae B 2020-2021 IT. YUCAO 3aperu-
CTPUPOBAHHbIX C/ly4yaeB BO3POCNO, 6ONbLWNHCTBO BHOBb
BbIAB/IEHHbIX C/ly4yaeB HabNoganocb Cpeau nNauueH-
T0B OPUT. BONbWHUHCTBO NOMYYEHHbIX Y HUX U30NATOB
OblM ycTOMYMBLI K KapbaneHemam, TO ecTb rpynne
aHTUOUOTUKOB, WMWPOKO MCMNONb3yeMblX ANA 3MOUPU-
YeCKoro fieyeHuss MHbeKUnid, CBA3aHHbIX C OKa3aHuem
MeAUUMHCKOR nomouwwm [21]. B nepuop 2020-2022 rT.
yacto coobuwanocb, uyto Acinetobacter spp. ABNA-
eTca Haubonee pacnpocTpaHeHHOM npUYnHoOM
6aKTepuanbHOi KOMHMEKLUM Y TOCIUTANN3NPOBAHHBIX
naymeHtoB ¢ COVID-19, ocobeHHO y nauyneHToB OPUT,
Bbi3biBaA B EBpone, CeBepHoi Amepuke © Ha
BnuxHem BocTOKe KNnoHanbHble BCMbIWKW C BbICOKUMU
noKasaTeNiMU IeTaNbHOCTMU, YACTO CBA3AHHbIMU C MHO-
KECTBEHHOW N1eKapCTBEHHOW YCTOMYMBOCTbIO [22-25].
XOTA MPUYMHLI NOBbIWEHNA Ynucna MHBEKLMIA, BbI3BaH-
HbiX Acinetobacter spp., Bo MHorux crtpaHax EC/E33,
TpebyloT JanbHeillero W3yyeHUs, OHU, BEPOATHO,
HanpsMylo CBA3aHbl C U3MEHEHUAMU B cUCTeMe 3jpa-
BOOXpaHeHWA u3-3a naHaemuu. Acinetobacter spp. v, B
YaCTHOCTU, WTAMMbl C MHOXECTBEHHOW IeKapCTBEHHOA
YyCTONYMBOCTbIO, KAaK W3BECTHO, TPYAHO WMCKOPEHUTb B
60NbHUYHOI Cpee Noc/ie TOro, Kak OHU NOABUANCE., OHY
BbIKMBAIOT HA CYXMX MOBEPXHOCTAX, NIEFKO 3arpA3HAT
PYKN MeAUUUHCKUX PaboOTHWKOB U pacnpoCTpaHATCA
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6eccMnTOMHbIMU HOCUTenaMU [22]. YuuTbiBas Gecnpe-
LeeHTHbI NOTOK nauueHToB B OPUT B cTpaHax EC/E33
B 2020-2021 IT., Aaxe B 60/MbHMULAX, KOTOPble CTPOro
n pobpocoBecTHO mpumeHanu metoabl MUUK, Bce ke
mornu umetb mecto HapyweHua MUUK, poctatoyHbie
ana nepepauum Acinetobacter spp. [11]. 3To yKa3sbiBaer
Ha HeobX0AMMOCTb creuuanbHbiXx mMep no Gopbbe ¢
Acinetobacter spp. B 3aTpoHyTbIX UHbeKuuamu 60b-
Huuax [26]. EARS-Net npogomkut coobuatb AaHHbIE O
eXerofAHom 3apaxeHuu Acinetobacter spp. B 6nuxai-
e «nocTtnaHgemuyeckue» rofbl, 4toObl 06nerynTh
OLEHKY TeHJeHUWA B OTHOLIEHWUU 3TOT0 OTHOCUTENbHO
YyCTONYMBOTrO 6ONBLHUYHOTO 3arpsA3HUTEN .

YyutbiBas 4acTtoTy MCNONb30BaHMA annapaToB WMCKYC-
CTBEHHOW BEHTUNALUU NIETKUX Y TOCNUTANN3NPOBAHHbIX
nauueHtoB ¢ COVID-19, a Takxe TOT (paKT, YTO UCTOY-
HUKOM P. aeruginosa 4acTo ABNAETCA OKpyKawowas
cpefa, MOXHO 6blN0 0XUAATb, YTO TEHAEHLUUU B OTHO-
WweHUn cnyyaeB UHGeEKUNUU, Bbi3BaHHbIX P. aeruginosa,
O6yayT cnefoBaTb TeHAEHUMAM, Habnwogaembim ANs
Acinetobacter spp.; 0fHaKO OHM OCTaNNCb OTHOCUTENbHO
HeU3MEHHbIMU. ITO MOXET YaCTUYHO OOBLACHATHCA
akTopamu, CBA3@aHHbIMW C NaHgemuen, Hanpumep,
M3MEHEHUEM NPOAOIKUTENbHOCTU NpebbiBaHMA B 60/b-
HULe N yCuNeHnem 3alnTbl NaLNeHTOB, NOABEPKEHHbIX
pucky kak COVID-19, Tak u wuHdeKuMn, BbI3BAHHOW
P. aeruginosa, B 4aCTHOCTMW, NALUEHTOB C MyKOBUCLMAO-
30M. B 10 e Bpema ECDC He npoBoAMT 3nuAHaA30p 3a
3a601€BaeMoCTbl0 MHEBMOHMENR U UHDEKLUAMU HUKHUX
AblxaTeNbHbIX NyTel, KoTopble B cnyyae P. aeruginosa
ABNATCA WCTOYHUKOM B TpU pasa Gonblwero uyucna
MHhEKUNiA, CBA3AHHbIX C OKa3aHWeM MeJULUHCKOW
nomouwwu [27].

Ona S. pneumoniae CHWXeHMe 4Yucna ciyvyaeB MHpEK-
umu, Habniopaslieecs B 2020 ., NPOAOMIKMNOCL B
2021 . 1 6bIN0 XapaKTEPHO AN BCEX U30MATOB, B TOM
yncie yCTOMYMBLIX K NPOTUBOMUKPOGHbLIM Npenapartam,
0XBaYeHHbIM 3NUAHAL30POM. ITO MOXKET ObITb CBA3AHO
CO CHMXeHMem (AKTOPOB pUCKa TaKUMX MHOEKUMA BO
Bpems BosiH naHaemun COVID-19 (Hanpumep, CHUMKEHME
4acToTbl MEXJ/IMYHOCTHbIX KOHTAaKTOB U 3aboneBaemo-
CTW TPUMNOM, a TaKXe Ha3Ha4yeHWui aHTUOUOTUKOB W,
BO3MOXHO, 60/ee HU3KasA 4acToTa NMOCEBOB KPOBU Npu
BHE6ONbHNYHbIX MH(eKLUaX) [3, 28].

CucTema MOHUTOPUHTA nokasatenei Llenein B o6nactu
yctonymoro passutua OOH BkawyaeT ABa NokKasa-
Tena YMNM: MOHUTOPUHI NPOUEHTHOW AONM MHDEKUNi
KPOBOTOKA, Bbl3BAHHbIX YCTOMYMUBBLIMU K METULUANUHY
S. aureus (MRSA) v ycTonumBbIMU K LedanocnopmHam
TpeTbero nokoneuus E. coli, y naumeHtoB, obpala-
IOWNXCA 3@ MEAMLMHCKON MOMOLbI0O M MpOLWeAwnx
TecTupoBaHue obpasuoB Kposu [29]. Cpean naboparo-
puii B cTpaHax EC/EJ3, KoTopble MOCTOAHHO co06LWanm
JaHHble B TeyeHMe 2017-2021 T[T., NPOLEHT YCTOW-
ynBoCTM 06OMX naTtoreHoB cHusunaca [9]. Cpeawn
nabopartopuii, KoTopble NOCTOAHHO CO06WANM AaHHble
3a KaX/Ablii ro B Te4eHUe 2017—-2021 IT., TEHAEHUUA K
CHUXEHUID eXerogHoro Konuyectsa m3onatoB MRSA,
3a(MKCMpPOBAHHAA B 2019—2020 [T., HECKONbKO
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M3MEHUNACb Ha MPOTMBOMOJIOXKHYI B 2020-2021 IT.
OAHAKO TeHAEHUMUS K CHUXEHUID A0NW YCTOWYMBBIX K
uecdanocnopuHam 3-ro nokosneHus wusonatos E. coli
coxpaHunacb [9]. B EC/E33 3T TeHAEHUUU TaKKe
Habnwoganucb ANA AaHHbBIX NO CpeAHeB3BELIEHHbIM
N0 YUCNEHHOCTM HACeNeHUs MNPOLEHTHbIM JONAM
VNN s uenom (CoegmHeHHoe KoposnieBCTBO He BKJIO-
yeHo). CTOMT OTMETUTb, YTO MPOLEHTHbIE MOKasartenu
YNMN cywecTBeHHO pasnuyalTca Mo CcTpaHam, 4TO
no3BoNsAeT MNpPeanoNoXWUTb Hanauyme JAONONHUTENb-
HbIX BO3MOXHOCTEN ANSA WX CHUXeHuUsA. B yacTHocTw,
[0 2020 T. €XEerofHoe CHUXeHWe J0NUN YCTOMNYMBLIX K
METULMNNMHY WTAMMOB S. aureus 06bACHANOCb OTHO-
CUTENbHO GOJMBIWMM U NPOAOIKAILWMMCA POCTOM Yncna
3aperncTpupoBaHHbIX MHBEKLMIA, BbI3BAHHbIX METUL M-
NINH-YYBCTBUTENbHbIMK WITaMMamu S. aureus (MSSA);
npyu 3TOM e€XerogHoe 4uMcno MHGEeKUWidt, BbI3BAHHbIX
MRSA, ocTaBanocb OTHOCUTENbHO CTAabUAbHbIM [30].

Mpn vHTepnpetauun paHHbix EARS-Net BayHO yuuTbl-
BaTb CTPYKTYPY KOHKPETHOW CMCTeMbl 3nnaHag3opa, B
TOM 4yucne GonblwMe pasnnyYnsa B HaLMOHANbHbIX NOKa-
3aTenAx UccnefoBaHWA reMOKYNbTYp U nMpoucxojaline
CO BpeMeHeM MW3MeHeHuUA B CMCTemax 3NuAHaz3o0pa.
OrpaHuyeHune EARS-Net, 3akntoyatolieecs B TOM, 4ToObl,
HayMHaAa Cc 2019 . U B JaNbHellWwem, paccmaTpuBaTb
TO/IbKO AaHHble, NONyYEHHbIe C NCNOJIb30BAaHNEM MOrpa-
HUYHbIX 3HayeHun u metogonorum EUCAST, ponxkHo
B [AONrOCPOYHON MNEepCneKkTUBe yNyylWUTb Ka4yecTBo U
COMOCTaBMMOCTb JaHHbIXx. OAHaKo B 2019 I. 3TO Npu-
BE/0 K TOMY, YTO 4uMcio NabopaTopuii-yyacTHUKOB B
pAafe cTpaH cokpatunocb. Kpome Toro, cucrematuue-
CKOI OLEeHKN XapaKTepuCTuK u npoueHtHou gonu YIIN B
naboparopusax EC/E33, KoTopble He CO06WAIT AaHHbIE
B EARS-Net, He nposogunocb. B utore, 7 n3 29 ctpaH
npeAcTaBuUAN aHHble C 0XBATOM MeHee 50% HaceneHus.
Takum e obpasom nabopatopuu, KoTopble, KaK Oblio
YyCTaHOBNEHO, co06Wany faHHble B Te4eHUe 5 NeT noa-
pAA, TaKKe MOTYT OblTb HETUMUYHBIMU MO CPABHEHUIO
C Apyrumun nabopatopusmu 3Toi e cTpaHbl. HakoHew,
KaK 0TMeyanochb Bbllle, HA TEHAEHUUN U3MEHEHUs Npo-
LueHTHbIX gonein YIIN BAMAIT U3MEeHeHUA Kak B cucTemax
anujHaj3opa B CTpaHax, Tak u B camoi cetu EARS-
Net. Hanpumep, 60onee HU3KMIN NPOLEHT YCTOWYUBOCTM
P. aeruginosa K aMMHOTNMKO3MAAM, 3apPerncTpMpoBaH-
HbI/l B 2020 1 2021 TT., OTPaXkaeT 0GHOB/IEHNE NPOTOKONA
otyeTHoCcTU EARS-Net ana paHHbIX 3a 2020 . To ecCTb,
aHanu3 AaHHbIX C 2020 T. BK/OYAeT TONbKO pe3ynbTathl
TeCTOB Ha YYBCTBUTENIbHOCTb K TOOpaMULMHY, TOTAA KakK
B nMpejblAyline roabl yYNTbiBANNCh pe3ynbTaThbl onpeje-
NEHNSA YYBCTBUTENBHOCTU K TOOPaMULMHY, HETUIMULUHY
1 reHTamuumHy. HecmoTps Ha 3TU OrpaHnUYeHuns, aHanms
AaHHbIX 3nuaHag3opa EARS-Net Ha yposHe EC/E33,
CKOpee BCero, ABNAETCA TOYHbIM OTpaxkeHuem obuiei
cutyaumm ¢ Y B 3Tom pernmoHe.

Nanaemuna COVID-19 npuBena K NoABAEHUIO pAfa HOBO-
BBeJleHU, KoTopble nomoryT EC npoTMBOCTOATL yrpo3am
MHGEKUNOHHbIX 3aboneBaHuii, Bkaovasa YN, a Takke
aKTUBM3UpPOBATbL AeNCcTBMA B 061acT 34paBoOXpaHe-
HUsA 1 6e30MacHOCTM 340p0OBbA B paMmKkax EBponeickoro
coto3a 37paBooxpaHeHus [31]. EBponeickuit coto3

3/jpaBooxpaHeHus obGnajaer WUPOKUMU MONHOMOYM-
AMUW B OTHOWeHUN featenbHoctn ECDC n EBponeiickoro
areHTCTBa NleKapcTBeHHbIX cpeacts (EMA), co3gaHus
EBponeiickoro opraHa no ob6ecneyeHunio roTOBHOCTU U
pearnpoBaHuWi Ha uYpe3BblYaillHble cMTyauuum B obna-
ctn 3ppaBooxpaHeHnsa (HERA) u pa3paboTKM HOBOrO
PernameHTa 0 cepbe3HbIX TPaAHCrPaHWYHbIX yrposax
ANA 340p0BbA. 3HaYMTENbHO 6ONbWKI BLAXKET AOCTY-
neH B pamkax nporpammbl EUgHealth (5,3 mnpg eBpo
Ha Nepuoj 2021-2027 IT.), KOTOpas ABNAETCA OAHUM U3
OCHOBHbIX MHCTPYMeHTOB EBponeickoro cot3a 3apaBo-
OXPaHEeHMsA, OTHOCAWMMCA K Boslee WMPOKUM 06nacTam
MONUTUKN U BKAOYAOWMM Mepbl o 6opbbe ¢ Y.

OtmenuBwnin npeabiayuee PeweHne (1082/2013/EC)
HoBbli  PernameHT EBponeiickoro [lapnameHta u
Coseta EC 0 cepbe3HbIX TpaHCrpaHUYHbIX yrpo3ax AnA
3[0pOBbsA, MPUHATbIA 24 OKTAGpA 2022 1. [32], npe-
[OCTaB/isieT NepecMOTPEHHY HOPMATUBHyl 6asy Aans
obecneyeHns rOTOBHOCTU, MPOBEAEHUA 3NuAHaA30pa,
OLEHKN PUCKOB, PaHHEero npeaynpexaeHus u pearu-
poBaHusa Ha ypoBHe EC n rocysapcts-uneHoB B ciyvyae
61ONOTrMYECKNX, XMMUYECKUX, IKONOTUYECKUX UK APYTUX
TPAHCIPaHUYHbIXYTPO3 ANnA340poBbA[33]. HoBble anemeHTbI
BK/KOYAOT pa3paboTKy nnaHa obecneyeHWs rOTOBHOCTM
EC, cuctemy perynspHoil OLEHKM HauUWOHaNbHbIX nna-
HOB U YKpenneHue B3aMMOAENCTBUA rOCYAAPCTB-YNeHOB
B pamKax pestenbHoctu Komuteta no 6GesonacHocTu
3/,paBOOXpaHeHUs. [Ina NOAAEPHKKM HALMOHANbHBIX pede-
peHc-naboparopuii B rocyaapcrBax-uneHax PernameHTt
Takke npegycmaTpuBaeT co3faHue pedepeHc-nabopa-
Topun EC, koopamHupyembix ECDC n coTpyaHMYamLWmx
¢ pectepeHnc-naboparopusmu BcemupHoi opraHusauum
3ppaBooxpaHenus (BO3). PedepeHc-naboparopun EC
O6yayT noaaepXuBaTb WCNONb30BaHME COMOCTABUMBbIX
METOA0B perucTpauum 3a6oneBaHuii U 0TYETHOCTb B rOCY-
fAapcTBaxyneHax, npoABUras UCnonb3oBaHne Haanexalymx
NpPaKTMK W [0GPOBONLHOTO COMMACOBAHUA [MAarHOCTU-
yeckux metogonornin. C 37O ULENbi0 AeATEeNbHOCTb CEeTU
pedepeHc-naboparopuii MoxeT GbiTb paclMpeHa, 0xBa-
TbiBas pasfnyHble HanpaBneHus pedepeHc-4UarHoCTuKu,
BK/lOYaAOLMe MOAJEPIKKY pearvpoBaHWA Ha BCMbIWKMY,
npefocTaBieHne 3TaNOHHbIX MaTepuanoB, BHELHIOW
OLEHKY KayecTBa UM obyuyeHue, HayuHble KOHCYyNbTaLuw,
COTPYAHUYECTBO M UCCNEA0BaHMA.

MocneacTBuA Ans o6ULECTBEHHOO
34paBoOXpaHeHua

[eiicTBus 06LecTBEHHOro 34paBooxpaHeHus no Gopbbe
c YMN B EC/E33 ocTatoTca HeA0CTAaTOYHO 3P EKTUBHBIMY,
HeCMoTps Ha BO3POCLUY0 0CBeaoMIeHHOCTb 06 YNNI Kak
yrpo3e 06leCcTBEHHOMY 3[0POBbl0 U HanW4Me OCHOBAH-
HbIX Ha (haKTUYECKMUX AaHHbIX pekomeHaaumin no MUNK,
pauMoHaNbHOMY MCMOMb30BAHUIO MPOTUBOMUKPOBHBIX
npenaparoB U CO34aHNI0 HEOOXOAUMOro noTeHymana ans
MUKpPOBMONOrnYecKux uccnegoBaHuii. Ecnu npasutens-
cTBa Gonee pewnTenbHO He oTpearupyroT Ha yrpo3y YN,
3Ta npobnema 6yaer CTaHOBUTLCA NpeaMeTom Bce 60/b-
wero 6ecrnokoicta. OUEHKM, OCHOBAHHbIE HA AAHHbIX
EARS-Net, nokasbiBatoT, 4to B 2020 r. B EC/E33 Gonee
800000 cnyyaes MH(eKUMA ObinM BbI3BaHbI GaKTepuaAMHU,
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YCTOMYMBLIMU K aHTUOMOTMKAM, M 4To cmepTb Gonee
35000 YenoBeK Obifa NPAMbIM CNEACTBUEM 3TUX UH EK-
umin [20]. Mo cpaBHEHUIO C NEPUOOM A0 2020 . B TEYEHUE
nepsbix 2 net naHgemuun COVID-19 (2020—-2021 rT.) HabA0-
Janocb 0COOEHHO pe3Koe yBenMuYeHWe uvucna cnyvaes
UH(EeKUn, BbI3BaHHbIX Acinetobacter spp., YCTOMYMBbIX
K Kap6aneHemam. 3T0 MPOMCXOAUIO rMaBHbIM 06pasom
B CTpaHax, rae v A0 NaHAEMUU PerncTpmpoBancs OTHO-
CUTENIbHO BbICOKUI MNPOLEHT Cly4YaeB YCTOMYUBOCTU K
3TOM rpynne aHTM6UOTUKOB. Acinetobacter spp., B Tom
yucne ycToiuMBbIe K KapbaneHeMam U30NATbl, BbI3bIBAIOT
BCMbIWKM, U 3T MHMEKUMM TPYAHO WCKOPEHUTb, Koraa
OHU CTAHOBATCA 3HAEMUYHbIMW. YuuTbiBas 3TO, BMOJHE
BEPOATHO, 4To B 2022 . B EC/EJ3 pocT pacnpocTpaHeH-
HOCTW YCTOMYMBLIX K KapbaneHemam Acinetobacter spp.
npofomkuTca. BapuaHTbl obecneyeHUs rOTOBHOCTU K
BCMbIWKaM, WX NpefoTBpaLieHns u 60pbObl ¢ HUMU, ONK-
caHHble B ony6nmkoBaHHom ECDC goKymeHTe no GbICTpoii
oueHke pucka — «Carbapenem-resistant Acinetobacter
baumannii in healthcare settings — 8 December 2016»
[YcToitunBble k kapbaneHemam Acinetobacter baumannii
B MEAMUMHCKUX yuypexpaeHuax — 8 pekabps 2016 r.,
ocTaTcsA B cune ans 60NbHUL U HaLMOHANbHbIX OPraHOB
Bnactu B ctpaHax EC/EJ3 [26, 34].

Ona 60pbObl ¢ YMM Heo6xoaUMbl CPOYHbie AOMONHU-
TeNlbHble WHBECTULUM B MEpPONpuUATAS O0OLLECTBEHHOrO
34paBOOXpaHeHNA. JTO B 3HAYUTENbHON Mepe MONOXM-
TeNbHO MOB/MMAET HA 340POBbE HaceseHus u Gyayume
pacxoabl Ha 3apaBooxpaHeHnue B EC/E33. MoacumtaHo,
4YTO WCNONb30BaHME KOMMIEKCHOrO MNakeTa BMeLla-
TENbCTB, BKJOYAMLWEIO YCUIEHHblEe TUTMEHUYECKUue
MeponpuATAA, NPOrpamMmmbl PaLMOHANbHOrO UCMOMb30-
BaHUA aHTMOMOTMKOB, KamnaHuun B CMU u npumeHeHune
ObICTPLIX 4MATHOCTUYECKMUX TECTOB, NOTEHUMANBHO MO0
6bl NpefoTBpaTUTL B cTpaHax EC/E33 oKono 27000 cmep-
Ten exerogHo. MOMMMO cnaceHuAa XuU3Hen, TaKoW nakert
BMeLIaTeNbCTB 00LeCTBEHHOrO 3paBOOXPAHEHNS MOMKET
oKkynuTbcs B EC/E33 BCero 3a roa 1 no3BOAUT CIKOHOMUTb
B roj, OKONO 1,4 MApA eBpo [35].
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1. Antimicrobial
resistance — main facts
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Antimicrobial resistance

Antimicrobial resistance (AMR) is the ability of a microor-
ganism to resist the action of one or more antimicrobial
agents. The consequences of AMR can be severe, and
prompt treatment with effective antimicrobials is the
most effective way of reducing the risk of poor out-
come from serious infections. AMR is one of the biggest
threats to public health today, both globally [1] and in
the WHO European Region [2,3], leading to mounting
healthcare costs, treatment failure and death [4,5].

AMR can occur in different types of microorganisms,
including fungi, parasites, viruses and bacteria. This
report focuses on AMR in eight common bacterial patho-
gens of significant public health importance in Europe.

Acquired resistance in bacteria is caused by mutations
in chromosomal genes or acquisition of exogenous
resistance genes carried by mobile genetic elements
that can spread horizontally between bacteria. Bacteria
can acquire multiple resistance mechanisms and hence
become resistant to several antimicrobial agents. This
is particularly problematic as it may severely limit the
treatment alternatives available for the infection.

The major drivers behind the occurrence and spread of
AMR are the use of antimicrobial agents and transmis-
sion of antimicrobial-resistant microorganisms between
humans, between animals and between humans, ani-
mals and the environment. While antimicrobial use
exerts ecological pressure on bacteria and contributes
to the emergence and selection of AMR, poor infection
prevention and control (IPC) practices favour the fur-
ther spread of these bacteria. Prudent antimicrobial use
and high standards of IPC in all healthcare settings are
therefore the cornerstones of an effective response to
AMR.

Surveillance of AMR in Europe

The problem of AMR calls for concerted efforts at local
and national levels, and for close international coop-
eration. Surveillance data provide a basis for taking
action to control AMR and the importance of data is
highlighted in both the WHO European Strategic Action
Plan on Antibiotic Resistance for the period 2011-2020
(document EUR/RC61/14, which was adopted by the
WHO Regional Committee for Europe at its 61st session
in resolution EUR/RC61/R6) [2,3] and the European One
Health Action Plan against Antimicrobial Resistance
[6]. Surveillance of AMR is listed as a special health
issue in the Regulation (EU) 2022/2371 of the European
Parliament and of the Council of 23 November 2022 on
serious cross-border threats to health [7].

The main international AMR surveillance mecha-
nisms in the WHO European Region are the European
Antimicrobial Resistance Surveillance Network (EARS-
Net) and the Central Asian and European Surveillance of
Antimicrobial Resistance (CAESAR) network. EARS-Net
collects data from countries within the European Union

and European Economic Area (EU/EEA), while CAESAR
collects data from countries within the WHO European
Region that are not included in EARS-Net. Through close
collaboration and by using compatible methodologies,
the two surveillance networks complement one another,
contributing to a pan-European overview of the AMR
situation.

Facilitated by the WHO Regional Office for Europe and
the WHO Collaborating Centre for AMR Epidemiology
and Surveillance at the National Institute for Public
Health and the Environment (RIVM) in the Netherlands,
European data from EARS-Net and CAESAR are also
reported to the WHO Global Antimicrobial Resistance
Surveillance System (GLASS) [8] to support the WHO
Global Action Plan on Antimicrobial Resistance [1].
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AMR surveillance networks in
Europe

EARS-Net

EARS-Net is coordinated by the European Centre for
Disease Prevention and Control (ECDC) with the aim of
collecting, analysing and reporting data on AMR through
a network of national surveillance systems across
EU/EEA countries and, as defined in the EARS-Net pro-
tocol [1], facilitating action to address AMR.

EARS-Net is based on a network of representatives
(ECDC national focal points for AMR, and operational
contact points for epidemiology, microbiology and The
European Surveillance System (TESSy)/IT data manager
interaction for diseases caused by antimicrobial-resist-
ant microorganisms) from EU/EEA countries that
collect routine clinical antimicrobial susceptibility test
(AST) data from national AMR surveillance initiatives.
Participating institutions are listed in Annex 1. Scientific
guidance and support is provided by the EARS-Net
Disease Network Coordination Committee, which is
composed of experts elected from the nominated ECDC
national focal points and operational contact points,
complemented by observers from organisations involved
in AMR surveillance. EARS-Net activities are coordinated
in close collaboration with two other ECDC surveillance
networks: the European Surveillance of Antimicrobial
Consumption Network (ESAC-Net) and the Healthcare-
Associated Infections Surveillance Network (HAI-Net).
EARS-Net also collaborates with the European Society of
Clinical Microbiology and Infectious Diseases (ESCMID)
and with the European Committee on Antimicrobial
Susceptibility Testing (EUCAST), which is supported by
ECDC and ESCMID.

In 2021, all EU Member States and two EEA countries
(Iceland and Norway) participated in EARS-Net. The
number of participating laboratories has increased con-
tinuously since the initiation of the network, indicating a
strengthening of national AMR surveillance systems in the
EU/EEA. The laboratories that participate in the annual
EARS-Net external quality assessment (EQA) exercise con-
tribute to improved data quality and an increasing ability
of EU/EEA countries to report comparable AMR data [2].
However, the number of laboratories invited to participate
in the 2021 EARS-Net EQA may not fully reflect the number
of laboratories that provided EARS-Net data for 2021. The
results from the EARS-Net EQA for 2021 have been pub-
lished in a separate report [2].

CAESAR

The CAESAR network was founded in 2012 as a collab-
orative effort by the WHO Regional Office for Europe,
the WHO Collaborating Centre for AMR Epidemiology
and Surveillance at RIVM and ESCMID. These institu-
tions participate directly in the activities of the network
by having two or three of their experts in the CAESAR
coordination group. The goal of the CAESAR network is

to assist countries in the WHO European Region (exclud-
ing EU/EEA) in setting up or strengthening national
AMR surveillance. The CAESAR manual [3] describes the
objectives, methods and organisation of the CAESAR
network.

As of 2022, 21 countries are engaged in the CAESAR
network - Albania, Armenia, Azerbaijan, Belarus,
Bosnia and Herzegovina, Georgia, Kazakhstan, Kosovo3,
Kyrgyzstan, Moldova, Montenegro, North Macedonia,
Russia, Serbia, Switzerland, Tajikistan, Tiirkiye,
Turkmenistan, the United Kingdom, Ukraine and
Uzbekistan. The number of countries reporting data to
CAESAR increased from five in 2013 to 16 in 2021.

The CAESAR network continuously strives to support the
establishment of AMR surveillance networks and helps
to improve the quality of laboratory test results, manage
data, and analyse and report data from existing sur-
veillance networks. The technical assistance provided
is tailored to the development phase and the specific
needs of each surveillance system. In countries with
officially established surveillance systems, emphasis is
placed on harmonising laboratory methods and stream-
lining data management. In those countries where AST is
routinely performed in clinical settings but the data are
not yet collected at aggregate level, emphasis is placed
on setting up a surveillance network and standardising
data collection in parallel with the harmonisation of lab-
oratory methods. Finally, in countries that under-utilise
bacteriological laboratory diagnostics, the focus is on
building laboratory capacity and diagnostic steward-
ship through the implementation of proof-of-principle
projects [4].

Methodology

Antimicrobial susceptibility data

Every year, countries report routine AST results collected
from one or more medical microbiology laboratories
to ECDC (EARS-Net) and the WHO Regional Office for
Europe (CAESAR), as applicable. If it is not possible to
include data from all the relevant laboratories, coun-
tries can report data from sentinel laboratories. The
AMR surveillance for both networks focuses on inva-
sive isolates of eight key bacterial species (Escherichia
coli, Klebsiella pneumoniae, Pseudomonas aer-
uginosa,  Acinetobacter  species, Streptococcus
pneumoniae, Staphylococcus aureus, Enterococcus fae-
calis and Enterococcus faecium). CAESAR also collects
AST data from invasive isolates of Salmonella species,
while Salmonella spp. are covered separately in EU/EEA
countries through the ECDC Food- and Waterborne
Disease Network [5]. Other notifiable diseases caused
by microorganisms with AMR, such as Mycobacterium
tuberculosis, are also monitored by the WHO Regional

3 This designation is without prejudice to positions on status, and is in
line with UN Security Council Resolution 1244 and the International
Court of Justice Opinion on the Kosovo Declaration of Independence.
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Office for Europe and ECDC but are not included in
CAESAR and EARS-Net.

EARS-Net collects AMR data from EU/EEA countries
through TESSy, a web-based platform for data submis-
sion and storage hosted by ECDC [6]. CAESAR collects
data from WHO European Region countries (excluding
EU/EEA) through various secure data-transfer chan-
nels. For detailed information on data collection, refer
to the EARS-Net reporting protocol [1] and the CAESAR
manual [3].

Only data from invasive (blood and cerebrospinal
fluid) isolates are included in EARS-Net and CAESAR.
This restriction aims to reduce the impact of differ-
ent sampling frames which, to some extent, hamper
data interpretation. Any bacterial isolate of the species
under surveillance found in a sample taken from a nor-
mally sterile body fluid may be considered a pathogen.
However, including routine, non-invasive isolates may
produce incomparable results for surveillance purposes
because the processing of such samples is heavily influ-
enced by clinical interpretation, and diagnostic and
treatment guidelines, which vary between countries.
Historically, EARS-Net accepted data on isolates from
both specimen types for E. coli, K. pneumoniae, P. aer-
uginosa, Acinetobacter spp. and S. pneumoniae, but
only isolates from blood for S. aureus, E. faecalis and
E. faecium. To harmonise data collection between the
networks, EARS-Net includes data from both specimen
types for all bacterial species under surveillance, start-
ing with 2019 data.

Starting with the data collected for 2019, EARS-Net has
only accepted data generated using EUCAST clinical
breakpoints and methodology [7]. Before this, the use of
EUCAST breakpoints was encouraged, but results based
on other interpretive criteria used by reporting countries
were also accepted for analysis. CAESAR encourages
the use of EUCAST methodology and breakpoints,
but accepts data based on other clinical breakpoint
guidelines.

From 2020 onwards, EUCAST clinical breakpoints for
aminoglycosides indicate isolates with and without
acquired resistance mechanisms in systemic infections
caused by E. coli, K. pneumoniae, P. aeruginosa and
Acinetobacter spp., but explicitly note that for these
types of infection aminoglycosides should be used in
combination with other active therapy.

Correction and re-uploading of historical data by report-
ing countries is possible. The latest published report
therefore supersedes previous reports and reflects the
most recent available data. This report is based on data
reported to EARS-Net for the period 2017-2021 and
retrieved from TESSy on 13 September 2022, as well as
data reported to CAESAR for the period 2017-2021, as of
12 September 2022.

Data analysis

Before data analysis, data are de-duplicated to include
only the first isolate per patient, year and bacterial
species.

Susceptibility test categories

For the analysis, the qualitative susceptibility cat-
egories — S (susceptible, standard dosing regimen),
| (susceptible, increased exposure) and R (resistant)
- are used, as reported by the laboratory, since quan-
titative susceptibility information is missing for a large
part of the data. For laboratories in the CAESAR net-
work using an AST guideline other than EUCAST, the
reported qualitative susceptibility categories (S/I/R)
have been treated the same way as the susceptibility
categories defined by EUCAST, even though these have
different microbiological or clinical implications. An iso-
late is considered resistant to an antimicrobial agent
when tested and interpreted as R in accordance with
the clinical breakpoint criteria used by the local labo-
ratory. For P. aeruginosa, E. coli, K. pneumoniae, and
Acinetobacter spp. and some antimicrobial agent com-
binations presented in this report, EUCAST breakpoints
are available for meningitis versus non-meningitis as of
2021. When possible, EU/EEA countries that generate
the susceptibility category at national level are recom-
mended to use non-meningitis breakpoints overall as
of 2021 data, but EARS-Net accepts data as it is. No
recommendations are currently provided to countries
reporting to CAESAR concerning use of breakpoints, and
CAESAR accepts data as it is. As clinical patient data
are not collected in EARS-Net and CAESAR, there is no
information available regarding which breakpoint was
(likely) used to categorise susceptibility. However, it is
assumed that a minority of infections reported to EARS-
Net and CAESAR stem from meningitis patients, and it
is therefore expected that this does not influence the
results to a large extent. The term ‘penicillin non-wild-
type’ is used in this report for S. pneumoniae, referring
to S. pneumoniae isolates reported by local laborato-
ries as | or R to penicillin, assuming minimum inhibitory
concentrations (MIC) to benzylpenicillin above those of
wild-type isolates (> 0.06 mg/L). Laboratories not using
EUCAST clinical breakpoints may have used different
interpretive criteria for the susceptibility categories.

Percentages

AMR/non-wild-type percentages are presented for a sin-
gle antimicrobial agent and/or group of antimicrobial
agents. The bacterial species—antimicrobial agent com-
binations presented in this report for 2021 are shown in
Table 1. When combining results for antimicrobial agents
representing an antimicrobial group, the outcome is
based on the most resistant result. For example, if the
AST result of a bacterial species for imipenem is | and
the AST result for meropenem is R, then the AST result
for the group carbapenems, which comprises imipenem
and meropenem, is set as R. The definition of combined
AMR is determined as R to at least one antimicrobial
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agent in each of the antimicrobial groups (with the
exception of S. pneumoniae, for which combined AMR is
calculated as combined penicillin non-wild-type and R to
macrolides). Isolates with missing data for one or more
of the required antimicrobial groups are excluded from
the analysis of combined AMR. If fewer than 20 isolates
are reported for a specific bacterial species—antimicro-
bial group combination in a country, the AMR percentage
is not displayed in the maps or tables presented in this
report.

Population-weighted EU/EEA mean percentage

A population-weighted EU/EEA mean percentage is
calculated for each bacterial species—antimicrobial
agent combination, based on data reported by EU/EEA
countries. Country weightings are used to adjust for
imbalances in reporting propensity and population cov-
erage, as in most cases the total number of reported
isolates by country does not reflect the population size.

The population-weighted EU/EEA mean percentage is
determined by multiplying the AMR percentage for each
EU/EEA country with the corresponding national popula-
tion weight based on the total EU/EEA population and
summing up the results. Weights are rescaled if AMR
percentages are not available for one or more countries.
Annual population data are retrieved from the Eurostat
online database [8].

Trend analyses

For EARS-Net, the statistical significance of temporal
trends in AMR percentages by country and for the popu-
lation-weighted EU/EEA (excluding the United Kingdom#)
mean is calculated based on data from the last five
years (2017-2021). EU/EEA countries that did not report
data for all years within the period under considera-
tion, or reported fewer than 20 isolates for the specific

4 Please note that as ECDC collects data from EU/EEA Member States,
2017-2019 data was collected by ECDC from the United Kingdom as
the United Kingdom was still a Member State of the EU at this time.

Table 1 Bacterial species—antimicrobial agent combinations presented in this report for 2021

Bacterial species Antimicrobial group/agent or specific resistance mechanism Antimicrobial agent(s)

Aminopenicillins
Third-generation cephalosporins
E. coli Carbapenems
Fluoroquinolones
Aminoglycosides
Third-generation cephalosporins
Carbapenems
K. pneumoniae .
Fluoroquinolones
Aminoglycosides
Piperacillin-tazobactam
Ceftazidime
P. aeruginosa Carbapenems
Fluoroquinolones
Aminoglycosides
Carbapenems
Acinetobacter spp. Fluoroquinolones
Aminoglycosides
MRSA
S. aureus Fluoroguinolones
Rifampicin
Penicillins
Third-generation cephalosporins
S. pneumoniae .
Fluoroquinolones
Macrolides
E. faecalis High-level aminoglycoside resistance
Aminopenicillins
E. faecium High-level aminoglycoside resistance
Vancomycin

MRSA: meticillin-resistant Staphylococcus aureus.

o

Ampicillin or amoxicillin

Cefotaxime, ceftriaxone or ceftazidime
Imipenem or meropenem
Ciprofloxacin, levofloxacin or ofloxacin
Gentamicin or tobramycin

Cefotaxime, ceftriaxone or ceftazidime
Imipenem or meropenem
Ciprofloxacin, levofloxacin or ofloxacin
Gentamicin or tobramycin
Piperacillin-tazobactam

Ceftazidime

Imipenem or meropenem

Ciprofloxacin or levofloxacin
Tobramycin

Imipenem or meropenem

Ciprofloxacin or levofloxacin
Gentamicin or tobramycin

Cefoxitin or oxacillin®

Ciprofloxacin, levofloxacin or ofloxacin®
Rifampicin

Penicillin or oxacillin®

Cefotaxime or ceftriaxone

Levofloxacin or moxifloxacin®
Azithromycin, clarithromycin or erythromycin
Gentamicin

Ampicillin or amoxicillin

Gentamicin

Vancomycin

For EARS-Net, MRSA is based on AST results for cefoxitin or, if unavailable, oxacillin. AST results reported for cloxacillin, dicloxacillin, flucloxacillin or meticillin are

accepted as a marker for oxacillin resistance if oxacillin is not reported. If no phenotypic results are available, data from molecular confirmation tests (detection of
mecA gene PCR or a positive PBP2A-agglutination test) are accepted as a marker for MRSA. For CAESAR, MRSA is based on cefoxitin or, if unavailable, oxacillin. If
neither were available, data from molecular confirmation tests (detection of mecA gene by PCR or a positive PBP2A-agglutination test) are accepted as a marker for

MRSA.
b

a

Penicillin results are based on penicillin or, if unavailable, oxacillin.

For EARS-Net, AST results for norfloxacin are also accepted if neither ciprofloxacin, levofloxacin nor ofloxacin results are available.

d For EARS-Net, AST results for norfloxacin are also accepted if neither levofloxacin nor moxifloxacin results are available.
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bacterial species—antimicrobial agent/group combina-
tion in any year within the period are not included in
the analysis. The statistical significance of trends is
assessed by a chi-square test for trend, and a p-value of
<0.05 is considered significant. An additional sensitivity
analysis is performed when assessing the significance
of the trends by including only laboratories that continu-
ously reported data for the full five-year period, thereby
minimising bias due to changes in reporting laboratories
over time (by expansion of the surveillance network, for
instance). In some cases, this restriction results in a
considerably lower number of isolates when compared
with the analysis that includes all laboratories.

Like EARS-Net, for CAESAR temporal trends in AMR
percentages by country are calculated based on data
from the last five years (2017-2021). Trends are not
calculated for countries for which AMR data were clas-
sified as low for any of the three representativeness
indicators (geographical representativeness, hospital
representativeness, and isolate representativeness) or
for countries where data were not reported for all years
within the period under consideration. In addition, as
with EARS-Net, trends are not calculated for any specific
bacterial species-antimicrobial agent/group combina-
tions for which fewer than 20 isolates were reported
in any year within the period under consideration.
The statistical significance of trends is assessed by a
chi-square test for trend, and a p-value of < 0.05 is con-
sidered significant.

Coverage and representativeness of population,
hospitals and patients included in EARS-Net/
CAESAR

Data sources

For EARS-Net, data on coverage, blood culture sets and
representativeness are collected via TESSy from 2018
onwards [1], while data for previous years combine
TESSy data with data collected through questionnaires
distributed to the ECDC national focal points for AMR.

For CAESAR, an annual assessment of coverage and rep-
resentativeness is based on information from WHO AMR
focal points. They provide an estimate of the population
coverage for the sites participating in the respective AMR
surveillance network and the geographical and hospital
representativeness of the total population. Data on hos-
pital characteristics and numbers of requested blood
culture sets are collected using standardised question-
naires [3].

Indicators of coverage and representativeness
Population coverage

Population coverage is expressed as the estimated per-
centage of the population in an entire country under
surveillance by the laboratories contributing data to
EARS-Net or CAESAR. For EU/EEA countries, population
coverage refers to the percentage of the country’s popu-
lation covered by laboratories reporting to EARS-Net in
the specific year. This value should be considered as an
indication of the crude population coverage, since the
exact percentage of the population under surveillance
is often difficult to assess due to overlapping hospi-
tal catchment areas and patients seeking care in areas

Table 2 Geographical representativeness, categories and definitions for 2021

High All main geographical regions of the country are covered.
Medium Most geographical regions of the country are covered.
Low Only a few geographical areas of the country are covered.
ND No data available.

Table 3 Hospital representativeness, categories and definitions for 2021

High The hospital selection is representative of the acute care hospital distribution in the country.
Medium The hospital selection is partly representative of the acute care hospital distribution in the country.
Low The hospital selection is poorly representative of the acute care hospital distribution in the country.
ND No data available.

Table 4 Isolate representativeness, categories and definitions for 2021

High The isolate selection is representative of microorganisms causing invasive infections in the hospitals included.
Medium The isolate selection is partly representative of microorganisms causing invasive infections in the hospitals included.
Low The isolate selection is poorly representative of microorganisms causing invasive infections in the hospitals included.
ND No data available.
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where they do not reside. For EARS-Net, the population
coverage is calculated as the mean of the coverage for
the following bacterial species: E. coli, K. pneumoniae,
P. aeruginosa, S. aureus, E. faecalis and E. faecium.
Due to outliers in some countries, S. pneumoniae and
Acinetobacter spp. are not included in the calculation.
For CAESAR, an estimate of the population coverage is
based on the best estimates of the overall catchment
population for the hospitals included in the country
AMR surveillance network, as reported by the respective
WHO AMR focal point.

Geographical representativeness

Geographical representativeness is a qualitative indica-
tor referring to geographical coverage. The categories
for 2021 are listed and described in Table 2. For EARS-
Net the definition was adjusted as of data reported in
2021 [1]. For data reported during the period 2017-2020,
the definition of geographical representativeness can
be found in the report ‘Antimicrobial resistance surveil-
lance in Europe 2022 - 2020 data’ [9].

Hospital representativeness

Hospital representativeness is a qualitative indicator
referring to the representativeness of hospitals served
by the EARS-Net/CAESAR-participating laboratories,
compared to the country distribution of hospital types.
The categories are listed and described in Table 3.

Isolate representativeness

Isolate representativeness is a qualitative indicator
referring to the representativeness of data reported by
EARS-Net/CAESAR laboratories in relation to the micro-
organisms causing invasive infections in the hospitals
included. The categories are listed and described in
Table 4. For EARS-Net the collection of data related to
isolate representativeness was adjusted as of the data
collection in 2022 [1]. For data reported in 2017-2020,
isolate representativeness refers to patient and isolate
representativeness defined in the report ‘Antimicrobial
resistance surveillance in Europe 2022 - 2020 data’ [9].

Blood culture rate

Blood culture rate refers to the number of blood culture
sets taken per 1000 patient-days in hospitals served
by EARS-Net/CAESAR laboratories and sent to these
laboratories. For CAESAR, the definitions of a blood

culture set and patient-day are provided in the CAESAR
manual [3]. Nonetheless for both EARS-Net and CAESAR
the definition of a blood culture set and a patient-day
may differ between and within countries and this may

influence the estimate. For EARS-Net data, blood culture
rates are calculated as the mean of the blood culture
sets divided by the mean total number of patient-days
for hospitals served by laboratories that provided the

number of blood culture sets taken for the following

bacterial species: E. coli, K. pneumoniae, P. aeruginosa,

S. aureus, E. faecalis and E. faecium. Due to outliers

in

some countries, S. pneumoniae and Acinetobacter spp.
are not included in the calculation. The blood culture
rates are presented as the number of blood culture sets

taken per 1000 patient-days in hospitals providing AMR

data to EARS-Net. For CAESAR, blood culture rates are
calculated in a similar manner to EARS-Net, with the
exception that S. pneumoniae and Acinetobacter spp.

are included in the calculation. Furthermore, CAESAR

provides data on the range of the number of blood cul-

ture sets taken per 1000 patient-days across individual

hospitals (in parentheses) in addition to the mean.

Isolates from intensive care units

The percentage of isolates reported from intensive
care units (ICUs) is calculated for each year and each
bacterial species. Isolates with missing information on
hospital department are excluded from the calculation,
and results are only presented if there are 220 isolates,

70% of which have data on hospital department.

Progress indicators for AMR overall
coordination and surveillance

Information on the status of the AMR overall coordina-
tion and surveillance presented in this report originates

from the global tripartite AMR country self-assessme

Table 5 Description of progress indicators of overall coordination on AMR and AMR surveillance

1. WHO AMR focal point appointed by the Ministry of
Health agency

Overall coordination

on AMR Multisectoral and One Health collaboration/coordination

3. AMR action plan developed

4. National surveillance system for AMR in humans

Submits data to a regional network for AMR surveillance,
for the year 2021

6. Participates in a regional EQA scheme, for the year 2021
7. Enrolled in GLASS

AMR surveillance

IPC IPC in human healthcare
Antimicrobial - R .
stewardship 9. Optimising antimicrobial use in human health

The Ministry/agency appoints an AMR focal point to play a leading role in the formation
of an intersectoral coordinating mechanism to contain AMR.

Based on the One Health approach, a multisectoral coordinating mechanism should
be created to contain AMR at national level; this committee ideally should include
representatives of relevant government sectors, local professional associations,
authorities and leading scientific institutions.

A national AMR action plan is the key document, detailing the characteristics and
objectives of the overall national strategy to combat AMR.

Existence of a national surveillance system for identifying patterns and trends of AMR,
generating evidence-based clinical guidelines and recognising emerging pathogens.

Participation in a regional network for AMR surveillance (EARS-Net or CAESAR) for the
year 2021,

Participation in a regional EQA scheme (EARS-Net or CAESAR) for the year 2021.
Participation in GLASS for the monitoring of AMR on a global scale.
Status of development and implementation of the main IPC measures at national level.

Status of development and implementation of policies and guidelines for antimicrobial
stewardship at national level.

nt
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survey (TrACSS), coordinated by WHO, the Food and
Agriculture Organization of the United Nations and the
World Organisation for Animal Health [10]. The survey
aims to provide a comparable and periodic assessment
of country progress on AMR containment activities
in line with the WHO Global Action Plan on AMR. It is
designed to be answered through self-assessment and
consultation among all the relevant sectors involved.
Each country is asked to submit one official response.

The progress indicators selected for this report refer to
four main components of AMR activities: overall coordi-
nation on AMR; AMR surveillance; IPC and antimicrobial
stewardship (Annex 2). A description of the progress
indicators is provided in Table 5. Except for indicators 5,
6 and 7, which are derived from the CAESAR, EARS-Net
and GLASS databases, all other indicators are based on
the results from the sixth round of TrACSS, launched on
9 May 2022 and concluded on 9 September 2022. For the
purposes of presentation in this report, information on
progress indicators 2, 4, 8 and 9 has been recoded by
the WHO Regional Office for Europe using a five-point
scale (poor; fair; good; very good; excellent). The origi-
nal questions and answer categories are reported in
Annex 2 and can be accessed via the publicly-available
TrACSS database [10].
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WHO European Region

This chapter provides an overview of the overall situ-
ation and progress related to AMR surveillance in the
Region. The indicators chosen represent the main pil-
lars of an AMR surveillance system. The information has
mostly been obtained from TrACSS (see Chapter 2). The
results are summarised in Table 6.

Progress on overall AMR coordination
Multisectoraland One Health collaboration/coordination

Overall, the results from the TrACSS survey show that
when it comes to coordination between the human
health sector and the other sectors relevant to AMR —
the animal health, food production and environmental
sectors — the situation in the WHO European Region is
almost evenly split. One group of countries (@about 40%
of respondents) reported having limited or non-existent
mechanisms for intersectoral coordination, while the
other group (about 50%) reported carrying out activities
jointly, or even adopting an integrated approach to the
implementation of the AMR action plan.

National AMR action plan

Among survey respondents, the vast majority 44 (85%)
of the 52 countries in the WHO European Region reported
having developed an AMR national action plan. This
result is encouraging on its own, but of greater impor-
tance is the number who have also begun implementing
an AMR national action plan: 31 (60%) of the 52 countries.
This includes some countries that have a defined moni-
toring and evaluation process in place, and have made
provision for the required financial resources. Some
of those who have developed an AMR action plan have
also begun implementation, with a defined monitoring
and evaluation process in place, and made provision
for the required financial resources. Meanwhile, having
achieved the first milestone of developing or renewing
the action plan, other countries have not been able to
operationalise the objectives. This is one of the main
challenges for the years to come: supporting countries
in the Region to implement the activities included in the
AMR action plan, an effort that requires a clear identi-
fication of the resources available and broad political
support at a higher level.

Progress on surveillance networks and AMR
laboratories

National surveillance system for AMR in humans

Results from the survey showed that about 70% of
respondents have a national AMR surveillance system
for common bacterial infections, with defined standards
and coordination from a national reference laboratory
and, in some cases, a link to the surveillance system for
consumption of antimicrobial medicines. The remaining
30% of respondents reported having a surveillance sys-
tem for AMR in humans but with limited scope, usually

only at local level and lacking national coordination
and quality management. This situation was mainly
reported among CAESAR members, highlighting the fact
that within this network, having a well-functioning and
geographically representative system of AMR surveil-
lance that is able to generate reliable information on
AMR remains a challenge. In the coming years, renewed
efforts and investment will need to be channelled into
this objective.

Participation in a regional EQA scheme

The vast majority of the EARS-Net members (26 (90%)
of 29 countries in 2021) and CAESAR (17 (86%) of 21
countries) took part in the regional EQA scheme during
2021-2022. This is a remarkable achievement that has
been built up over the years through constant support
and guidance. The selection of strains used for the EQA
exercise is standardised to make it compatible with the
epidemiology of the AMR phenotypes of species under
surveillance within EARS-Net and CAESAR. There are
still some obstacles to making the EQA exercise sustain-
able - particularly within the CAESAR network - mainly
related to logistics and national regulations, which
can sometimes restrict the ability to share laboratory
sampling and testing panels internationally. These dif-
ficulties have been exacerbated by the ongoing war in
Ukraine, which is affecting several CAESAR members
and their relations with the international community.

Submitted data to a regional network for AMR
surveillance

For the 2021 round of reporting, all EARS-Net members
submitted AMR data. For CAESAR 16 (76%) of 21 network
members submitted AMR data, which is a small increase
since the last reporting period. This reflects the state of
national surveillance systems. If the surveillance system
for AMR is weak or does not have proper geographical
coverage, it hampers the possibility of sharing reli-
able information on AMR. The vast majority of CAESAR
members who submit their data to the regional network
have a well-established national surveillance network.
Substantial improvements in AMR surveillance have
been achieved within the CAESAR network through the
implementation of laboratory training and the proof-of-
principle AMR routine diagnostics surveillance project.

Enrolment in GLASS

As of August 2022, 32 of the 53 members of the WHO
European Region are also enrolled in GLASS. This con-
stitutes an important step for international collaboration
in reporting and data sharing, and creates opportunities
for countries in the Region to receive global support in
standardising the collection, analysis and sharing of
AMR data. The WHO Regional Office for Europe actively
promotes participation in GLASS and will strive to
increase enrolment in the coming years.
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Progress on IPC programmes and antimicrobial
stewardship

IPC in human healthcare

Among the 52 respondents to TrACSS 2022, six (12%)
reported having no national IPC programme and nine
(17%) reported having IPC and water, sanitation and
hygiene health standards that have not been fully imple-
mented. IPC is the key to avoiding the mass spread of
infectious diseases — as the COVID-19 pandemic dra-
matically demonstrated — and is a central tool in curbing
AMR. In the coming years, increased efforts in the WHO
European Region will be devoted to integrated surveil-
lance that should include IPC as one of its foundational
pillars.

Optimising antimicrobial use in human health

Optimising antimicrobial use refers to coordinated
efforts of antimicrobial stewardship, including proper
diagnostics and appropriate use of antimicrobial drugs;
improved patient outcomes; containment of AMR and
reduced spread of resistant infections. It is a compre-
hensive indicator, and it is encouraging that 37 (71%) out
of 52 respondents to TrACSS 2022 reported the availa-
bility of guidelines for appropriate use of antimicrobials
and implementation of antimicrobial stewardship prac-
tices in some healthcare facilities. At the same time,
there is still much to be done. To exercise real antimi-
crobial stewardship based on evidence-informed local
treatment guidelines, both national and local surveil-
lance data are urgently required — and these can only be
obtained with stronger national surveillance systems.
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Table 6 Global tripartite AMR country self-assessment survey (TrACSS). Overall coordination and surveillance of AMR
in the European Region, 2022
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the ministry of health agency
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Table 6 contd

to a regional network
ance, for the year

Country

the ministry of health agency

collaboration/coordination
scheme, for the year 2021/2

human health

4. National surveillance system for AMR
in humans

1. WHO AMR focal point appointed by
2. Multisectoral and One Health

3. AMR action plan developed

6. Participated in a regional EQA

8. IPCin human healthcare

9. Optimising antimicrobial use in

7. Enrolled in GLASS

I Excellent M ves I Excellent M Excellent M Excellent
M .Very good | No/In .Very good Mo M W .Very good .Very good
Colour code Good progress Good Good Good
M Fair M Fair W Fair M Fair
M roor W roor M roor W roor
WHO European Region (excluding EU/EEA)
Albania | | | | | | | |
Andorra ND | | | NA NA | |
Armenia | | | | | | | |
Azerbaijan | | | | | | | |
Belarus | | | | | | | | |
Hall ND ND ND ND [ ] [ | [ | ND ND
Georgia | [ | | | | |
Israel | | | | NA NA | | |
Kazakhstan [ | | | | | |
Kyrgyzstan | | | | | | |
Moldova | | | | | | | |
Monaco ND | | | NA NA | | |
Montenegro | | ND | | [ | ND [ |
North Macedonia | | | | | | | |
Russia | | | | | | | | |
San Marino | | | | NA NA | | |
Serbia NA NA NA NA NA NA NA NA NA
repacheluding u u u | u m u
Kosovo* NA NA NA NA | | | NA NA
Switzerland | | | | | | | |
Tajikistan | | | | | | | | |
Tiirkiye | | | | | | | | |
Turkmenistan | | | | | | | | |
Ukraine | | | | | | | |
United Kingdom | | | | | | | | |
Uzbekistan | | | | | | | |

Note: European Region comprises the 53 countries of the WHO European Region and Liechtenstein.

NA: not applicable.

ND: No data available

1 This designation is without prejudice to positions on status, and is in line with UN Security Council Resolution 1244 and the International Court of Justice Opinion
on the Kosovo Declaration of Independence.
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Bacterial species-specific results

Epidemiology
Escherichia coli

E. coli is the most common cause of community-
acquired bloodstream infections and urinary tract
infections. In 2021, resistance to fluoroquinolones

generally was lowest in northern and western parts
of the WHO European Region and highest in southern
and eastern parts (Fig.1). An AMR percentage below
10% was observed in two (4%) of 45 countries (Finland
and Norway) reporting data on this microorganism.
Seventeen countries (38%) reported a percentage
of 25% or above. AMR percentages of 50% or above
were observed in four (9%) countries (Cyprus, North
Macedonia, Russia and Tiirkiye).

Fig. 1 Escherichia coli. Percentage of invasive isolates resistant to fluoroquinolones (ciprofloxacin/levofloxacin/

ofloxacin), by country, WHO European Region, 2021
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Note: Data for Serbia and Kosovo (all references to Kosovo in this document should be understood to be in the context of the United Nations Security Council
resolution 1244 (1999)) were combined for this map. Data for the United Kingdom for 2021 includes England, Scotland and Northern Ireland.

Data sources: 2021 data from the Central Asian and European Surveillance of Antimicrobial Resistance (CAESAR, ©WHO 2021. All rights reserved) and 2021 data from
the European Antimicrobial Resistance Surveillance Network (EARS-Net, ©ECDC 2021).

Map production: ©WHO.
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For third-generation cephalosporin resistance in E. coli, above 50% were observed in four (9%) countries (North
12 (27%) of 45 countries reported percentages below Macedonia, Russia, Tiirkiye and Ukraine) (Fig. 2).
10% in 2021, whereas AMR percentages equal to or

Fig. 2 Escherichia coli. Percentage of invasive isolates resistant to third-generation cephalosporins (cefotaxime/
ceftriaxone/ceftazidime), by country, WHO European Region, 2021
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Note: Data for Serbia and Kosovo (all references to Kosovo in this document should be understood to be in the context of the United Nations Security Council
resolution 1244 (1999)) were combined for this map. Data for the United Kingdom for 2021 includes England, Scotland and Northern Ireland.

Data sources: 2021 data from the Central Asian and European Surveillance of Antimicrobial Resistance (CAESAR, ©WHO 2021. All rights reserved) and 2021 data from
the European Antimicrobial Resistance Surveillance Network (EARS—Net, ©ECDC 2021).

Map production: ©WHO.
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The emergence of carbapenem-resistant E. coli is of Ukraine) reported percentages of 1% or above in 2021
serious concern. Eight (18%) of 44 countries (Belarus, (Fig. 3).
Cyprus, Georgia, Greece, Russia, Serbia, Tiirkiye and

Fig. 3 Escherichia coli. Percentage of invasive isolates resistant to carbapenems (imipenem/meropenem), by country,
WHO European Region, 2021
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Note: Data for Serbia and Kosovo (all references to Kosovo in this document should be understood to be in the context of the United Nations Security Council
resolution 1244 (1999)) were combined for this map. Data for the United Kingdom for 2021 includes England, Scotland and Northern Ireland.

Data sources: 2021 data from the Central Asian and European Surveillance of Antimicrobial Resistance (CAESAR, ©WHO 2021. All rights reserved) and 2021 data from
the European Antimicrobial Resistance Surveillance Network (EARS-Net, ©ECDC 2021).

Map production: ©WHO.
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Klebsiella pneumoniae European Region. In 2021, AMR percentages below 10%
were observed in seven (16%) of 45 countries reporting
data on this microorganism (Austria, Denmark, Finland,
Iceland, Norway, Sweden and Switzerland), while 19
(42%), particularly in the southern and eastern parts of
the Region, reported AMR percentages of 50% or above
(Fig. 4).

Like E. coli, K. pneumoniae is a common cause of blood-
stream and urinary and respiratory tract infections and
is easily transmissible, leading to a risk of nosocomial
outbreaks. Third-generation cephalosporin resistance in
K. pneumoniae has become quite widespread in the WHO

Fig. 4 Klebsiella pneumoniae. Percentage of invasive isolates resistant to third-generation cephalosporins
(cefotaxime/ceftriaxone/ceftazidime), by country, WHO European Region, 2021
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Note: Data for Serbia and Kosovo (all references to Kosovo in this document should be understood to be in the context of the United Nations Security Council
resolution 1244 (1999)) were combined for this map. Data for the United Kingdom for 2021 includes England, Scotland and Northern Ireland.

Data sources: 2021 data from the Central Asian and European Surveillance of Antimicrobial Resistance (CAESAR, ©WHO 2021. All rights reserved) and 2021 data from
the European Antimicrobial Resistance Surveillance Network (EARS-Net, ©ECDC 2021).

Map production: ©WHO.
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Carbapenem resistance was more frequently reported in
K. pneumoniae than in E. coli. In 2021, percentages were
generally low in northern and western parts of the WHO
European Region; 14 (31%) of 45 countries reported AMR

reported percentages equal to or above 25%, eight
of which (18% of 45 countries) reported AMR percent-
ages equal to or above 50% (Belarus, Georgia, Greece,
Moldova, Romania, Russia, Serbia and Ukraine) (Fig. 5).

percentages below 1% (Fig. 5). Fifteen (33%) countries

Fig. 5 Klebsiella pneumoniae. Percentage of invasive isolates resistant to carbapenems (imipenem/meropenem), by
country, WHO European Region, 2021
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resolution 1244 (1999)) were combined for this map. Data for the United Kingdom for 2021 includes England, Scotland and Northern Ireland.

Data sources: 2021 data from the Central Asian and European Surveillance of Antimicrobial Resistance (CAESAR, ©WHO 2021. All rights reserved) and 2021 data from
the European Antimicrobial Resistance Surveillance Network (EARS—Net, ©ECDC 2021).

Map production: ©WHO.
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Pseudomonas aeruginosa

P. aeruginosa is a common cause of infection (including
hospital-acquired pneumonia, bloodstream and urinary
tract infections) in hospitalised patients, especially those
with compromised immune defenses. It is intrinsically
resistant to many antimicrobial agents and is challeng-
ing to control in healthcare settings. Large differences
are seen in the percentages of carbapenem-resistant

P. aeruginosa within the WHO European Region (Fig. 6).
In 2021, AMR percentages of below 5% were observed
in two (5%) of 44 countries reporting data on this micro-
organism (Denmark and Finland), whereas six (14%)
countries reported percentages equal to or above 50%
(Belarus, Georgia, Moldova, Russia, Serbia and Ukraine).

Fig. 6 Pseudomonas aeruginosa. Percentage of invasive isolates with resistance to carbapenems (imipenem/

meropenem), by country, WHO European Region, 2021
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the European Antimicrobial Resistance Surveillance Network (EARS—Net, ©ECDC 2021).

Map production: ©WHO.
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Acinetobacter species

Acinetobacter spp. mainly cause healthcare-associated
infections such as (ventilator-associated) pneumonia,
(central line-associated) bloodstream infections and
postoperative wound infections. Acinetobacter spp.
can persist in the healthcare environment and are dif-
ficult to eradicate once established. The percentages of

carbapenem-resistant Acinetobacter spp. varied widely
within the Region in 2021, from below 1% in three (7%)
of 45 countries reporting data on this microorganism
(the Netherlands, Norway and Sweden) to percentages
equal to or above 50% in 25 (56%) countries, mostly in
southern and eastern Europe (Fig. 7).

Fig. 7 Acinetobacter species. Percentage of invasive isolates with resistance to carbapenems (imipenem/meropenem),

by country, WHO European Region, 2021
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Note: Data for Serbia and Kosovo (all references to Kosovo in this document should be understood to be in the context of the United Nations Security Council
resolution 1244 (1999)) were combined for this map. Data for the United Kingdom for 2021 includes England, Scotland and Northern Ireland.
Data sources: 2021 data from the Central Asian and European Surveillance of Antimicrobial Resistance (CAESAR, ©WHO 2021. All rights reserved) and 2021 data from

the European Antimicrobial Resistance Surveillance Network (EARS-Net, ©ECDC 2021).

Map production: ©WHO.
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Staphylococcus aureus

Meticillin-resistant Staphylococcus aureus (MRSA) is
one of the most frequent causes of antibiotic-resistant

cause of post-operative wound infections. In 2021, 11
(25%) of 44 countries reporting data on S. aureus had
MRSA percentages below 5% (Fig. 8). MRSA percentages
equal to or above 25% were found in 13 (30%) countries.

healthcare-associated infections worldwide. In addition,
many parts of the world, including Europe, are report-
ing increasing levels of community-associated MRSA.
S. aureus mainly causes infections of the skin, soft tis-
sue and bone, and bloodstream. It is the most common

Fig. 8 Staphylococcus aureus. Percentage of invasive isolates resistant to meticillin (MRSA),? by country, WHO
European Region, 2021
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For EARS—Net, MRSA is based on AST results for cefoxitin or, if unavailable, oxacillin. AST results reported for cloxacillin, dicloxacillin, flucloxacillin or meticillin
are accepted as a marker for oxacillin resistance if oxacillin is not reported. If no phenotypic results are available, data from molecular confirmation tests (detection
of mecA gene PCR or a positive PBP2A-agglutionation test) are accepted as a marker for MRSA. For CAESAR, MRSA is based on cefoxitin or, if unavailable, oxacillin.
If neither were available, data from molecular confirmation tests (detection of mecA gene by PCR or a positive PBP2A-agglutionation test) are accepted as a marker
for MRSA.

Note: Data for Serbia and Kosovo (all references to Kosovo in this document should be understood to be in the context of the United Nations Security Council
resolution 1244 (1999)) were combined for this map. Data for the United Kingdom for 2021 includes England, Scotland and Northern Ireland.

Data sources: 2021 data from the Central Asian and European Surveillance of Antimicrobial Resistance (CAESAR, ©WHO 2021. All rights reserved) and 2021 data from
the European Antimicrobial Resistance Surveillance Network (EARS-Net, ©ECDC 2021).

Map production: ©WHO.
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Streptococcus pneumoniae

S. pneumoniae causes a wide range of infections, from
mild, self-limiting conditions such as otitis media to
more serious infections (e.g. community-acquired pneu-

S. pneumoniae. Two (5%) of 43 countries reporting data
on this microorganism in 2021 had percentages below
5% (Estonia and Latvia), while percentages equal to or
above 25% were found in five (12%) countries (Belarus,
France, Romania, Serbia and Tiirkiye) (Fig. 9).

monia and meningitis), with high mortality in vulnerable
patient groups. Large differences were observed across
the Region in the percentage of penicillin non-wild-type

Fig. 9 Streptococcus pneumoniae. Percentage of penicillin® non-wild-type® invasive isolates, by country, WHO
European Region, 2021
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For Streptococcus pneumoniae, the term penicillin non-wild-type is used in this report, referring to S. pneumoniae isolates reported by local laboratories as
"susceptible, increased exposure" (I) or resistant (R) to penicillin, assuming minimum inhibitory concentrations to benzylpenicillin above those of wild-type
isolates (> 0.06 mg/L). The qualitative susceptibility categories (S/I/R) as reported by the laboratory are used since quantitative susceptibility information is
missing for a large part of the data. It should be understood that laboratories not using EUCAST clinical breakpoints (this applies to only a few laboratories in
CAESAR countries/areas in 2021) might define the cut—off values for the susceptibility categories differently.

Note: Data for Serbia and Kosovo (all references to Kosovo in this document should be understood to be in the context of the United Nations Security Council
resolution 1244 (1999)) were combined for this map. Data for the United Kingdom for 2021 includes England, Scotland and Northern Ireland.

Data sources: 2021 data from the Central Asian and European Surveillance of Antimicrobial Resistance (CAESAR, ©WHO 2021. All rights reserved) and 2021 data from
the European Antimicrobial Resistance Surveillance Network (EARS-Net, ©ECDC 2021).

Map production: ©WHO.
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Enterococcus faecium

E. faecium is a part of the normal bacterial microbiota
of the human gastrointestinal tract. It is usually mildly
pathogenic but can, under certain circumstances, cause
severe disease such as bloodstream infections, endo-
carditis and peritonitis. Resistance to vancomycin in
E. faecium varied substantially among countries in the

Region. In 2021, percentages of below 1% were reported
by six (14%) of 44 countries providing data on this micro-
organism (Finland, France, Luxembourg, the Netherlands,
Norway and Sweden) (Fig. 10). AMR percentages equal
to or above 25% were found in 17 (39%) countries, five
of which (11% of 44 countries) reported percentages
equal to or above 50% (Cyprus, Lithuania, Malta, North
Macedonia and Serbia).

Fig. 10 Enterococcus faecium. Percentage of invasive isolates resistant to vancomycin, by country, WHO European

Region, 2021
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Note: Data for Serbia and Kosovo (all references to Kosovo in this document should be understood to be in the context of the United Nations Security Council
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Data sources: 2021 data from the Central Asian and European Surveillance of Antimicrobial Resistance (CAESAR, ©WHO 2021. All rights reserved) and 2021 data from

the European Antimicrobial Resistance Surveillance Network (EARS—-Net, ©ECDC 2021).

Map production: ©WHO.
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Discussion

Despite still adjusting to the challenges posed by the
COVID-19 pandemic, 16 countries reported 2021 data
to CAESAR, while 29 countries, including all of those
in the EU and two from the EEA (Iceland and Norway),
reported 2021 data to EARS-Net. In 2021 for the first
time, Kazakhstan and Turkmenistan reported data to
CAESAR and Ukraine was able to expand its surveillance
network, leading to an increase in the number of isolates
for all pathogens compared to 2020. Moreover, in 2021
there was an increase in isolates reported to CAESAR
per pathogen and overall compared to 2020. Similarly,
an increase was observed in the number of isolates
reported to EARS-Net overall compared to 2020.

Seven (44%) of the 16 countries reporting data to
CAESAR reported that their participating laboratories
had an estimated population coverage of over two thirds
of the national population, including two countries that
reported having an estimated national population cover-
age of 100%. However, five countries reported data for
less than half of their population. Three countries did
not report data (Table A3.2).

One (6%) of the 16 countries reporting data to CAESAR
indicated that their reported data had a high national
representativeness, in terms of three metrics: geograph-
ical representativeness, hospital representativeness,
and isolate representativeness. A further eight countries
reported that the representativeness was ‘'high’ for two
of these three metrics, and three countries reported that
the representativeness of their national data was 'low’
for all three metrics (Table A3.2).

The blood culture rate, in hospitals served by the lab-
oratories that reported data to CAESAR in 2021, was
reported by 13 countries. For the one country that
reported a high national representativeness according
to all three metrics listed above, no data was available
on the national average blood culture rate. In the eight
countries reporting a high national representativeness
(according to two of the three metrics listed above) with
data available on the national average blood culture
rate, the national average blood culture rate was 2.3-fold
higher than in the five countries reporting a medium or
low national representativeness (according to at least
two of the three metrics) with data available on the
national average blood culture rate (20.9 versus 9.2
blood culture sets per 1000 patient-days, respectively).
Comparative findings for the EU/EEA are included in the
section ‘Overall EU/EEA situation’.

The results from CAESAR and EARS-Net clearly show that
AMR continues to be widespread in the WHO European
Region. The results presented in this report originate
from distinct country surveillance systems that are char-
acterised by specific protocols and practices, which
limits inter-country comparability. Despite these limi-
tations, the presence of specific AMR patterns across
clinical settings covered by the surveillance networks
is apparent. High percentages of resistance to third-
generation cephalosporins in E. coli, high percentages

of resistance to third-generation cephalosporins and
carbapenems in K. pneumoniae, high percentages of
carbapenem-resistant Acinetobacter spp., and high per-
centages of MRSA in several countries are of concern.
These findings suggest the dissemination of resistant
clones in healthcare settings and indicate the serious
limitations in treatment options faced by many countries
for patients with infections caused by these pathogens.
They also indicate that IPC measures require rigorous
attention. While there is an evident west-to-east gradient
in AMR percentages for gram-negative bacteria (E. coli,
K. pneumoniae, P. aeruginosa and Acinetobacter spp.),
it is less obvious for gram-positive bacteria (S. aureus,
S. pneumoniae and E. faecium). As antimicrobial-resist-
ant bacterial microorganisms cannot be contained
within borders or regions, these results underline the
need for concerted action to combat AMR throughout the
WHO European Region, and globally.

In addition, an increase in resistance to third-genera-
tion cephalosporins in K. pneumoniae was observed,
and to carbapenems in K. pneumoniae, P. aeruginosa,
and Acinetobacter spp. in Bosnia and Herzegovina
and Serbia. Tiirkiye experienced a similar increase in
these combinations, with the exception of carbapen-
ems in P. aeruginosa. The United Kingdom experienced
an increase in resistance to third-generation cepha-
losporins in K. pneumoniae and to carbapenems in
P. aeruginosa, and a decrease in resistance to car-
bapenems in K. pneumoniae. Overall, this increased
resistance to third-generation cephalosporins in
K. pneumoniae, and to carbapenems in K. pneumoniae
and Acinetobacter spp. was also observed in the EU/EEA.

In terms of isolates reported to CAESAR, considering
only the countries that submitted data both in 2020 and
2021 (13 countries), there was a 26% increase in E. coli
isolates, a 36% increase in K. pneumoniae isolates, a
41% increase in P. aeruginosa isolates, a 50% increase
in Acinetobacter spp., and a 22% increase in S. pneumo-
niae isolates in 2021, compared to 2020. There was also
a 30% increase in S. aureus isolates, a 32% increase in
E. faecalis isolates, and a 41% increase in E. faecium in
2021 compared to the previous year. In fact, the increase
in Acinetobacter spp. isolates was also observed in
2020. This increase in isolates for Acinetobacter spp.,
mostly A. baumannii complex, was also one of the most
obvious findings in the EU/EEA in 2021.

Since the publication of the Global Action Plan on
Antimicrobial Resistance (GAP-AMR) in 2015 [1], most
Member States of the WHO European Region have
enhanced efforts to tackle AMR by ensuring costing
and implementation of national action plans (NAP)
across sectors. Progress has been made on this front,
with 44 (85%) of the 52 countries in the Region report-
ing having developed a NAP on AMR in the latest round
of global monitoring, compared to 34 (68%) of the 50
countries reporting this in 2017 [2]. One of the largest
remaining challenges is to ensure adequate funding
for implementation of NAPs, with packages of effective
intervention to combat AMR. A staggering 40 (77%) of
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52 countries reported governance and administrative
impacts, such as reduced funding, as a consequence of
the COVID-19 pandemic [2]. Although it is one of the key
objectives of the GAP-AMR, surveillance still struggles
to reach adequate and sustainable capacity in the WHO
European Region: 16% of countries still reported collect-
ing AMR data only at local level, without a standardised
approach. This further warrants a call for continued
coordinated action and commitment globally.

Similarly, efforts to improve antimicrobial consumption
in the Region remain heterogeneous. During 2021, 19
(68%) of 28 EU/EEA countries reporting data for both the
community and the hospital sector met or exceeded the
WHO country-level target of 60% of total antibacterial
consumption being derived from WHO’s Access category
(as defined in the Access, Watch, Reserve (AWaRe)s
classification list) [3]. Only five countries of 18 report-
ing to the WHO Regional Office for Europe Antimicrobial
Medicines Consumption Network achieved this target in
2019 [4].

Public health implications

AMR is one of the top 10 global public health threats
facing humanity [5]. While the number of countries in
the Region that followed the global call [1, 6] to develop
NAP-AMRs has reached a high level, and many countries
are already embarking on a revision of their NAPs for the
next phase of implementation, there are also countries
that have only just started out on the path to implement
effective interventions to tackle AMR. The same applies
to AMR surveillance: greater efforts and investment are
required to increase the comparability, quantity and
quality of AMR surveillance data. Current patterns, such
as increases in carbapenem-resistant Acinetobacter spp.
isolates that are difficult to eradicate once endemic,
indicate that efforts to prevent and detect resistance
should be enhanced. These patterns also highlight the
role AMR surveillance can play in strengthening health
system resilience and preparedness.

High-level support and robust funding for comprehen-
sive programmes and interventions on IPC, antimicrobial
stewardship and surveillance are still inadequate. It is
clear that commitment at the highest-level of govern-
ment is crucial to advance the AMR agenda [7].

The COVID-19 pandemic exposed the weaknesses in
national health systems and the interconnectedness
of countries and continents. In fact, the impact of the
pandemic on AMR NAPs can be seen from the results
of the 2022 TrACSS survey: 43 (90%) of the 48 partici-
pating countries in the Region reported their AMR NAP
development and implementation being affected by the
pandemic; 40 (77%) of 52 countries reported impacts
on governance and administration, such as reduced
funding; 38 (73%) of 52 countries reported operational
impacts such as increased antibiotic use [2]. At the

5 AWaRe classifies antibiotics into three stewardship groups - Access,
Watch and Reserve - to emphasise the importance of their optimal
uses and potential for AMR.

30

same time, evidence from the Region suggests that
facilities with robust antimicrobial stewardship (AMS)
programmes in place were able to gradually normalise
AMS programme activity after the first wave of the pan-
demic and control the level of antibiotic use in the long
run [8].

The world is still adjusting to the effects of the pandemic
on people and public health, and efforts to tackle AMR
are only just beginning to find a balance after the reor-
ganisation of healthcare professionals to support the
COVID-19 response across the European Region. Across
the globe, governments were confronted with the need
to take more coordinated action. This paved the way for
a more united front against future health threats, includ-
ing that of AMR. It stands to reason that such a united
front will respond more robustly to the looming threat
of AMR in the future. In fact, on 13 December 2021, the
goal of strengthening preparedness against the ‘silent
pandemic’ of AMR was agreed upon by all G7 Finance
Ministers [9].

This report highlights the persistent disparities in AMR
prevalence across the WHO European Region and reveals
unexploited opportunities for counteracting AMR.
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EU/EEA countries

Overall EU/EEA situation

As in the preceding years, all EU Member States and
two EEA countries (Iceland and Norway) reported data
for 2021 from invasive isolates (retrieved from blood or
cerebrospinal fluid) to EARS-Net [10]. Eighteen (62.1%)
of these 29 countries reported that their participating
laboratories had a population coverage of over two-
thirds of the national population, including 14 countries
that reported having a national population coverage of
90.0% or more. However, seven countries reported data
for less than half of their population (Table A3.2).

Twenty-two (75.9%) of the 29 participating countries
classified the national representativeness of their
reported EARS-Net data as high, in terms of three met-
rics: the covered geographical areas, the included acute
care hospitals, and the microorganisms that caused
invasive infections in those hospitals. A further three
countries reported that the representativeness was
‘high’ for two of the three metrics, and one country
reported that the representativeness of its national data
was ‘low’ for all three metrics (Table A3.2).

The blood culture rate, in hospitals served by the
laboratories that reported data to EARS-Net in 2021,
was reported by 24 countries. In the 22 countries that
reported a high national representativeness according
to all three metrics listed above, the rate at which blood
cultures were obtained for patients was 2.6-fold higher
than in the four countries that reported one or none of
the metrics of national representativeness as high (76
versus 29 blood culture sets per 1000 patient-days,
respectively). The reported blood culture rates were
highest in Belgium, Denmark, Finland, Portugal, and
Spain (> 100 sets per 1000 patient-days), and lowest in
Bulgaria, Czechia, Hungary, Latvia and Lithuania (< 25
sets per 1000 patient-days) (Table A3.2). Appropriate
microbiological testing of blood samples is a pre-requi-
site for adjusting the appropriateness of antimicrobial
prescriptions to treat infections, and for reducing AMR.

All but one country reported data for all eight bacterial
species under EARS-Net surveillance (E. coli, K. pneumo-
niae, P. aeruginosa, Acinetobacter spp., S. pneumoniae,
S. aureus, E. faecalis and E. faecium), while one country
(Greece) reported data for all bacterial species except
S. pneumoniae.

The number of laboratories participating in EARS-Net
continued to increase, indicating a strengthening of
national AMR surveillance systems in the EU/EEA. In
2021, 1847 laboratories reported data, 1006 of which
were in France. There were 666 laboratories identifi-
able as having reported data for each year during the
period 2017-2021, as the reporting countries were able
to provide a consistent laboratory identifier. These do
not include » 85.0% of the laboratories in France and
Greece that participated in 2021, either because there
were major changes in the organisational structure of

the national surveillance system (France), or because
of the restriction of EARS-Net, starting with 2019 data,
to only include laboratories using EUCAST methods and
guidelines (Greece).

Overall in 2021, the most commonly reported bacte-
rial species was E. coli (39.4% of all reported cases),
followed by S. aureus (22.1%), K. pneumoniae (11.9%),
E. faecalis (8.8%), E. faecium (6.2%), P. aeruginosa
(6.1%), Acinetobacter spp. (3.0%) and S. pneumoniae
(2.5%). This ranking is different to 2020, since E. faecium
and Acinetobacter spp. are one rank higher. Between
2020 and 2021, the number of reported cases increased
for all pathogens. The largest increases were observed
for Acinetobacter spp. (+43.2%), E. faecium (+20.5%) and
E. faecalis (+14.0%), with smaller increases for S. aureus
(+9.4%), P. aeruginosa (+8.2%), K. pneumoniae (+8.1%),
S. pneumoniae (+4.3%), and the most frequently
reported pathogen - i.e. E. coli (+2.8%).

During 2020 and 2021, reporting of cases of pathogens
with AMR coincided with changes in healthcare and the
community resulting from the global COVID-19 pandemic,
which will have affected IPC activities targeting these
pathogens. Therefore, a comparison of 2021 data with
data from the years immediately before 2020 is informa-
tive. In addition, even though the national and EU/EEA
representativeness of EARS-Net data is high, restricting
analysis to laboratories known to have reported con-
tinuously throughout the period 2017-2021 is a way of
verifying trends. This “restricted’ dataset is very similar
to the ‘full’ dataset. To illustrate this point, the over-
all number of isolates at EU/EEA level, for all bacterial
species under surveillance, increased by 7.2% in 2021
compared to 2020 among laboratories that continuously
reported data to EARS-Net during 2017-2021. This num-
ber increased by 8.8% in all laboratories that reported
during that period. Similarly, among the ‘restricted’
set of laboratories that continuously reported data dur-
ing the period 2017-2021 S. pneumoniae was reported
more frequently than Acinetobacter spp. (3.2% and
2.8% of all reported bacterial species, respectively), but
otherwise the ranking remained the same as in the full
dataset. Within that same restricted group of laborato-
ries, comparing 2021 to the average for 2018 and 2019,
the largest increases in the number of reported isolates
were for Acinetobacter spp. (+73.9%; 3523 and 6127,
respectively) and E. faecium (+32.5%; 9926 and 13151,
respectively) followed by E. faecalis (+11.7%; 15777
and 17620, respectively). There was almost no change
in K. pneumoniae (+0.03%; 25044 and 25052, respec-
tively) and P. aeruginosa (-0.9%; 12150 and 12035,
respectively), and a decrease in the number of reported
isolates of S. aureus (-5.5%; 50267 and 47487, respec-
tively), E. coli (-11.8%; 99266 and 87526, respectively),
and in particular S. pneumoniae (-45.6%; 12629 and
6875, respectively) [11].

In 2021, the most striking observation was the overall
increase in the number of Acinetobacter spp., which
mostly belong to the A. baumannii complex in the
EU/EEA. This does not appear to be a feature of improved
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reporting, as the increase was confirmed among the
laboratories that continuously reported data each year
during the period 2017-2021 (h=666). In 2021, the aver-
age number of reported cases resistant to each of the
three antimicrobial groups presented in this report (car-
bapenems, fluoroquinolones and aminoglycosides) was
more than double (+121%) the average for 2018-2019. In
addition, the population-weighted mean AMR percent-
age had increased by more than 20% for each of these
groups among the continuously reporting laboratories
[11]. The largest increases in the number of cases and
AMR percentages of Acinetobacter spp. were reported
by countries that already had high AMR percentages in
their reported Acinetobacter spp. cases prior to 2020.
At country level, among all reporting laboratories in
2021, the percentage of Acinetobacter spp. cases resist-
ant to all three antimicrobial groups ranged from o.o to
98.5% (Table 7a). Together, these findings imply that the
situation with Acinetobacter spp. in the EU/EEA has dete-
riorated for the second year in a row. Acinetobacter spp.
in healthcare is problematic since it can persist in the
healthcare environment for long periods and is noto-
riously difficult to eradicate once established. AMR
reduces options for treatment of infections. Options for
national preparedness and response include ensuring
that hospitals can perform timely screening, laboratory
reporting and pre-emptive isolation of high-risk patients;
good IPC; rigorous environmental cleaning and disinfec-
tion and antimicrobial stewardship programmes.

For K. pneumoniae, the percentage of cases resistant to
carbapenems continued to increase, and this was also
observed among laboratories that continuously reported
data from 2017 to 2021 (Table 7b). In these laboratories,
the percentage remained unchanged from 2017 to 2018,
before increasing by +8% between 2018 and 2019 [11].
Then, in 2020, the percentage of carbapenem-resistant
K. pneumoniae cases reported by these laboratories
increased by a further +31%, and in 2021 by another
+20% [11]. The percentages of carbapenem-resistant
cases varied widely by country (0.0-73.7%) (Table 7a),
implying that there are still further opportunities to
counter this AMR threat.

In 2021, the population-weighted mean percentage of
vancomycin resistance in E. faecium reached 17.2%, and
the rapid and continuous increase in the percentage of
vancomycin resistance in E. faecium in the EU/EEA is a
cause for concern.

For S. pneumoniae, there was a drop in the number of
reported cases in the EU/EEA in 2020 compared to 2019.
However, this number remained relatively stable in
2021. In this context, the percentage of penicillin non-
wild-type cases increased from 14.0% in 2017 to 16.3%
in 2021 (Table 7b).

Otherwise, during the period 2017-2021, for the
EU/EEA, most of the bacterial species—antimicrobial
combinations in this report showed either a significantly
decreasing trend or no significant trend in the popu-
lation-weighted mean AMR percentage — in particular
E. coli (otherthan carbapenem-resistant), K. pneumoniae
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(other than carbapenem-resistant), P. aeruginosa and
MRSA (Table 7b). Nevertheless, these pathogens remain
important in the EU/EEA, with high AMR percentages.
As expected, AMR percentages were generally higher
for K. pneumoniae and P. aeruginosa than for E. coli for
each reported antimicrobial group/agent (Table 7b).

The reported AMR percentages varied widely among
countries for several bacterial species—antimicrobial
group combinations, often with a north-to-south and
west-to-east gradient. In general, the lowest AMR per-
centages were reported by countries in the north of the
EU/EEA, and the highest AMR percentages by countries
in the south and east of the EU/EEA [12].

Bacterial species-specific results

Escherichia coli
Epidemiology

For 2021, 29 EU/EEA countries reported 144260 iso-
lates of E. coli. Of these, 108730 (75.4%) isolates had
AST results for aminopenicillins, 143180 (99.3%) for
third-generation cephalosporins, 143253 (99.3%) for
fluoroquinolones, 139435 (96.7%) for aminoglycosides
and 137526 (95.3%) for carbapenems (Table 7a).

At EU/EEA level, more than half (52.3%) of the E. coli iso-
lates reported to EARS-Net for 2021 were resistant to at
least one of the antimicrobial groups under surveillance
(aminopenicillins, fluoroquinolones, third-generation
cephalosporins, aminoglycosides and carbapenems)
(Table 8). In 2021, the highest EU/EEA population-
weighted mean resistance percentage was reported for
aminopenicillins (53.1%), followed by fluoroquinolones
(21.9%), third-generation cephalosporins (13.8%) and
aminoglycosides (9.6%). Resistance to carbapenems
remained rare (0.2%) (Table 7a).

Between 2017 and 2021, there was a significantly
increasing trend in the EU/EEA population-weighted
mean percentage for carbapenem resistance, while the
EU/EEA trends for aminopenicillin resistance, third-
generation cephalosporin resistance, fluoroquinolone
resistance and aminoglycoside resistance decreased
significantly during the same period. When restrict-
ing the analysis to include only laboratories that
continuously reported data for all five years, all trends
remained significant (Table 7b). Larger annual decreases
in EU/EEA-level resistance percentages were seen in
2021 than in the period 2017-2020 for fluoroquinolones
(-1.9%), aminoglycosides (-1.3%), and third-generation
cephalosporins (-1.1%) (Table 7b).

Resistance to multiple antimicrobial groups was com-
mon. Among the resistant phenotypes, resistance
to aminopenicillins, both as single resistance or in
combination with other antimicrobial groups, was
the most common at EU/EEA level (Table 8). In 2021,
the percentage of combined resistance, measured
as resistance to third-generation cephalosporins,
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Table 8 Escherichia coli. Total number of invasive isolates tested (n = 99 038)? and AMR percentage (%) per
phenotype, EU/EEA, 2021

AMR pattern® Number of isolates Percentage of total

Fully susceptible (to included antimicrobial groups) 47225 41.7
Single resistance (to indicated antimicrobial group)

Total (all single resistance) 32659 33.0
Aminopenicillins 29751 30.0
Fluoroquinolones 2516 2.5

Other antimicrobial groups 392 0.4
Resistance to two antimicrobial groups

Total (all two-group combinations) 9564 9.7
Aminopenicillins + fluoroquinolones 5335 5.4
Aminopenicillins + third-generation cephalosporins 2454 25

Aminopenicillins + aminoglycosides 1639 17

Other antimicrobial group combinations 136 0.1

Resistance to three antimicrobial groups

Total (all three-group combinations) 6180 6.2
Aminopenicillins + third-generation cephalosporins + fluoroquinolones 4212 43

Aminopenicillins + fluoroquinolones + aminoglycosides 1541 1.6

Other antimicrobial group combinations 427 0.4
Resistance to four antimicrobial groups

Total (all four-group combinations) 3386 3.4
Aminopenicillins + third-generation cephalosporins + fluoroquinolones + aminoglycosides 3365 3.4

Other antimicrobial group combinations 2 <01

Resistance to five antimicrobial groups
Aminopenicillins + third-generation cephalosporins + fluoroquinolones + aminoglycosides + carbapenems 24 <0.1

2 Only isolates with complete susceptibility information for aminopenicillins (@amoxicillin or ampicillin), third-generation cephalosporins (cefotaxime, ceftriaxone or
ceftazidime), carbapenems (imipenem or meropenem), fluoroquinolones (ciprofloxacin, levofloxacin or ofloxacin) and aminoglycosides (gentamicin or tobramycin)
were included in the analysis. This represented 68.7% (99 038/144 260) of all reported E. coli isolates.

b Only AMR combinations » 1% of the total are specified.

¢ Not adjusted for population differences in the reporting countries.

Fig. 11 Escherichia coli. Percentage of invasive isolates resistant to fluoroquinolones (ciprofloxacin/levofloxacin/
ofloxacin), by country, EU/EEA, 2021
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Fig. 12 Escherichia coli. Percentage of invasive isolates resistant to third-generation cephalosporins (cefotaxime/
ceftriaxone/ceftazidime), by country, EU/EEA, 2021
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Fig. 13 Escherichia coli. Percentage of invasive isolates resistant to carbapenems (imipenem/meropenem), by country,
EU/EEA, 2021
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fluoroquinolones and aminoglycosides, was 5.1%
(EU/EEA population-weighted mean) and this showed
a statistically significant decreasing trend during the
period 2017-2021 (Table 7b).

With the exception of carbapenem resistance, which
remained low in all countries, large inter-country varia-
tions were noted for all the antimicrobial groups under
surveillance (Table 7a), with generally higher AMR per-
centages reported from southern and eastern Europe
than from northern Europe (Fig. 11-13).

Discussion

E. coli is a major cause of bloodstream infection in
Europe, and prompt access to effective antimicrobial
treatment is essential to reduce the health-related and
economic burden caused by E. coli infection. In ECDC’s
study of the EU/EEA health burden of AMR for the period
2016-2020, the largest burden of disease was caused
by infections with third-generation cephalosporin-
resistant E. coli, both in terms of the number of cases
and the number of attributable deaths [13]. As antimi-
crobial-resistant E. coliinfections commonly occur in the
community, interventions to reduce the burden of infec-
tion should not be restricted to hospital settings, but
should also target primary and community care.

Time-series analyses of EU/EEA population-weighted
means for third-generation cephalosporin resistance
and fluoroquinolone resistance in E. coli reported to
EARS-Net for the years 2002-2018 have shown that
while AMR percentages increased substantially dur-
ing the period, the increase was most prominent until
around 2012. It then became less pronounced [14]. A
significantly declining EU/EEA trend was noted for the
five-year period presented in this report (2017-2021).
However, it should be noted that the 2021 EARS-Net EQA
indicated that decreased susceptibility towards fluro-
quinolones is under-reported by EARS-Net laboratories
[15]. Percentages of AMR reported for 2021 nevertheless
remain at a high level, highlighting the need for further
efforts to improve antimicrobial stewardship and IPC.

Use of broad-spectrum antimicrobials is a known
risk factor for the colonisation and spread of antimi-
crobial-resistant Enterobacterales, including E. coli.
Associations between national AMR percentages in
E. coli and national antimicrobial consumption rates
have been reported [16]. Although the latest data from
ESAC-Net show a considerable decrease in antimicrobial
consumption in 2020 and 2021 compared to previous
years [3], a less uniform pattern is reflected for AMR per-
centages at EU/EEA level. The latest data from ESAC-Net
also show that large inter-country variations in the use
of broad-spectrum antimicrobials remain [3], indicating
a need for increased focus on antimicrobial stewardship
and highlighting the potential for further reductions in
antimicrobial consumption.

As high AMR levels have been reported in E. coli iso-
lates from food-producing animals in Europe, including
the rare occurrence of isolates with carbapenemase

production [17], ensuring cross-sectoral collaboration
between the human, veterinary and food-production
sectors is essential in a ‘One-Health’ approach, which
addresses AMR in both humans and food-producing ani-
mals. ECDC is working closely with the European Food
Safety Authority and the European Medicines Agency to
better understand the interrelationships between anti-
microbial use and AMR in humans and animals across
Europe, and produced the third joint inter-agency report
on integrated analysis of antimicrobial agent consump-
tion and occurrence of AMR in bacteria from humans and
food-producing animals in 2021 [16].

Carbapenem-resistant isolates remained rare among
the invasive E. coli isolates included in EARS-Net, how-
ever there was a small but significant increase in the
EU/EEA population-weighted mean between 2017 and
2021. Although the interpretation of the increase in
2021 should take into account that the 2021 EARS-Net
EQA indicated that decreased carbapenem suscepti-
bility may be over-reported in EARS-Net [15], a further
increase in serious infections caused by carbapenem-
resistant E. coli would have severe consequences on the
burden of AMR in the EU/EEA. Carbapenem-resistant
Enterobacterales (CRE) infections are associated with
high mortality, primarily due to delays in the administra-
tion of effective treatment and the limited availability of
treatment options. The 2019 update of ECDC’s rapid risk
assessment on CRE highlights the need for high stand-
ards in IPC, combined with adequate microbiological
capacity to detect and prevent further spread [18].

Carbapenem resistance is most often mediated by a
range of carbapenemases and there are carbapenemase-
producing isolates that test susceptible to meropenem
and/or imipenem, based on clinical breakpoints. One
example is OXA-244-producing E. coli which, in routine
clinical microbiology laboratories, may only be classi-
fied as extended-spectrum beta-lactamase-producing
rather than carbapenemase-producing E. coli, unless
specifically tested for OXA-48-like carbapenemases.
An ECDC risk assessment on OXA-244-producing E. coli
[19] indicated a pan-European problem, with a high risk
of OXA-244-producing E. coli spreading further in the
EU/EEA, given the rapid and simultaneous increase
in multiple countries between 2016 and 2019. There is
a risk that spread of OXA-244-producing E. coli in the
community may further contribute to the loss of carbap-
enems as options for treatment of multidrug-resistant
E. coli infections. This highlights the need to further
investigate the sources and routes of transmission for
carbapenemase-producing E. coli.

To address the need and to complement the phe-
notypic-based surveillance data available from
EARS-Net, the periodic carbapenem- and/or colistin-
resistant Enterobacterales (CCRE) surveys are now
incorporated into a new network the European
Antimicrobial Resistance Genes Surveillance Network
(EURGen-Net) [20]. The latest survey results will provide
information on the prevalence and distribution of car-
bapenemases and contribute to a better understanding
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of the epidemiology of CRE in Europe and risk factors
associated with CRE infection and colonisation. ECDC
is also able, to a limited extent, to provide Member
States with access to whole-genome sequencing ser-
vices, primarily for investigating potential multi-country
outbreaks. By way of example, these services were
provided for a combined clonal and plasmid-mediated
outbreak of carbapenemase-producing Enterobacterales
in Lithuania during the period 2019—2020 [21].

Klebsiella pneumoniae
Epidemiology

For 2021, 29 EU/EEA countries reported 43617 isolates
of K. pneumoniae. Of these, 43261 (99.2%) isolates
had AST results for third-generation cephalosporins,
43136 (98.9%) for fluoroquinolones, 42181 (96.7%) for
aminoglycosides and 42007 (96.3%) for carbapenems
(Table 7a).

At EU/EEA level, more than a third (38.4%) of the
K. pneumoniae isolates reported to EARS-Net for 2021
were resistant to at least one of the antimicrobial groups
under surveillance (fluoroquinolones, third-generation
cephalosporins, aminoglycosides and carbapenems)
(Table 9). In 2021, the highest EU/EEA population-
weighted mean resistance percentage was reported for
third-generation cephalosporins (34.3%), followed by
fluoroquinolones (33.6%), aminoglycosides (23.7%) and
carbapenems (11.7%) (Table 7a).

Between 2017 and 2021, there was a significantly
increasing trend in the EU/EEA population-weighted
mean percentage for carbapenem resistance, while the

EU/EEA trend for fluoroquinolones and aminoglycoside
resistance decreased significantly during the same
period. When the analysis was restricted to include
only laboratories that continuously reported data, the
EU/EEA trends for carbapenems and aminoglycosides
remained significant (Table 7b).

It is of interest to note that the annual change in resist-
ance percentage at EU/EEA level indicated a relatively
large increase in 2021 (1.7%) for carbapenems com-
pared with the period 2017-2020 (Table 7b). The rate of
increase, relative to the previous year, also increased
each year in the period 2017-2021, by +5%, +6%, +11%
and +17%, respectively. Among continuously reporting
laboratories the percentage remained unchanged from
2017 to 2018, and increased by +8% from 2018 to 2019.
Then, in 2020, the percentage of carbapenem-resistant
K. pneumoniae cases reported by these laboratories
increased by another +31%, and in 2021 by another
+20% [11].

Single resistance was less commonly reported than
resistance to two, three or four antimicrobial groups,
with the most common AMR phenotype being combined
resistance to third-generation cephalosporins, fluoro-
quinolones and aminoglycosides (Table 9). The EU/EEA
population-weighted mean for combined resistance to
fluoroquinolones, third-generation cephalosporins and
aminoglycosides was 21.2% in 2021 and showed a sta-
tistically significant decreasing trend during the period
2017-2021 (Table 7b), although the trend did not remain
when the analysis was restricted to laboratories that
continuously reported data.

Table 9 Klebsiella pneumoniae. Total number of invasive isolates tested (n = 40 160)* and AMR percentage (%) per

phenotype, EU/EEA, 2021

AMR pattern® Number of isolates Percentage of total

Fully susceptible (to included antimicrobial groups)

Single resistance (to indicated antimicrobial group)

Total (all single resistance)

Third-generation cephalosporins

Fluoroquinolones

Other antimicrobial groups

Resistance to two antimicrobial groups

Total (all two-group combinations)

Third-generation cephalosporins + fluoroquinolones
Third-generation cephalosporins + aminoglycosides

Other antimicrobial group combinations

Resistance to three antimicrobial groups

Total (all three-group combinations)

Third-generation cephalosporins + fluoroquinolones + aminoglycosides
Third-generation cephalosporins + fluoroquinolones + carbapenems
Other antimicrobial group combinations

Resistance to four antimicrobial groups

Third-generation cephalosporins + fluoroquinolones + aminoglycosides + carbapenems

24733 61.6
3035 7.6
1436 3.6
1418 35

181 0.5
3239 8.1
2368 5.9
480 1.2

391 1.0
5963 14.8
4659 1.6
1228 31

76 0.2
3190 7.9

2 Only isolates with complete susceptibility information for third-generation cephalosporins (cefotaxime, ceftriaxone or ceftazidime), carbapenems (imipenem
or meropenem), fluoroquinolones (ciprofloxacin, levofloxacin or ofloxacin) and aminoglycosides (gentamicin or tobramycin) were included in the analysis. This

represented 92.1% (40 160/43 617) of all reported K. pneumoniae isolates.
b Only AMR combinations » 1% of the total are specified.
¢ Not adjusted for population differences in the reporting countries.
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Large inter-country variations were noted for all anti-
microbial groups under surveillance (Table 7a), with
generally higher AMR percentages reported from south-
ern and eastern Europe than from northern Europe
(Fig. 14 and 15). Nine countries reported carbapenem
resistance percentages above 10.0% for K. pneumoniae
[12]. The countries reporting the highest percentages
of carbapenem resistance in K. pneumoniae were also
among those reporting the highest AMR percentages for
the other antimicrobial groups.

Discussion

The AMR situation with K. pneumoniae in the EU/EEA
remains problematic. ECDC’s study of the EU/EEA health
burden of AMR for the period 2016—2020 showed that
the largest burden of disease was caused by infections
with third-generation cephalosporin-resistant E. coli,
followed by MRSA and third-generation cephalosporin-
resistant K. pneumoniae. Infections with these three
antibiotic-resistant bacteria resulted in the largest
health impact, generating 58.2% of the total burden as
measured in disability-adjusted life years (DALYs) [13].

In addition, although the 2021 EARS-Net EQA indicated
that decreased carbapenem susceptibility in K. pneu-
moniae was probably over-reported in 2021 [15], there
was nevertheless a significantly increasing trend in
the EU/EEA population-weighted mean percentages for
carbapenem resistance during the period 2017 to 2021,
as well as a proportionally larger increase from 2020
to 2021 compared to the annual change in the previous
years covered by this report. Carbapenem resistance
was almost always combined with resistance to several
other key antimicrobial groups, leading to a severely
limited range of treatment options for serious infections
caused by this type of bacteria. ECDC’s studies of the
AMR health burden found that even though the level of
carbapenem-resistant K. pneumoniae was relatively low,
the impact of AMR on the EU/EEA health burden is heavy
because of the high level of attributable mortality of
these infections [13,22]. In 2020, the number of deaths
attributable to carbapenem-resistant K. pneumoniae in
2020 was estimated to be 4076 [13]. This underlines the
need for continuous close monitoring and greater efforts
to respond efficiently to this public health threat.

The highest percentages of carbapenem resistance
were observed in south and south-eastern Europe,
similar to the distribution of carbapenemase-producing
Enterobacterales (CRE) reflected in a survey conducted
by EURGen-Net [23]. Results from EURGen-Net also show
that in several EU/EEA countries the situation deterio-
rated between 2010 and 2018 with regard to the spread
of carbapenemase-producing Enterobacterales [23].
Numerous reports on outbreaks with varying potential
for, or recorded cross-border spread of CRE demonstrate
the transmission potential in the healthcare systems
of EU/EEA countries [24-26]. Outbreaks and clusters
in EU/EEA countries also highlight the importance of
detecting CRE early in settings with low incidence, due
to their high transmissibility [24—-28].

CRE can be resistant to carbapenems as a result of a
variety of mechanisms, but most frequently it is through
production of carbapenemase enzymes. It is not pos-
sible to assess the overall presence and spread of
carbapenemase-producing Enterobacterales through
the data available from EARS-Net, as some carbap-
enemases do not confer a fully carbapenem-resistant
phenotype. One example is the OXA-48-like carbapen-
emase enzymes, which present a particular problem for
laboratory detection because of their weak capacity to
hydrolyse carbapenems [24].

Recent outbreaks of carbapenemase (NDM-1 and OXA-
48)-producing and colistin-resistant K. pneumoniae
have highlighted the concomitant increase in virulence,
transmissibility and AMR among certain K. pneumoniae
strains. These strains pose a considerably higher risk to
human health than the K. pneumoniae strains that previ-
ously circulated. A 2021 rapid risk assessment by ECDC
raised the issue of emerging hypervirulent K. pneu-
moniae ST23 carrying carbapenemase genes [29].
The limited information available so far indicates that
very few cases and clusters have been reported in the
EU/EEA. Nevertheless, early detection of such strains,
and close cooperation between clinicians and public
health services is crucial to prevent them spreading
among the patient population in the EU/EEA.

There is a need for increased capacity in the EU/EEA to
support outbreak investigations and surveillance with
real-time whole genome sequencing in order to identify
high-risk clones and implement enhanced control meas-
ures to avoid further spread [27-28]. One initiative to
address this need is the CCRE surveys (part of EURGen-
Net) that will provide updated and more detailed
information on the distribution of carbapenemase-pro-
ducing K. pneumoniae in Europe [20].

As highlighted in the 2019 update of ECDC’s rapid
risk assessment on CRE, options for action include
timely and appropriate diagnosis, high standards of
IPC and antimicrobial stewardship [18]. Many EU/EEA
countries have developed and implemented recommen-
dations and guidance documents on multidrug-resistant
Enterobacterales and/or CRE [30], indicating a trend
towards nationally coordinated responses to this public
health threat. In 2017, to support countries ECDC pub-
lished a guidance document on how to prevent the entry
and spread of CRE into healthcare settings. The guidance
outlines evidence-based best practices for the preven-
tion of CRE, including measures for intervention that can
be adopted or adapted to local needs, depending on the
availability of financial and structural resources [31].

Resistance to newly released antimicrobials has turned
out to be a challenge for the optimal treatment of
infections with CRE that are resistant to these new anti-
microbials [32]. This highlights the need to also monitor
for resistance to new antimicrobials. In addition, WHO
sees a critical need for research and development of new
antibiotics targeting third-generation cephalosporin-
resistant and carbapenem-resistant Enterobacterales,
including K. pneumoniae and E. coli [33].
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Fig. 14 Klebsiella pneumoniae. Percentage of invasive isolates resistant to third-generation cephalosporins
(cefotaxime/ceftriaxone/ceftazidime), by country, EU/EEA, 2021
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Fig. 15 Klebsiella pneumoniae. Percentage of invasive isolates resistant to carbapenems (imipenem/meropenem), by
country, EU/EEA, 2021
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Pseudomonas aeruginosa
Epidemiology

For 2021, 29 EU/EEA countries reported 22479 isolates
of P. aeruginosa. Of these, 21419 (95.3%) isolates had
AST results for piperacillin-tazobactam, 21750 (96.8%)
for ceftazidime, 22129 (98.4%) for fluoroquinolones,
14537 (64.7%) for aminoglycosides and 22267 (99.1%)
for carbapenems (Table 7a).

In the EU/EEA, 31.0% of the P.aeruginosa isolates
reported to EARS-Net for 2021 were resistant to at least
one of the antimicrobial groups under surveillance
(piperacillin-tazobactam, fluoroquinolones, ceftazi-
dime, aminoglycosides and carbapenems) (Table 10). The
highest EU/EEA population-weighted mean resistance
percentage in 2021 was reported for fluoroquinolones
(18.7%) and piperacillin-tazobactam (18.7%), followed
by carbapenems (18.1%), ceftazidime (15.8%) and ami-
noglycosides (8.9%) (Table 7a).

Between 2017 and 2021, EU/EEA trends decreased sig-
nificantly for all but two antimicrobial groups under
surveillance (piperacillin-tazobactam and ceftazi-
dime). When restricting the analysis to include only
laboratories that continuously reported data for all
five years, the trends for fluoroquinolone and amino-
glycoside resistance remained statistically significant
while the carbapenem resistance did not (Table 7b). For

P. aeruginosa and aminoglycosides there was a consid-
erable change in the analysis as of 2020 that could affect
the results when compared with the period 2017-2019
(Table 7b).

Resistance to two or more antimicrobial groups was
common: found in 17.9% of all tested isolates (Table 10).
Between 2017 and 2021, the EU/EEA population-
weighted mean percentage of combined resistance,
defined as resistance to at least three of the antimicro-
bial groups under surveillance, significantly decreased
from 14.1% to 12.6% (Table 7b). Large inter-country vari-
ations were noted for all antimicrobial groups (Table 7a),
with reported AMR percentages generally higher from
southern and eastern Europe than northern Europe
(Fig. 16).

Discussion

EARS-Net data showed that at EU/EEA level, trends in
resistance decreased significantly for P. aeruginosa for
several of the antimicrobial groups under surveillance
during the period 2017 to 2021. Nevertheless, high
AMR percentages and combined AMR persisted in many
countries, especially in the eastern and south-eastern
parts of Europe. As P. aeruginosa is intrinsically resist-
ant to many antimicrobial agents, additional acquired
resistance is further complicating the treatment of
P. aeruginosa infections.

Table 10 Pseudomonas aeruginosa. Total number of invasive isolates tested (n = 13 689)® and AMR percentage (%) per

phenotype, EU/EEA, 2021

AMR pattern® Number of isolates Percentage of total

Fully susceptible (to included antimicrobial groups)
Single resistance (to indicated antimicrobial group)
Total (all single resistance types)

Carbapenems

Fluoroquinolones

Piperacillin-tazobactam

Other antimicrobial groups

Resistance to two antimicrobial groups

Total (all two-group combinations)
Piperacillin-tazobactam + ceftazidime
Fluoroquinolones + carbapenems

Other antimicrobial group combinations

Resistance to three antimicrobial groups

Total (all three-group combinations)
Piperacillin-tazobactam + ceftazidime + carbapenems
Piperacillin-tazobactam + ceftazidime + fluoroquinolones
Other antimicrobial group combinations

Resistance to four antimicrobial groups

Total (all four-group combinations)
Piperacillin-tazobactam + fluoroguinolones + ceftazidime + carbapenems
Other antimicrobial group combinations

Resistance to five antimicrobial groups

Piperacillin-tazobactam + fluoroquinolones + ceftazidime + aminoglycosides + carbapenems

9447 69.0
1796 134
769 5.6
670 4.9
M 15
146 11
1031 7.5
535 3.9
24 1.8
255 19
554 4.0
181 13
168 1.2
205 15
377 2.8
207 15
170 1.2
484 3.5

2 Only isolates with complete susceptibility information for piperacillin-tazobactam, ceftazidime, carbapenems (imipenem or meropenem), fluoroquinolones
(ciprofloxacin or levofloxacin) and aminoglycosides (tobramycin) were included in the analysis. This represented 60.9% (13 689/22 479) of all reported P. aeruginosa

isolates.
b Only AMR combinations » 1% of the total are specified.
¢ Not adjusted for population differences in the reporting countries.
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The public health implications of AMR in P. aeruginosa
should not be ignored, as P. aeruginosa remains one of
the major causes of healthcare-associated infection in
Europe [34]. In addition, a recent ECDC report based on
EARS-Net data estimated that in 2020 there were 67638
infections with carbapenem-resistant P. aeruginosa and
3210 deaths attributable to the same bacterial species
antimicrobial group combination [13].

Trends in P. aeruginosa cases might have been expected
to follow those observed for Acinetobacter spp. in this
report, given that it is also often linked to environmental
sources and the rate of ventilator use among hospital-
ised COVID-19. However the trends for P. aeruginosa
cases remained relatively unchanged. Pandemic-related
factors may partially explain this — for example, changes
in the lengths of hospital stays, and greater shielding
of patients at risk of both COVID-19 and P. aeruginosa
infection, such as cystic fibrosis patients. Nevertheless,
ECDC does not have incidence surveillance for pneu-
monias and lower respiratory tract infections, which,
for P. aeruginosa, are the site of three times as many
healthcare-associated infections [35].

An analysis based on 2016 EARS-Net data highlighted
that countries reporting high percentages of P. aer-
uginosa and Acinetobacter spp. bloodstream infections
among all reported bloodstream infections were also
those where the percentage of isolates with acquired
AMR in gram-negative bacteria was generally highest
[36]. This finding is probably attributable to shared risk
factors, such as a high consumption of broad-spectrum

antimicrobials and varying IPC practices in health-
care [37]. Addressing these factors and implementing
high standards of IPC in healthcare across these coun-
tries would probably have a positive impact, both on
the burden of infections caused by bacteria with high
levels of intrinsic AMR, such as P.aeruginosa and
Acinetobacter spp., and most likely also on bacteria with
acquired AMR.

At the global level, WHO has listed carbapenem-resist-
ant P. aeruginosa as a pathogen of critical priority that
requires research and the development of new antibiot-

ics [33].

Acinetobacter species
Epidemiology

For 2021, 29 EU/EEA countries reported 10885 isolates
of Acinetobacter spp., with four EU/EEA countries each
reporting fewer than 30 isolates. Compared to the num-
ber of reported isolates for 2019 (n=5375) the number
has more than doubled. Of the isolates reported for
2021, 10626 (97.6%) isolates had AST results for fluo-
roquinolones, 10399 (95.5%) for aminoglycosides and
10732 (98.6%) for carbapenems (Table 7a).

Almost three quarters (74.5%) of the Acinetobacter spp.
isolates reported by EU/EEA countries to EARS-Net for
2021 were resistant to at least one of the antimicrobial
groups under surveillance (fluoroquinolones, amino-
glycosides and carbapenems) (Table 11). The highest

Fig. 16 Pseudomonas aeruginosa. Percentage of invasive isolates with resistance to carbapenems (imipenem/

meropenem), by country, EU/EEA, 2021
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EU/EEA population-weighted mean AMR percentage in
2021 was reported for fluoroquinolones (43.0%), fol-
lowed by carbapenems (39.9%) and aminoglycosides
(39.6%) (Table 7a).

Between 2017 and 2021, a significant increasing trend
was detected for carbapenem and aminoglycoside resist-
ance in the EU/EEA (Table 7b). In 2021, relatively large
annual increases in resistance percentage were also
seen for aminoglycosides (2.6%), carbapenems (2.0%),
and fluoroquinolones (1.3%) at EU/EEA level compared
with the period 2017-2020 (Table 7b).

Among the laboratories that continuously reported data
during 2017-2021 (n=666), the increase in the number of
antimicrobial-resistant isolates was more pronounced in
2021, compared to the average for 2018 and 2019 (+121%
on average, for each of these three groups). In addition,
the population-weighted mean AMR percentage among
the continuously reporting laboratories increased by
more than 20% for each of these groups, with the per-
centage of isolates resistant to carbapenems reaching
48% in 2021 [11].

Resistance to one or two antimicrobial groups was con-
siderably less common than combined resistance to all
three groups under surveillance (Table 11). Between
2017 and 2021, the EU/EEA population-weighted mean
percentage for combined resistance to carbapenems,
fluoroquinolones and aminoglycosides significantly
increased - from 32.1% to 36.8%. When the analysis
was restricted to include only laboratories continuously
reporting data for all five years, the trend remained sta-
tistically significant (Table 7b).

Large inter-country variations were noted for all antimi-
crobial groups (Table 7a), with higher AMR percentages
generally reported from southern and eastern Europe
than northern Europe (see country profiles in Chapter 4
and Fig. 17). The largest increases in the number of
cases and AMR percentages of Acinetobacter spp.
were reported by countries that already had high AMR

percentages in their reported Acinetobacter spp. cases
prior to 2020.

Discussion

Of all the bacterial species under surveillance by EARS-
Net, Acinetobacter spp. used to be the least commonly
reported, but as of 2021 this is no longer the case.
Acinetobacter spp. had by far the largest annual increase
inthe number of reported isolates in both 2020 and 2021.
During the period 2017-2019, the number of isolates
was relatively stable (+/-10.0%). A recent publication
based on 2017-2021 EARS-Net data showed that a major
part of the increase in reported isolates in 2020-2021,
during the COVID-19 pandemic years, consisted of car-
bapenem-resistant infections in ICU patients, in the
countries with carbapenem resistance percentages in
Acinetobacter spp. exceeding 50% in 2018-2019 [38].
This recent development implies that the situation with
the Acinetobacter spp. in the EU/EEA has deteriorated
and indicates the need for reinforced Acinetobacter spp.
preparedness, and IPC in EU/EEA healthcare facilities.
This need for action is further emphasised by the recent
ECDC estimate that in 2020 3656 deaths were attribut-
able to carbapenem-resistant Acinetobacter spp. [13].

During the period 2020-2022, Acinetobacter spp. was
often reported as being the most frequent bacterial
coinfection for COVID-19 patients in hospitals, and
particularly 1CUs, in Europe, North America and the
Middle East, causing clonal outbreaks, with high case
fatality rates often associated with multidrug resist-
ance [39—-42]. The reasons for the increased number of
Acinetobacter spp. infections in many EU/EEA countries
warrant further investigation but are probably directly
related to changes in healthcare provision due to the
pandemic. Acinetobacter spp., and multidrug-resistant
strains in particular, are notoriously difficult to eradicate
from the hospital environment once established, surviv-
ing on dry surfaces, readily contaminating healthcare
providers’ hands, and being spread by asymptomatic
carriers [39]. Given the unprecedented patient loads in

Table 11 Acinetobacter species. Total number of invasive isolates tested (n = 10 206)? and AMR percentage (%) per

phenotype, EU/EEA, 2021

AMR pattern® Number of isolates Percentage of total

Fully susceptible (to included antimicrobial groups)
Single resistance (to indicated antimicrobial group)
Total (any single resistance)

Fluoroquinolones

Other antimicrobial groups

Resistance to two antimicrobial groups

Total (any two-group combinations)
Fluoroquinolones + carbapenems

Fluoroguinolones + aminoglycosides

Other antimicrobial group combinations

Resistance to three antimicrobial groups
Fluoroquinolones + aminoglycosides + carbapenems

2604 25.5
297 29
177 17
120 1.2
505 4.9
375 3.7
19 1.2

1 0.1

6800 66.6

3 Only isolates with complete susceptibility information for carbapenems (imipenem or meropenem), fluoroquinolones (ciprofloxacin or levofloxacin) and
aminoglycosides (gentamicin or tobramycin) were included in the analysis. This represented 93.8% (10 206/10 885) of all reported Acinetobacter spp. isolates.

b Only AMR combinations » 1% of the total are specified.
¢ Not adjusted for population differences in the reporting countries.
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ICUs in EU/EEA countries during the period 2020-2021,
even hospitals that rigorously and conscientiously
applied IPC practices may still have had opportuni-
ties for IPC breaches sufficient for Acinetobacter spp.
transmission [43]. This suggests a requirement for
Acinetobacter spp.-specific control interventions in the
affected hospitals [44].

The inter-country range in AMR percentages remains the
widest of all pathogens included in EARS-Net. In 2021,
the percentage of isolates resistant to at least one of the
antimicrobial groups under surveillance (fluoroquinolo-
nes, aminoglycosides or carbapenems) ranged between
0.0% and 99.5%, depending on the reporting country.
In general, the highest AMR percentages were reported
from southern and eastern Europe. The high levels of
AMR in these countries are of great concern since the
most frequently reported AMR phenotype was com-
bined resistance to all three antimicrobial groups under
surveillance, severely limiting options for patient treat-
ment. It should be pointed out that Acinetobacter spp.
are intrinsically resistant to many antimicrobial agents,
and hence additional acquired AMR is further complicat-
ing treatment of Acinetobacter spp. infections.

ECDC’s risk assessment on carbapenem-resistant
Acinetobacter baumannii in healthcare settings high-
lights the need for increased efforts to face this
significant threat to patients and healthcare systems in
all EU/EEA countries. The document outlines options to
reduce risks through clinical management; prevention of
transmission in hospitals and other healthcare settings;

prevention of cross-border transmission and improve-
ment in the preparedness of EU/EEA countries. Options
for response presented in the risk assessment include
timely laboratory reporting, screening and pre-emptive
isolation of high-risk patients, good IPC, rigorous envi-
ronmental cleaning and disinfection, and antimicrobial
stewardship programmes [44].

WHO has listed carbapenem-resistant A. baumannii as a
pathogen of critical priority in its global priority list of
antibiotic-resistant bacteria requiring research and the
development of new antibiotics [33].

Staphylococcus aureus
Epidemiology

For 2021, 29 EU/EEA countries reported 81163 isolates
of S. aureus. Of these, 78633 (96.9%) isolates had AST
results or molecular confirmation test results available
to determine MRSA (Table 7a).

A little less than one fifth (17.2%) of the S. aureus iso-
lates reported by EU/EEA countries to EARS-Net for 2021
were resistant to at least one of the antimicrobial groups
under surveillance (meticillin/MRSA, fluoroquinolones
and rifampicin) (Table 12).

The EU/EEA population-weighted mean MRSA percent-
age was 15.8% in 2021. This denotes a significantly
decreasing trend for the period 2017-2021, from 18.4%
to 15.8%, a trend that remained statistically significant

Fig. 17 Acinetobacter species. Percentage of invasive isolates with resistance to carbapenems (imipenem/meropenem),

by country, EU/EEA, 2021
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when the analysis was restricted to include only labora- Large inter-country variations were noted for MRSA
tories that continuously reported data for all five years (Table 7a), with generally higher AMR percentages
(Table 7b). reported from southern and eastern Europe than north-

ern Europe (Fig. 18).
With MRSA, combined resistance to anotherantimicrobial

group was common. The most common AMR combination
was MRSA and resistance to fluoroquinolones (Table 12).

Table 12 Staphylococcus aureus. Total number of invasive isolates tested (n = 60 432)* and AMR percentage (%) per
phenotype, EU/EEA, 2021

AMR pattern® Number of isolates Percentage of total®

Fully susceptible (to included antimicrobial groups) 50016 82.8
Single resistance (to indicated antimicrobial group)

Total (any single resistance) 4887 8.1

Fluoroquinolones 2860 4.7

MRSA 1778 2.9

Other antimicrobial groups 249 0.4

Resistance to two antimicrobial groups

Total (any two-group combinations) 5220 8.6

MRSA + fluoroquinolones 5133 8.5

Other resistance combinations 87 0.1

Resistance to three antimicrobial groups
MRSA + fluoroquinolones + rifampicin 309 0.5

3 Only isolates with complete susceptibility information for MRSA, fluoroquinolones and rifampicin were included in the analysis. This represented 74.5%
(60432/81163) of all reported S. aureus isolates. MRSA is based on AST results for cefoxitin or, if unavailable, oxacillin. AST results reported for cloxacillin,
dicloxacillin, flucloxacillin or meticillin are accepted as a marker for oxacillin resistance if oxacillin is not reported. If no phenotypic results are available, data
from molecular confirmation tests (detection of mecA gene PCR or a positive PBP2A-agglutination test) are accepted as a marker for MRSA. For fluoroquinolones
(ciprofloxacin, levofloxacin or ofloxacin) AST results for norfloxacin are also accepted if neither ciprofloxacin, levofloxacin nor ofloxacin results are available.
Only AMR combinations » 1% of the total are specified.

¢ Not adjusted for population differences in the reporting countries.

Fig. 18 Staphylococcus aureus. Percentage of invasive isolates resistant to meticillin (MRSA), by country, EU/EEA, 2021
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3 MRSA is based on AST results for cefoxitin or, if unavailable, oxacillin. AST results reported for cloxacillin, dicloxacillin, flucloxacillin or meticillin are accepted as
a marker for oxacillin resistance if oxacillin is not reported. If no phenotypic results are available, data from molecular confirmation tests (detection of mecA gene
PCR or a positive PBP2A-agglutination test) are accepted as a marker for MRSA.
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Discussion

In 2021, MRSA percentages were relatively stable
or declining in several EU/EEA countries [12], and a
decreasing EU/EEA population-weighted mean MRSA
percentage was noted. Several countries have devel-
oped and implemented national recommendations and
guidance documents on preventing the spread of MRSA,
focusing on improved IPC and prudent antimicrobial
use [30].

Despite this positive development, MRSA remains an
important pathogen in Europe, and percentages are still
high in several countries. S. aureus is one of the most
common causes of bloodstream infections, exhibiting a
high burden in terms of morbidity and mortality [13,22].
In ECDC’s study of the EU/EEA health burden of AMR
for the period 2016-2020, the second largest burden
of disease was caused by infections with MRSA [13].
Although the EU/EEA population-weighted MRSA per-
centage, as reported by EARS-Net, has been decreasing
for many years, ECDC’s study of the health burden of
AMR reported an increase in estimated MRSA incidence
between 2007 and 2015. Further analysis of the age-
group-specific incidence as part of the study found that
this mainly related to infants and people aged 55 years
or above [22]. A separate study based on EARS-Net data
for the period 2005-2018 highlighted the fact that the
decrease in the percentage of MRSA among S. aureus
bloodstream infections was mainly due to the increasing
number of meticillin-susceptible S. aureus bloodstream
infections. The seemingly conflicting results highlight
the need to improve surveillance of AMR by reporting
not only AMR percentages but also the number and

incidence of infections with antimicrobial-resistant bac-
teria such as MRSA [45].

Comprehensive MRSA strategies targeting all healthcare
sectors are essential to slow down the spread of MRSA in
Europe. At present, monitoring of MRSA in animals and
food is voluntary and is only performed in a limited num-
ber of countries. Nevertheless, this monitoring detected
MRSA, mainly livestock-associated MRSA (LA-MRSA),
in food and food-producing animals in 2019—2020 [17].
LA-MRSA has gained attention, as it poses a zoonotic
risk, particularly for those working in close contact with
livestock. Although data collected through EARS-Net
do not allow the identification of LA-MRSA isolates, an
ECDC survey documented an increasing detection and
geographical dispersion of LA-MRSA in humans in the
EU/EEA during the period 2007-2013 and highlighted
the veterinary and public health significance of LA-MRSA
as a ‘One-Health’ issue [46].

Streptococcus pneumoniae
Epidemiology

For 2021, 28 EU/EEA countries reported 9151 isolates
of S. pneumoniae. This is a slight increase compared to
2020 (n=8771) but continues to be considerably lower
than for 2017-2019 (n=14008-15608). The low figure
compared to previous years was also reflected in the
number of reported isolates with AMR phenotype in
the EU/EEA (Table 7b). Of the isolates reported, 8465
(92.5%) had AST results for penicillins and 8 758 (95.7%)
had AST results for macrolides (Table 7a).

Table 13 Streptococcus pneumoniae. Total number of invasive isolates tested (n = 5 952)* and percentage of non-wild-

type/AMR (%) per phenotype, EU/EEA, 2021

a

oo o

AMR pattern® Number of isolates Percentage of total
Fully susceptible (to included antimicrobial groups) 4512 75.8
Single non-wild-type/resistance (to included antimicrobial groups)

Total (any single resistance) 855 14.4
Penicillin non-wild-type¢ 402 6.8
Macrolides 385 6.5
Fluoroquinolones 67 11
Other antimicrobial group combinations 1 <01
Non-wild-type/resistance to two antimicrobial groups

Total (any two-group combinations) 556 9.3
Penicillin non-wild-type® + macrolides 535 9.0
Other antimicrobial group combinations 21 0.4
Non-wild-type/resistance to three antimicrobial groups

Total (any three-group combinations) 28 0.5
Other antimicrobial group combinations 28 0.5
Non-wild-type/resistance to four antimicrobial groups

Penicillin non-wild-type® + third-generation cephalosporins + fluoroquinolones + macrolides 1 <01

Only isolates with complete susceptibility information for penicillins (based on penicillin or, if unavailable, oxacillin), third-generation cephalosporins (cefotaxime
or ceftriaxone) and fluoroquinolones (levofloxacin or moxifloxacin — AST results for norfloxacin are also accepted if neither levofloxacin nor moxifloxacin results
are available) and macrolides (azithromycin, clarithromycin or erythromycin) were included in the analysis. This represented 65.0% (5 952/9 151) of all reported

S. pneumoniae isolates.

Only AMR combinations » 1% of the total are specified.

Not adjusted for population differences in the reporting countries.

For S. pneumoniae, the term penicillin non-wild-type is used in this report, referring to S. pneumoniae isolates reported by local laboratories as susceptible,
increased exposure (1) or resistant (R) to penicillin, assuming MIC to benzylpenicillin above those of wild-type isolates (> 0.06 mg/L). The qualitative susceptibility
categories (S/1/R) as reported by the laboratory are used, since quantitative susceptibility information is missing for a large part of the data.
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For this report, the term penicillin non-wild-type refers
to S. pneumoniae isolates reported by local laboratories
as susceptible, increased exposure (I) or resistant (R) to
penicillin, assuming MIC to benzylpenicillin above those
of the wild-type isolates (> 0.06 mg/L). The analysis was
based on the qualitative susceptibility categories S/I/R,
since quantitative susceptibility information was miss-
ing for a large part of the reported data.

More than one fifth (24.2%) of the S. pneumoniae iso-
lates reported by EU/EEA countries to EARS-Net for 2021
were resistant to at least one of the antimicrobial groups
under surveillance (penicillins, third-generation cepha-
losporins, fluoroquinolones and macrolides) (Table 13).
In 2021, the EU/EEA population-weighted mean percent-
age was 16.3% for penicillin non-wild-type and 18.3% for
macrolide resistance (Table 7a).

Between 2017 and 2021, the trend in the percentage
of penicillin non-wild-type resistance in the EU/EEA
increased significantly, with percentages increasing
from 14.0% to 16.3% (Table 7b). This trend remained
significant when the analysis was restricted to include
only laboratories that continuously reported data for all
five years. Although no significant increase in trend was
noted for resistance to macrolides, there was a relatively
large annual increase in AMR percentage at EU/EEA level
in 2021 (1.5%) compared with the annual changes in AMR

percentage at EU/EEA level during the period 2017-2020
(Table 7b).

The EU/EEA population-weighted mean percentage for
combined penicillin non-wild-type and resistance to
macrolides was 9.9% in 2021 but no significant trend
was noted during the period 2017 to 2021 (Table 7b).
Resistance to antimicrobial groups other than penicillin
and macrolides was less common (Table 13).

Large inter-country variations were noted for all antimi-
crobial groups (Table 7a, Fig. 19), with generally higher
macrolide resistance percentages reported from south-
ern and eastern Europe than northern Europe.

Discussion

Decreased circulation of pathogens in the community as
a result of NPIs introduced to reduce SARS-CoV-2 trans-
mission could potentially explain the decrease in the
number of S. pneumoniae isolates reported by EU/EEA
countries for 2020 and 2021 compared to 2017-2019.

Although the number of reported S. pneumoniae has
decreased, there was an increasing trend in the popu-
lation-weighted EU/EEA mean percentages for penicillin
non-wild-type between 2017 and 2021. However, there
were large inter-country variations. Differences in the
clinical breakpoints used historically to determine
penicillin susceptibility in S. pneumoniae (based on

Fig. 19 Streptococcus pneumoniae. Percentage of penicillin® non-wild-type® invasive isolates, by country, EU/EEA, 2021
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a Penicillin results are based on penicillin or, if unavailable, oxacillin.

. v w

b Fors. pneumoniae, the term penicillin non-wild-type is used in this report, referring to S. pneumoniae isolates reported by local laboratories as susceptible,
increased exposure (1) or resistant (R) to penicillin, assuming MIC to benzylpenicillin above those of wild-type isolates (> 0.06 mg/L). The qualitative susceptibility
categories (S/1/R) as reported by the laboratory are used, since quantitative susceptibility information is missing for a large part of the data.

Administrative boundries: © EuroGeographics

The boundaries and names shown on this map do not imply official endorsement or acceptance by the European Union. Map produced by ECDC on 23 February 2023.

47



Antimicrobial resistance surveillance in Europe 2023 — 2021 data

SURVEILLANCE REPORT

the guidelines used and the sites of infection) could
introduce bias when comparing national data reported
to EARS-Net before 2021. (Since 2019, there has been
a restriction introduced into EUCAST guidelines which
should lessen this particular aspect in the future).
Limited information on the guidelines and breakpoints
used for interpretation and incomplete quantitative
susceptibility data hamper assessment of inter-country
differences to some extent and may also influence the
assessment of changes over time.

In parallel with EARS-Net, surveillance of invasive pneu-
mococcal disease in the EU/EEA is covered by another
surveillance network - the European Invasive Bacterial
Disease Surveillance Network (EU-IBD), also coordi-
nated by ECDC. This network collects additional data
on invasive pneumococcal disease cases throughout
the EU/EEA - e.g. data on outcome [47]. Data from this
surveillance show that the percentage of resistance to
penicillin was 2% and to erythromycin 18%, based on
the reporting of antimicrobial susceptibility data by 10
countries in 2018 [47]. Itis, however, difficult to compare
data from the two surveillance systems due to differ-
ences - e.g. the number of reporting countries.

Most EU/EEA countries have implemented routine
immunisation for children with multivalent pneumo-
coccal conjugated vaccines (PCVs). In some countries,
high-risk adult groups, such as elderly people and
immunocompromised individuals, are also targeted with
the polysaccharide vaccine or with PCVs [48]. Changes
in immunisation and serotype coverage of the PCVs
available will probably have an impact on the epidemi-
ology of S. pneumoniae in the EU/EEA, both in terms
of changes in the age-specific incidence and potential
serotype replacement. It is also conceivable that the
ongoing COVID-19 pandemic and related public health
interventions and changes in antibiotic consumption
[49] may further affect S. pneumoniae epidemiology in
the EU/EEA.

Enterococcus faecalis
Epidemiology

For 2021, 29 EU/EEA countries reported 32337 isolates
of E. faecalis — 16301 (50.4%) with AST results for high-
level gentamicin (Table 7a). Over the last five years the
number of reported isolates of E. faecalis at EU/EEA level
has increased by 59.3% from 20299 isolates in 2017. At
the same time the number of reported isolates with AMR
phenotype in the EU/EEA increased from 13930 in 2017.

In 2021, the EU/EEA population-weighted mean percent-
age of high-level gentamicin resistance in E. faecalis
was 29.0%. This represents a small decrease since 2017,
when the percentage was 29.7%, and no change
compared to 2020, when the percentage was 29.0%
(Table 7b).

Large inter-country variations were noted for high-level
gentamicin resistance in E. faecalis (Table 7a), with gen-
erally higher AMR percentages reported from southern
and eastern Europe than northern Europe, with a few
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exceptions (see country profiles in Chapter 4). More
information is provided in ECDC’s Surveillance Atlas of
Infectious Diseases [12].

Discussion

While the number of isolates has increased, the essen-
tially unchanged high-level gentamicin resistance level
in E. faecalis noted by EARS-Net indicates that high lev-
els of antimicrobial-resistant enterococci remain a major
IPC challenge and an important cause of healthcare-
associated infections in Europe. In addition to the fact
that infections caused by resistant strains are difficult to
treat, enterococci are also easily disseminated in health-
care settings.

Enterococcus faecium
Epidemiology

For 2021, 29 EU/EEA countries reported 22 621 isolates of
E. faecium — 22315 (98.6%) with AST results for vancomy-
cin (Table 7a).

More than nine-tenths (93.0%) of the E. faecium isolates
reported by EU/EEA countries to EARS-Net for 2021 were
resistant to at least one of the antimicrobial groups under
surveillance (aminopenicillins, gentamicin (high-level
resistance) and vancomycin) (Table 14).

AMR to two or more antimicrobial groups was common -
seen in 56.4% of all tested isolates (Table 14).

The EU/EEA population-weighted mean percentage of
vancomycin resistance in E. faecium was 17.2% in 2021,
representing a significant increase since 2017 when the
percentage was 13.4%. The trend remained significant
when the analysis was restricted to include only labora-
tories that continuously reported data for all five years.

National percentages ranged from 0.0% to 66.4%
(Table 7a) and only 10 of the 29 EU/EEA countries reported
AMR percentages below 5.0% (Fig. 20). High vancomycin-
resistant E. faecium levels were reported from countries in
central, southern, and eastern Europe, as well as Ireland.

Discussion

The rapid and continuous increase in the percentage of
vancomycin resistance in E. faecium in the EU/EEA is
a cause for concern. A previous ECDC study of the AMR
health burden estimated that the median number of infec-
tions and deaths attributable to vancomycin-resistant
enterococci almost doubled between 2007 and 2015 [22].
A more recent ECDC study estimated that these infec-
tions increased from 47124 in 2016 to 117866 in 2020,
with a concomitant increase in the number of attributable
deaths from 1335 to 3414 [13]. The rise in the vancomycin
resistance percentage for E. faecium in 2021 noted in this
report contributes to a further increase in the health bur-
den of vancomycin-resistant enterococci infections.

The significantly increasing trend, observed at EU/EEA
level and in some individual countries, highlights the
urgent need for close monitoring to better understand
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the epidemiology, clonal diversity and risk factors asso-
ciated with vancomycin-resistant E. faecium infection.
Contrary to many other bacterial species—antimicrobial
group combinations under surveillance by EARS-Net, the
geographical pattern for vancomycin-resistant E. fae-
cium was slightly different, indicating high AMR levels
reported from countries in central, southern and eastern
Europe, as well as Ireland.

Enterococci have intrinsic resistance to several antimicro-
bial classes, and any additional acquired AMR severely

limits the number of treatment options. WHO has listed
vancomycin-resistant E. faecium as a pathogen of high
priority in its global priority list of antibiotic-resistant
bacteria, emphasising the paucity of available and
effective treatment options [33]. High levels of antimi-
crobial-resistant enterococci remain a major infection
control challenge and an important cause of healthcare-
associated infections in Europe. In addition to the fact
that infections caused by resistant strains are difficult to
treat, enterococci are also easily disseminated in health-
care settings.

Table 14 Enterococcus faecium. Total number of invasive isolates tested (n = 11 586)* and AMR percentage (%) per

phenotype, EU/EEA, 2021

AMR pattern® Number of isolates Percentage of total

Fully susceptible (to included antimicrobial groups)
Single resistance (to indicated antimicrobial group)
Total (any single resistance)

Aminopenicillins

Other antimicrobial groups

Resistance to two antimicrobial groups

Total (any two-group combinations)

Aminopenicillins + gentamicin (high-level resistance)
Aminopenicillins + vancomycin

Other resistance combinations

Resistance to three antimicrobial groups
Aminopenicillins + gentamicin (high-level resistance) + vancomycin

808 7.0
4242 36.6
4174 36.0
68 0.6
5236 45.2
4035 34.8
1194 10.3
7 0.1
1300 1.2

a Only isolates with complete susceptibility information for aminopenicillins (ampicillin or amoxicillin), gentamicin (high-level resistance) and vancomycin were
included in the analysis. This represented 51.2% (11 586/22 621) of all reported E. faecium isolates.

b Only AMR combinations » 1% of the total are specified.
¢ Not adjusted for population differences in the reporting countries.

Fig. 20 Enterococcus faecium. Percentage of invasive isolates resistant to vancomycin, by country, EU/EEA, 2021
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Armenia

Participating institutions
National Center for Disease Control and Prevention

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Armenia, 2017-2021

Estimated national population coverage (%)
Geographical representativeness
Hospital representativeness
Isolate representativeness
Blood culture sets/1 0oo patient days?
ND: no data available.

Definitions provided on page 11.
a Data are presented as mean (range).

ND Low
ND Low
ND Low
ND 3(1-3)

Low ND Low

Low ND Low

Low ND Low
7(2-9) ND 6 (2-10)

Laboratories contributing data: use of clinical breakpoint guidelines and participation in CAESAR EQA, Armenia,

2017-2021

Parameter
Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines
Percentage of laboratories participating in CAESAR EQA

ND: no data available.

ND 100

I T TR TN T
ND 90 100 ND 100

100 ND 100

Annual number of reporting laboratories,> number of reported isolates and percentage® of isolates reported from

patients in ICUs, Armenia, 2017—2021

2017

Bacterial species

E. coli

K. pneumoniae ND ND ND 3 6 NA
P. aeruginosa ND ND ND 1 2 NA
Acinetobacter spp. ND ND ND 1 1 NA
S. aureus ND ND ND 4 17 NA
S. pneumoniae ND ND ND 1 1 NA
E. faecalis ND ND ND 2 3 NA
E. faecium ND ND ND 2 3 NA

Labs: laboratories.
ND: no data available.
NA: not applicable.

4
1
3
1
4
1
2

ND

Labs | Isolates | Isolates abs Isolates | Isolates Labs Isolates | Isolates
(n) (n) from ICU (O] (n) from ICU ()] () |[froml
(%)

10

2 NA
6 NA
1 NA
13 NA
1 NA
2 NA
ND ND

Labs Isolates | Isolates Lab Isolates | Isolates
(n) (n) from ICU (n) (n) |fromICU
0/0

4
ND ND ND 4 13 NA
ND ND ND 3 7 NA
ND ND ND 2 6 NA
ND ND ND 4 42 74
ND ND ND 2 2 NA
ND ND ND 3 n NA
ND ND ND 2 2 NA

a8 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.
b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Armenia, 2021

@
= Male I Female [ Unknown

E. coli 9
K. pneumoniae 13

P. aeruginosa 7

Acinetobacter spp. 6
S. aureus 42

S. pneumoniae 2
E. faecalis 11

E. faecium 2

o 20 40 60 80 100

Sex (%)

54

(b)

04 [ 5-19
N 20-64 MM 65andover Em Unknown

E. coli 9
K. pneumoniae 13

P. aeruginosa 7

Acinetobacter spp. 6 n

S. aureus 42

S. pneumoniae 2
E. faecalis 11

E. faecium 2

o 20 4'0 6'0 80 100

Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Austria

Participating institutions

Federal Ministry of Health and Women’s Affairs
Medical University Vienna
Ordensklinikum Linz, Elisabethinen

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Austria, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ND ngh ngh H|gh H|gh
Hospital representativeness ND High High High High
Isolate representativeness ND High High High High
Blood culture sets/1 0oo patient days ND 24.2 ND ND ND

ND: no data available.
Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
‘Antimicrobial resistance surveillance in Europe 2022 - 2020 data’.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Austria,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100° 100° 100°
Percentage of laboratories participating in EARS-Net EQA 100 97 95 NA 100

NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,? number of reported isolates and percentage® of isolates reported from
patients in ICUs, Austria, 2017—2021

2017
()] from ICU n) (n) from ICU () (n) from ICU (n) (n) (n) fro(r:} ;CU

E. coli 39 5381 38 5686 38 6305 37 5394 8 5579 7
K. pneumoniae 39 1152 14 38 1228 14 38 1333 14 36 1133 17 36 1326 15
P. aeruginosa 39 725 16 38 737 16 38 808 13 36 727 18 36 788 16
Acinetobacter spp. 25 75 1 28 95 12 23 82 13 22 69 12 25 80 16
S. aureus 39 3162 14 38 3310 13 38 3419 12 36 2934 14 36 3444 14
S. pneumoniae 39 513 19 38 567 18 37 550 18 34 301 10 33 347 16
E. faecalis 38 769 19 38 837 17 37 792 16 35 840 2 36 898 23
E. faecium 38 573 31 35 524 28 34 537 33 32 509 30 31 701 36

Labs: laboratories.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b Isolates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Austria, 2021

@ (b) 0-4 519
= Male mm Female  mmm Unknown BN 20-64 HEM 65 and over [ Unknown
E. coli 5579 E. coli 5579
K. pneumoniae 1326 K. pneumoniae 1326
P. aeruginosa 788 P. aeruginosa 788
Acinetobacter spp. 80 N Acinetobacter spp. 80
S. aureus 3444 S. aureus 3 444
S. pneumoniae 347 S. pneumoniae 347
E. faecalis 898 E. faecalis 898
E. faecium 701 E. faecium 701
(') 2'0 4'0 6'0 8'0 10'0 0 20 4'0 6'0 80 100
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Belarus

Participating institutions

Laboratory for Clinical and Experimental Microbiology, Republican Research and Practical Center for Epidemiology and
Microbiology

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Belarus, 2017-2021

Estimated national population coverage (%) )90 )90

Geographical representativeness ngh High High H|gh H|gh
Hospital representativeness High High High High High
Isolate representativeness Low Low Low Low Low
Blood culture sets/1 000 patient days? ND ND ND 6(2-97) 8 (0-416)

ND: no data available.
Definitions provided on page 11.
3 Data are presented as mean (range).

Laboratories contributing data: use of clinical breakpoint guidelines and participation in CAESAR EQA, Belarus,
2017-2021

ND 25 25 25 25

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines
Percentage of laboratories participating in CAESAR EQA 25 29 14 13 NA

ND: no data available.
NA: not applicable.

Annual number of reporting laboratories,> number of reported isolates and percentage® of isolates reported from
patients in ICUs, Belarus, 2017—2021

2017
(n) (n) from ICU (n) (n) from ICU (n) (n) from ICU (n) (n) from ICU (n) (n) from ICU

E. coli

K. pneumoniae 29 494 59 27 589 64 35 575 61 39 66 58 58 1780 72

P. aeruginosa 20 97 70 13 74 66 20 55 73 24 55 37 37 274 77
Acinetobacter spp. 24 359 63 23 406 64 27 359 74 39 72 51 51 2079 81

S. aureus 35 329 43 30 365 46 38 353 43 43 42 58 58 666 52

S. pneumoniae 12 31 77 1 37 59 13 33 64 1 55 19 19 64 72

E. faecalis 21 145 48 16 16 48 18 12 42 24 53 31 31 232 69

E. faecium 18 98 58 13 12 59 20 81 52 20 67 24 24 324 61

Labs: laboratories.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which = 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Belarus, 2021

@ (b) 0-4 i 5-19
. Male I Female [ Unknown HEN 20-64 65 and over mm Unknown
E. coli 318 E. coli 318
K. pneumoniae 1780 K. pneumoniae 1780
P. aeruginosa 274 P. aeruginosa 274
Acinetobacter spp. 2079, Acinetobacter spp. 2079
S. aureus 666 S. aureus 666
S. pneumoniae 64 S. pneumoniae 64
E. faecalis 232 E. faecalis 232
E. faecium 324 E. faecium 324
t') 2'0 4'0 6'0 8'0 1c'>0 o 20 4'0 60 80 100
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Belgium

Participating institutions

Sciensano

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Belgium, 2017-2021

Estimated national population coverage (%)

Laboratories collecting S. pneumoniae 86 87 91 91

Laboratories collecting others species 30 26 36 43
Geographical representativeness High

Laboratories collecting S. pneumoniae High High High High

Laboratories collecting others species Medium Medium High High
Hospital representativeness High High High High High
Isolate representativeness High High High High High
Blood culture sets/1 000 patient days ND 99.1 87.5° 129.6° 100.8°

ND: no data available.

Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
Antimicrobial resistance surveillance in Europe 2022-2020 data.

a Not including S. pneumoniae network.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Belgium,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100* 100° 100?
Percentage of laboratories participating in EARS-Net EQA 90 82 91 NA 94

NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,? number of reported isolates and percentage® of isolates reported from
patients in ICUs, Belgium 2017—2021

| s [ am |

Bacterial species Labs | Isolates | Isolates ab Isolates | Isolates Labs Isolates | Isolates | Labs [ Isolates | Isolates | Labs [ Isolates | Isolates
(n) (n) from ICU (n) (n) from ICU (n) (n) from ICU (n) (n) |[froml ()] (n) |[fromICU

("/) (%)

31 NA

E. coli 4676 32 4675 27 3940 28 4320 4722

K. pneumoniae 31 803 NA 31 956 NA 26 759 NA 27 912 NA 30 926 NA
P. aeruginosa 31 474 NA 30 490 NA 27 44 NA 28 504 NA 30 479 NA
Acinetobacter spp. 21 131 NA 26 134 NA 23 94 NA 23 161 NA 28 169 NA
S. aureus 31 1531 NA 31 1750 NA 27 1169 NA 28 1455 NA 30 1615 NA
S. pneumoniae 91 1472 23 88 1526 NA 89 1548 NA 89 858 27 82 843 24
E. faecalis 31 551 NA 31 615 NA 26 496 NA 29 669 NA 31 712 NA
E. faecium 30 418 NA 30 44 NA 25 343 NA 26 494 NA 29 502 NA

Labs: laboratories.

NA: not applicable.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which = 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Belgium, 2021

@ (b) o-4  mms5-19
. Male mm Female  m=m Unknown N 20-64 WM 65 and over i Unknown
E. coli 4722 E. coli 4722
K. pneumoniae 926 K. pneumoniae 926
P. aeruginosa 479 P. aeruginosa 479
Acinetobacter spp. 169 " Acinetobacter spp. 169
S. aureus 1615 S. aureus 1615
S. pneumoniae 843 S. pneumoniae T 3 /3
E. faecalis 712 E. faecalis 712
E. faecium 502 E. faecium || 502
t') 2'0 4'0 6'0 8'0 1c'>o 0 20 4'0 60 80 100
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Bosnia and Herzegovina

Participating institutions

Clinical Microbiology Department, Clinical Center University of Sarajevo
Department of Clinical Microbiology, University Clinical Center

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Bosnia and
Herzegovina, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh H|gh H|gh
Hospital representativeness High High High High High
Isolate representativeness Medium Medium Medium Medium Medium
Blood culture sets/1 000 patient days? 9(3-19) 7 (3-24) 8 (3-30) 9 (4-52) 19 (6-52)

Definitions provided on page 11.
2 Data are presented as mean (range).

Laboratories contributing data: use of clinical breakpoint guidelines and participation in CAESAR EQA, Bosnia and
Herzegovina, 2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100 67 92 92 80
Percentage of laboratories participating in CAESAR EQA 100 83 92 92 100

Annual number of reporting laboratories, number of reported isolates and percentage® of isolates reported from
patients in ICUs, Bosnia and Herzegovina 2017-2021

2017
(n) from ICU (n) (n) from ICU (n) (n) from ICU (n) (n) from ICU (n) (n) from ICU

E. coli 9 179

K. pneumoniae 8 152 20 1 207 34 " M 34 10 207 48 9 280 51

P. aeruginosa 7 57 19 9 79 28 7 81 30 10 104 52 8 127 56
Acinetobacter spp. 6 124 48 8 141 61 8 229 64 10 348 69 9 689 81

S. aureus 9 158 19 1 228 15 9 237 15 1 198 27 9 276 2

S. pneumoniae 6 33 6 9 42 19 6 44 5 4 20 o%F 3 8 NA

E. faecalis 7 70 20 9 93 22 8 81 2 8 82 24 10 13 40

E. faecium 5 40 50 6 48 33 7 65 61 9 85 53 8 109 58

Labs: laboratories.

NA: not applicable.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b Isolates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which = 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

¢ A small number of isolates were tested (n < 30), and the percentage of isolates from ICUs should be interpreted with caution. See Annex 3 for more information.

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Bosnia and Herzegovina, 2021

@ (b) o-4  mmi5-19
= Male = Female == Unknown BN 20-64 M 65and over [ Unknown
E. coli 201 E. coli 201
K. pneumoniae 280 K. pneumoniae 280
P. aeruginosa 127 P. aeruginosa 127
Acinetobacter spp. 689 N Acinetobacter spp. 689 n
S. aureus 276 S. aureus 276
S. pneumoniae 8 S. pneumoniae 8
E. faecalis 113 E. faecalis 113
E. faecium 109 E. faecium 109
0 20 4'0 6'0 8'0 100 o) 2'0 4'0 6'0 8'0 1(')0
Sex (%) Age category in years (%)
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Bulgaria

Participating institutions
National Center of Infectious and Parasitic Diseases

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Bulgaria, 2017-2021

Estimated national population coverage (%)

Geographical representativeness Medium Med|um Medlum Medlum Medlum
Hospital representativeness Low Low Medium Medium Medium
Isolate representativeness High Medium Medium Medium Medium
Blood culture sets/1 0oo patient days 8.3 8.5 8.6 10.4 .4

Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
Antimicrobial resistance surveillance in Europe 2022-2020 data.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Bulgaria,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100? 100° 100?
Percentage of laboratories participating in EARS-Net EQA 95 100 100 NA 96

NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,> number of reported isolates and percentage® of isolates reported from
patients in ICUs, Bulgaria 2017—2021

(n) (n) |froml (n) () | from (n) (n) |fromICU| (n) () | fromIC ( (n) |fromICU
(%) (%) (%) (%) (%)
E. coli 20 22 292 22 23 352 23 23 261 19 22
K. pneumoniae 18 169 4 21 193 47 20 267 53 19 249 48 19 242 47
P. aeruginosa 16 il 28 18 90 36 16 107 40 17 70 51 15 83 45
Acinetobacter spp. 15 92 64 19 110 66 15 132 60 14 129 60 18 217 70
S. aureus 18 227 25 22 313 29 23 324 23 23 220 22 19 ALl 15
S. pneumoniae 12 29 38¢ 14 42 17 14 46 35 9 28 21° 6 1 NA
E. faecalis 17 133 28 20 150 34 20 150 35 19 165 | 21 190 37
E. faecium 17 84 42 20 9 49 17 99 31 16 77 57 13 148 62

Labs: laboratories.

NA: not applicable.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b Isolates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which = 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

¢ A small number of isolates were tested (n < 30), and the percentage of isolates from ICUs should be interpreted with caution. See Annex 3 for more information.

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Bulgaria, 2021

(a) (b) 0—4 [ ] 5-19
= Male  mmmFemale s Unknown BN 20-64 WM 65 and over [ Unknown
E. coli 263 E. coli 263
K. pneumoniae 242 K. pneumoniae 242
P. aeruginosa 83 P. aeruginosa 83
Acinetobacter spp. 217 Acinetobacter spp. 217
S. aureus 211 S. aureus 211
S. pneumoniae 11 S. pneumoniae 11
E. faecalis 190 E. faecalis |} 190
E. faecium 148 E. faecium 148
(') 2'0 4'0 6'0 8'0 160 o) 20 4'0 6'0 80 100
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Croatia

Participating institutions

Reference Center for Antimicrobial Resistance Surveillance
Ministry of Health Zagreb University Hospital for Infectious Diseases (Dr. Fran Mihaljevic)

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Croatia, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ND H|gh H|gh
Hospital representativeness ND High ND High High
Isolate representativeness ND High ND High High
Blood culture sets/1 0oo patient days ND ND ND 109.0 38.3

ND: no data available.
Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
Antimicrobial resistance surveillance in Europe 2022-2020 data.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Croatia,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100? 100° 100?
Percentage of laboratories participating in EARS-Net EQA 94 100 100 NA 87

NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,> number of reported isolates and percentage® of isolates reported from
patients in ICUs, Croatia, 2017—2021

2017
(n) (n) from ICU (n) (n) from ICU (n) (n) from ICU (n) (n) from ICU (n) (n) from ICU

E. coli 1160 1216 1123

K. pneumoniae 19 313 18 19 332 14 17 328 14 16 270 20 18 361 32
P. aeruginosa 17 238 17 17 200 16 15 185 15 18 165 32 15 214 45
Acinetobacter spp. 17 208 42 14 155 26 16 143 31 14 225 73 18 408 75
S. aureus 18 520 16 18 458 " 15 360 " 19 424 16 18 600 30
S. pneumoniae 16 130 13 17 146 9 16 156 20 12 55 17 14 80 23
E. faecalis 17 m 1l 16 145 12 14 127 16 16 162 23 17 199 38
E. faecium 12 89 12 1 Al 13 " 74 19 16 88 28 14 13 50

Labs: laboratories.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which = 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Croatia, 2021

@ (b) 0-4 i 5-19
. Male I Female [ Unknown HEN 20-64 65 and over mm Unknown
E. coli 729 E. coli | I 729
K. pneumoniae 361 K. pneumoniae 361
P. aeruginosa 214 P. aeruginosa 214
Acinetobacter spp. 408 " Acinetobacter spp. 408 n
S. aureus 600 S. aureus | N 600
S. pneumoniae 80 S. pneumoniae 80
E. faecalis 199 E. faecalis 199
E. faecium 113 E. faecium 113
t') 2'0 4'0 6'0 8'0 1c'>0 0 20 4'0 60 80 100
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Cyprus

Participating institutions
Microbiology Department, Nicosia General Hospital

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Cyprus, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh H|gh H|gh
Hospital representativeness High High High High High
Isolate representativeness High High High High High
Blood culture sets/1 0oo patient days 44.9 511 56.9 60.9 73.8

Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
Antimicrobial resistance surveillance in Europe 2022-2020 data.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Cyprus,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100? 100° 100?
Percentage of laboratories participating in EARS-Net EQA 100 100 100 NA 100

NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,> number of reported isolates and percentage® of isolates reported from
patients in ICUs, Cyprus, 2017—2021

2017

Bacterial species Isolates | Isolates abs Isolates | Isolates Labs Isolates | Isolates Labs Isolates | Isolates Lab Isolates | Isolates
(n) from ICU (n) (n) from ICU (n) (n) fror‘r’}u ; (n) (n) from ICU (n) (n) fror‘r,}DICU

E. coli 5 4 1 NA 4 4 192 13

K. pneumoniae 5 7 33 4 87 33 1 60 NA 4 86 29 4 14 35

P. aeruginosa 4 53 33 4 55 39 1 33 25 4 64 37 4 103 42

Acinetobacter spp. 5 50 46 3 57 53 1 32 69 4 58 60 3 216 80

S. aureus 5 129 26 4 " 17 1 63 23 4 106 n 4 177 39

S. pneumoniae 4 19 NA 3 16 NA 1 8 NA 3 5 NA 4 " NA

E. faecalis 5 70 30 4 87 34 1 37 20 4 75 0 4 139 57

E. faecium 5 # 26 4 45 37 1 32 38 3 43 32 4 84 46

Labs: laboratories.

NA: not applicable.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b Isolates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which = 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Cyprus, 2021

@) (b) 0-4 519
= Male = Female == Unknown N 20-64 M 65and over [ Unknown
E. coli 192 E. coli 192
K. pneumoniae 141 K. pneumoniae 141
P. aeruginosa 103 P. aeruginosa 103
Acinetobacter spp. 216 n Acinetobacter spp. 216 n
S. aureus 177 S. aureus 177
S. pneumoniae 11 S. pneumoniae 11
E. faecalis 139 E. faecalis 139
E. faecium 84 E. faecium 84
0 20 4'0 6'0 8'0 100 o) 2'0 4'0 6'0 8'0 1(')0
Sex (%) Age category in years (%)

68



bial resistance surveillance in Europe 2023 — 2021 data

Imicro

Ant

SURVEILLANCE REPORT

*s3110831e2 A1111q13dadsns ay) 10j B11311ID SAIR1dI9IUI JUSIBYYIP pasn aAey Aew groz—-Ztoz poliad ay) ul sjutodyealq jediuld 1SyYINI Suisn jou saliojeloqe] "ejep ay) jo 1ued asie) e 1oy SuISSIw S| uoljeWIOUL
ejijuenb adujs ‘pasn ale Aiojesoqe) ayy Aq pajsodal se (¥/1/S) saiio8aied A 1ndassns aaneyenb ayy *(1/8w 90°0 <) sajejos| adA3-pjim Jo asoy) aAnoqe u uad)Azuaq 01 J|W Sulwnsse ‘unjdiuad 0] (Y) JuelsiSal 1o (]) ainsodxa
daosns se saliojeloqe) |e20] 3y} Aq paliodal saje|os| apjuownaud s 0) Suliiayal ‘yiodas siy) uj pasn sj adAl-piim-uou uljdiuad wia) 8y} ‘avjuownaud *S 104 *U1]|1IBXO ‘D|qR|IBARUN JI ‘IO ad uo paseq ale sjjnsal

‘YSYW 404 Jodjiew e se pajdadde ale (1s9) uoljeuliniSse-yzdgd aAlsod e 1o ¥)d auas yIaw Jo uo1}da1ap) S1S9) UOIJEULIJUOD JB|NID|OW WOL) BIEP ‘B]qe)

12BX0 J1 9IUB)SISAI U]]IIBXO0 10J 133 ew B Se pajdadde aie ul])1d13dW 10 Uf)]IDBX0]IN]} “UI]]IIBXO0]IIP “Ul|]I2BX0]d J0j pajiodal S}INSal [ S "UIJ]IIBXO ‘d]R]IBABUN §I ‘10 UI}IX043D 10§ S}INS3I [ SY UO paseq S YSYW
*SpJeMUO 0Z0Z Wwoly uldAwelqol Ajuo sapnjoul dnois apisodhjSoulwe ayy

*SpIEMUO 0Z0Z Wo4j udAwelqoy pue updiwejuas Ajuo sapn)oul dnois apisodh|Soujwe ay|

‘pousad

9y} Sunnp Jeak Aue uj oz > Sem $]1B|0S| JO Jaquinu 3y} Jo ‘poliad ay) SulInp paiinido 32Inos elep ul aSueyd Juedyiusis e ‘sieak ||e o) pajiodal Jou aiam elep JeY) SaledIpul ajqedljdde Jou :yN ‘puai) Juedijiusis A]|ed13S1IRlS OU Sa)RIIPUl — fSiedh
aAly |1e 10 Ajsnonuijuod Suijiodal satiojesoqe) papn)out Ajuo jey) ejep ayj ul pualy Juediyiusis e Jo Wioj dy) Ul UOIIBWIIJUOD SIIRIIPUL 4 ‘BIRP ||BIBA0 3Y] Ul ‘A]aA1}dadsal ‘spual) Suisealdap pue Suisealdul Juediyiusis Ajjesnsieys ajearpur i pue
*(6z = u) sa113unod y33/n3 Suipiodas Suowe aSejuadiad aduRISISaL |RUOIIRU }SAYSIY PUR }SIMOT ¢

*(¥N) @1qeanjdde Jou se pajuasaid si aSejuadiad ay) ‘Jou | *s31]0S] 0Z= 10) 3)qe]IEAR BJB BEp JI AJuo pajuasald ate adAjouayd adue)sSiSal Yiim $31e|0S] Jo SaSRIUIIIRY o

*a)qeandde jou :yN

Amigndsasns a
paseadul 3]

synsai o1dAjouayd ou 4| "pajiodal jou

“—

©

- (799-0"0) TZL LS 78 [a £ 00§ [49 1'6S 14 6'ch [ dJue)sIsal uldAwoIuep wnyav] 3
- (¢95-£'9) 0'6T 08 8¢l 0y SL 00 VA 9Tl 18 98 0/ 9IURJSISI UIDIWRIUDS |AR]-ySIH sipaav) '3
(0'82-0'0) 6'6 ¥N 1 VN 9 VN 4 WN 7l VN I 559P1]0J2RW 0) IUB)SISAI pue ddA)-plim-uou unjdIuad pauiquio)
(0'9€-00) €81 VN I WN S WN 8 WN 7l WN 6l aaue)sisal (uAwoiyihia/upAwoiyiiie)d/unkwolyiize) aploioely
(£'5€-9'€) €91 YN I YN S YN [4 YN 9l YN 1 590A1-pIm-uou uljIUdg apjuownaud °s
(6727-6'0) 8'SL (X4 LI (X34 90l 9e 8% oy L1 rle F14 NSAW snany *§
(5°86-00) 8'9¢ 8'88 71T 6'GL 85 €18 49 8. [ 09/ 09 »53pIsodA|Soulwe pue sauojouinbolon)y ‘swauadeqied 0} 3IULISISAI pauIqUIo)
(8'86-1'7) 96  L'68 1z 9L 85 778 143 5L 15 0'9. 05 pRIUR)SISAI (UIAWRIGO}/UIdIW AU /Ul WRIUAS) BpIS0dA|Soulwy
(8'66-5'1) 0°€Y L'l6 9T 8'Z8 89 9'06 43 1'68 1 09 09 9IUB)SISAI (UIIBX0]J0A3]/u1deX0]j0idId) Buojounbolon)4
(566-0°0) 6'6€ 1'e6 9T 018 89 §/8 149 [ 19 0°9L 05§ ddue)sisal (wauadosaw/wauadiw) wauadeqie) *dds Ja3a0q030unYy

»(s9p1s0aA|Soujwe pue sauojouinboion)y ‘swauadeqied

- ('zr-00) 9Tl 9Ll 69 [ 6 [} [19 791 [19 7'6 19 ‘aw1pize}yad ‘wejdeqoze)-uyjioeladid Suowe) sdnois jeiqoudiwijue € 2 03 9IUBISISAI PaUIqUIO)

- (L'19-00) 6'8 7l 69 19 6% 0'¢ €€ €L 143 6l 49 ,92UB)SISA (UIAWRIGO)/UIdIW)IRU/UdIWeIUAS) 3pISod|Sourwy

- (087-€€) L'8lL gL €0l 9'0C €9 L'zl €€ %4 9 'S €5 32UR)SISal (U1IBX0)J0A3] /ulIeX0)j04d]2) BuOjOUINbosON) 4

- (6's7-5'€) L'sL §'he 48 9'0C €9 e €€ A 143 0L €5 due)sisal (wauadossw/wauadjwi) wausdeqie)

- (097-€7) 891 L 4} Sl €9 413 €€ 791 s vel €9 3)UR)SISAI DI

- (¢Ly-0'0) £'8L A 4} (A4 €9 [Al¥4 €€ 8Lt 99 sl €9 9IUBJS|SAI Wejdeqozel-uj)! psoubniab ‘4
- (r29-00) T'lT €6 9€L 9/l S8 A4 8¢ [ards 18 VAT v ,S3pISodA|Soulwe pue sauojouinbolon)y ‘suriodsojeydad uorjesauas-piiy} 03 aduey

- (1'69-00) L'€T 89¢ 9€L 7T 58 (874 85 89¢ 8 8'97 L »92UB}SISA (UIAwelqol/updiwau/upiwe)uss) apisodh|Soulwy

- (008-0°0) 9¢€ 961 L7l 009 98 L'le 09 7'6h 18 443 1L 9JURJSISAI (UIIBXO]J0/UIIBXO]JOAR]/uldBXO]j04d12) Buojouinboion)y

- (£'€4-070) L'LL 9 L7l 8'61 98 el 09 8Lt /8 §al 1L ddue)sisal (wauadosaw/wauadiw) wauadeqie)

- (7'18-1°€) €€ 9§ Il L1'%S 98 €8y 09 €8y 18 S9Y 1L 92UR)SISAI (3UIPIZR)J3I/UOXELI}J3I/aWIXR)}0492) Uliodsojeydad uorjesauas-piyL apjuownaud *y
= 8-y Ls 601 43 el 7Ll §'9 43 9'fL 151 76l 96l »53pIs0dASoulwe pue sauojouinboion)y ‘suriodsojeydad uojjesauas-piiy) 03 3IULISISAI PauIquio)

- (02z-1') 9°6 86l 4} L'z il 6°0L 6 6'6L 1l 8'lT 951 »dJUB)SISal (uppAwelqol/undiw)iau/uiweluss) apisodh|Soulwy

- (9°15-9'6) 6°LC 9'lS 6l (A3 Ll Se 6 7'ty 151 (X4 961 92UR)SISAI (UIIBXO0]J0/UIIBX0]J0AR)/UIIEXO0}J0Id12) Buojouinboon)y

- (1'1-0°0) T°0 0l w6l 00 Ll 00 6 0'C 0st €l 951 37ue)sisal (wauadolaw/wauadiwy) wauadeqie)

- (€L6-99) 8¢l 8'z¢ 4 8'6C 71l 10T 6 (WS 161 8'0€ 961 92UR]SISAI (3UIPIZRIJ32/aUOXRLI}J3)/aWIXR)I0J32) Ulodsojeydad uojjesauas-piyL

- (ToL-L1E) Les 0L L6l §L9 il Ay 6 619 16l 799 94l aue)sisal (uniduwe/ 1107 °3

queau pajysiam '
-uoijejndod % % % %
pu asues juase/dnois jeiqosdjwnuy sa1ads |ep)oeg

¥33/n3 2oz

tzoz-/toz ‘snidA) ‘puai) pue ueaw pajySiam-uojjejndod
‘aSuel y33/n3 tzoz ‘quasSe/dnois Jeiqosdiwijue pue sajads jelaldeq Aq ‘(%) 2dAjouayd adue)sisal yym saje)osi jo aSejuadsad pue (u) pasa) S9)eJ0S] SAISBAU] JO JaqUINU |e10L

69



Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Czechia

Participating institutions

National Institute of Public Health
National Reference Laboratory for Antibiotics

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Czechia, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh H|gh H|gh
Hospital representativeness High High High High High
Isolate representativeness High High High High High
Blood culture sets/1 0oo patient days 18.0 17.0 16.8 19.7 213

Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
Antimicrobial resistance surveillance in Europe 2022-2020 data.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Czechia,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100° 100° 100°
Percentage of laboratories participating in EARS-Net EQA 100 98 100 NA 88

NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,? number of reported isolates and percentage® of isolates reported from
patients in ICUs, Czechia, 2017—2021

2017

Bacterial species Isolates Isolates Isolates Isolates Isolates
()] ()] from ICU (O] (n) from ICU () (n) from ICU (n) (n) from ICU (n) (n) fro(r:} ;CU

E. coli 43 3201 18 48 3650 19 47 3565 16 48 3005 14 40 2939 16

K. pneumoniae 46 1330 29 48 1485 31 48 1563 27 48 1476 30 43 1618 33

P. aeruginosa 44 an 37 47 539 36 47 595 32 48 559 37 43 596 37

Acinetobacter spp. 17 55 31 2 91 32 20 95 48 20 82 44 21 122 52

S. aureus 47 1944 24 48 2244 24 49 2108 23 48 2090 24 44 2279 26

S. pneumoniae 46 366 26 47 378 26 49 387 27 43 204 32 46 228 23

E. faecalis 4 529 33 44 594 35 43 528 30 44 584 35 40 764 37

E. faecium 39 264 38 M 358 37 39 350 38 44 413 36 40 581 46

Labs: laboratories.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b Isolates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Czechia, 2021

(a) (b) 0—4 [ | 5-19
= Male mm Female = Unknown BN 20-64 HEM 65 and over EmE Unknown
E. coli 2939 E. coli | 2939
K. pneumoniae 1618 K. pneumoniae 1618
P. aeruginosa 596 P. aeruginosa 596
Acinetobacter spp. 122 Acinetobacter spp. 122
S. aureus 2279 S. aureus 2279
S. pneumoniae 228 S. pneumoniae 228
E. faecalis 764 E. faecalis 764
E. faecium 581 E. faecium 581
0 20 4'0 60 80 100 0 20 4'0 6'0 8'0 100
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Denmark

Participating institutions

Statens Serum Institut
Danish Study Group for Antimicrobial Resistance Surveillance (DANRES)

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Denmark, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh H|gh H|gh
Hospital representativeness High High High High High
Isolate representativeness High High High High High
Blood culture sets/1 000 patient days 138.5 171.2 191.7 236.4 251.0

Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
Antimicrobial resistance surveillance in Europe 2022-2020 data.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Denmark,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100° 100° 100°
Percentage of laboratories participating in EARS-Net EQA 91 82 100 NA 100

NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,? number of reported isolates and percentage® of isolates reported from
patients in ICUs, Denmark, 2017—2021

2017
()] ()] from ICU (O] (n) from ICU () (n) from ICU (n) (n) from ICU (n) (n) fro(r:} ;CU

E. coli 10 5123 2 10 5398 10 5613 2 10 5878 3 10 6025

K. pneumoniae 10 1186 3 10 1280 7 10 1361 3 10 1415 4 10 1346 4

P. aeruginosa 10 484 6 10 489 9 10 493 5 10 505 4 10 517 5

Acinetobacter spp. 9 68 5 8 55 8 9 72 6 9 66 6 10 103 "

S. aureus 10 1996 NA 10 2181 NA 10 2172 NA 10 2390 5 10 2545 5

S. pneumoniae 10 727 NA 10 760 NA 10 601 2 10 351 NA 10 334 NA

E. faecalis 10 674 6 10 606 8 10 632 5 10 651 7 10 686 6

E. faecium 10 786 30 10 782 28 10 737 23 10 795 21 10 802 28

Labs: laboratories.

NA: not applicable.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which = 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Denmark, 2021

@ (b) 0-4 i 5-19
. Male I Female [ Unknown HEN 20-64 65 and over mm Unknown
E. coli 6 025 E. coli 6 025
K. pneumoniae 1346 K. pneumoniae 1346
P. aeruginosa 517 P. aeruginosa 517
Acinetobacter spp. 03 Acinetobacter spp. 103
S. aureus 2545 S. aureus 2545
S. pneumoniae 334 S. pneumoniae 334
E. faecalis 686 E. faecalis 686
E. faecium 802 E. faecium 802
t') 2'0 4'0 6'0 8'0 1c'>0 0 20 4'0 60 80 100
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Estonia

Participating institutions

Estonian Health Board
East-Tallinn Central Hospital
Tartu University Hospital

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Estonia, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh H|gh H|gh
Hospital representativeness High High High High High
Isolate representativeness High High High High High
Blood culture sets/1 000 patient days 344 31.9 33.4 35.8 39.2

Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
Antimicrobial resistance surveillance in Europe 2022-2020 data.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Estonia,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100? 100? 100°
Percentage of laboratories participating in EARS-Net EQA 100 100 100 NA 91

NA: not applicable. In 2020 there was no EARS-Net EQA.
2 Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,® number of reported isolates and percentage® of isolates reported from
patients in ICUs, Estonia, 2017-2021

Bacterial species flrs:rtlaltglsl o ) flrs:rtlaltglsj
(%) (%)

E. coli 10 788 9 10 850 7 9 910 8 9 979 7 9 930 6
K. pneumoniae 10 161 20 9 206 17 9 179 18 9 199 13 9 235 14
P. aeruginosa 9 57 39 7 48 19 8 70 13 9 79 20 9 87 23
Acinetobacter spp. 9 16 NA 7 14 NA 5 16 NA 4 12 NA 3 5 NA
S. aureus 10 290 8 9 360 8 9 366 il 9 367 1 9 398 8
S. pneumoniae " 141 10 9 142 10 9 161 8 9 80 8 9 110 7
E. faecalis 10 7 23 8 88 20 9 93 18 9 108 19 7 85 9
E. faecium 10 52 37 7 64 36 7 74 43 8 61 16 6 83 35

Labs: laboratories.

NA: not applicable.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b Isolates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Estonia, 2021

@ (b) 0-4 519
= Male mm Female  mmm Unknown BN 20-64 HEM 65 and over [ Unknown
E. coli 930 E. coli 930
K. pneumoniae 235 K. pneumoniae 235
P. aeruginosa 87 P. aeruginosa 87
Acinetobacter spp. 5 N Acinetobacter spp. 5 n
S. aureus 398 S. aureus 398
S. pneumoniae 110 S. pneumoniae 110
E. faecalis 85 E. faecalis 85
E. faecium 83 E. faecium 83
(') 2'0 4'0 6'0 8'0 10'0 0 20 4'0 6'0 80 100
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Finland

Participating institutions

Finnish Institute for Health and Welfare
Finnish Study Group for Antimicrobial Resistance (FiRe)
Finnish Hospital Infection Program (SIRO)

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Finland, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh H|gh H|gh
Hospital representativeness High High High High High
Isolate representativeness High High High High High
Blood culture sets/1 000 patient days 154.9 150.1 160.4 1754 143.9

Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
Antimicrobial resistance surveillance in Europe 2022-2020 data.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Finland,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100? 100? 100°
Percentage of laboratories participating in EARS-Net EQA 94 94 89 NA 88

NA: not applicable. In 2020 there was no EARS-Net EQA.
2 Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,* number of reported isolates and percentage® of isolates reported from
patients in ICUs, Finland, 2017-2021

201 | ws [ amy [ a0 [ am

Sl S " | fomict o | femich " | fomict S
(%) (%) (%)

E. coli 20 5315 NA 19 5057 NA 19 5418 NA 18 5375 NA 19 5802 NA
K. pneumoniae 20 758 NA 19 810 NA 18 869 NA 17 901 NA 19 7 NA
P. aeruginosa 20 378 NA 19 391 NA 19 470 NA 17 433 NA 19 451 NA
Acinetobacter spp. " 37 NA 14 28 NA® 16 43 NA 12 37 NA 14 47 NA
S. aureus 20 2439 NA 18 2105 NA 19 2473 NA 18 2188 NA 19 2423 NA
S. pneumoniae 20 835 NA 19 662 NA 18 678 NA 18 293 NA 17 303 NA
E. faecalis 20 549 NA 19 528 NA 19 592 NA 18 566 NA 19 654 NA
E. faecium 20 301 NA 19 290 NA 19 291 NA 18 259 NA 18 262 NA

Labs: laboratories.

NA: not applicable.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b Isolates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

¢ Asmall number of isolates were tested (n < 30), and the percentage of isolates from ICUs should be interpreted with caution.

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Finland, 2021

@ (b) o-4  mEs5-19
= Male = Female  ==m Unknown BN 20-64 M 65and over [ Unknown
E. coli 5802 E. coli 5802
K. pneumoniae 971 K. pneumoniae 971
P. aeruginosa 451 P. aeruginosa 451
Acinetobacter spp. 47 Acinetobacter spp. 47
S. aureus 2423 S. aureus 2423
S. pneumoniae 303 S. pneumoniae 303
E. faecalis 654 E. faecalis 654
E. faecium 262 E. faecium 262
0 20 4'0 6'0 8'0 100 c') 2'0 4'0 6'0 8'0 1(')0
Sex (%) Age category in years (%)

76



bial resistance surveillance in Europe 2023 — 2021 data

Imicro

Ant

SURVEILLANCE REPORT

*UOIJBWIO4UI DI0W 10§ € XUUY 33 "UOIINED Y}IM pajaidiajul aq pinoys aduelsisal asejuadiad ay) pue ‘(0€ » u) pajsa) 219M S9)BJ0S| JO JaqWINU [|BWS

*sa1108931ed A3111q13dadsns ay} 10j BLIS}ID dAI3aIdIB]Ul JUBIRYIp pasn aAey Aew gToz-ZToz poliad ay} ul syujodyealq ediul)d [ SyInN3 Suisn jou saliojeloqeT "ejep ay) jo Jied asie) e 1oj SuISSIW S UoljeWIOUI !

Aiqndaosns aanpejipuenb aduls ‘pasn ale Alojeloqe) ay) Aq pajiodal se (y/]/S) sa1408a1ed A 13daasns aAnelenb ayy *(1/8w 90°0 <) sajejos| adA}-pjim Jo asoy) anoqe u uad)Azuaq 03 JW Sulwnsse ‘unjdiuad 03 () Juelsisal 1o (]) ainsodxa
pasealdul 31q11dadsns se saliojeloqe] |e20] 3y} Aq pajiodal saje|osi avjuownaud S 03 Suliiajal ‘y1odal siyy ul pasn st adAy-plim-uou uljdiuad wis) ay) ‘apjuownaud *S 104 * Jexo ‘sjqejieAeun ji ‘10 1uad uo paseq ale sjnsal ad g

*YSYW 404 Jodjiew e se pajdadde ale (3s9) uoljeulinjSse-yzdgd aAnsod e 1o ¥Y)d duas yraw Jo u01}Ia1ap) S1S9) UOIJBWIIJUOD JBINID|OW WOL) BIEP ‘D]R|IBAR DB
synsai d1dAjouayd ou Jj *pajsodai jou 12BX0 J| 9DURIS|SAL UJ]|I1IBXO0 104 13X 1B W B SB Pa}dadde a1 uljj1d11auW 10 UlJIIBXO0]IN} ‘UIJJIIBXO]DIP ‘UI|]IIBX0]) 40§ PA}i0dal SYNSaI LSY "UII|IIBXO ‘D]qR]IBARBUN JI 10 UIJIX043) 40§ S}NSAI LSY UO PIse] S| YSYW
*SpJemuo 0zoz wouj udAweiqol Ajuo sapnjoul dnois apisodhjSoulwe ayy
‘SpiBMUO 020Z Woly upAwelqo) pue updjwejuas Ajuo sapnjoul dnois apisodAjSoujwe ayy

‘pousad

ay) Sunnp Jeak Aue ul 0z » Sem $31e10S] JO Jaquinu 3y} Jo ‘poriad ayj Sulnp paiinddo 32inos ejep ul asueyd juedlyiusis e ‘sieak e 1oj pajiodal jou aiam ejep Jey) sajedipul ajqedijdde Jou :yN “puasi juediyiusis Ajjesisijels ou sajedipul — fsieak
aAly |1e 10 Ajsnonuijuod Suijiodal satiojesoqe) papn)oul Ajuo jey) ejep ayj ul pual) Juediyiusis e JO Wio) dy) Ul UOIIBWIIJUOD SIIRIIPUL , ‘BIeP ||BI2A0 BY) Ul ‘A]2A1}dadsal ‘spual) Suisealdap pue Suisealdul juedyiusis Ajjesnsieys ajeorpur i pue
‘(6T = u) sa13uno02 y33/n3 Suijiodas Suowe aSejuadiad adue)siSal |euolleu 1saysiy pue 1samo q

*(¥N) @1qeaijdde jou se pajuasaid si aSejuadiad ay) ‘Jou | *sa1e]0S] 02= 10) 3)qe]IeAR 4B B1ep JI AJuo pajuasald ate adAjouayd 9aue)sisal Yiim $91e]0S] Jo SaSRIUIIIRY o

*a)qedndde jou :yN

*3]qe]leAR BJEP OU QN

- (799-0"0) T'ZL 70 197 70 657 00 16T L'l 68 L0 L0€ 9Jue)sIsal ulAwoIuep wnyav) '3
YN (T'S5-L'9) 0°6C an an an an an an an an an an 3)UR)SIS3I UIIIWR)URS |3AR)-ySIH sijpaav) 3
- (0'82-0'0) 6'6 98 174 €l mt €9 12§ 8 165 19 129 559P1|0J2BW 0] 3UISISAI pue adA)-plim-ou udIuad pauguo)
- (09-00)€8L €€l 10€ 8l 88 oL 559 Iz £59 0l 808 3)ueysisal (uAwoiyyAa/uidhwoiyyiie)d/uidAwolyyze) apijo1dey
- (Lse-99 €9l 9l It ! 1414 0zl 65 Sl 009 SoL 869 s9dA)-pjim-uou urjjIUag apjuownaud s
- (6'27-6'0) 8SL 9T €t 9T 88LT €T (A4 X4 S0Le 1'c (944 NSAW snainp °§
- (5°86-00) 8'9€ 1T 1y 8T 9¢ 00 w 400 1T 00 9¢ »53pIsodA|Soulwe pue sauojounbolon)y ‘swauadeqied 0} 3IULISISAI pauIqUI0)
- (8'86-17) 9°'6€ N4 Al 't Jis 00 4 L [T 00 9¢ ,92UB]SISA (U1DAWeIGO]/uldIW)Iau/uldIWeIuaS) apisodjSoulwy
- (8'66-571) 0°tY x4 A4 €8 9¢ 00 & 40°0 87 1T Vi3 9IUB)SISAI (U1IBX0]J0A3]/u1deX0]j0idId) Buojounbolon)4
- (5°66-0°0) 6'6€ 1'c A% VA L€ 00 (27 400 8T L't L€ ddue)sisal (wauadossw/wauadiw) wauadeqie) +dds 4apapqojauny

5(s9p1s0aA|Soujwe pue sauojouinboion)y ‘swauadeqied

- (zr-00) 9Tl 9l (119 (%3 Ley 7T 194 6l 9/€ L€ 75¢ ‘awIpizeyyad ‘wejdeqoze;-ujjioesadid Suowe) sdnois jeiqosdiwijue € 2 03 3IULISISAI PauUIqUIO)
- (L'19-0'0) 6'8 60 15% 7l 134 L0 8St 0L 16€ 6l 8/¢ ,92ue)sisal (u1dAwelqoy/upiwiiau/upiweluas) apisodh|Soutwy
- (0°87-€7€) L'8L 86 89 ol Ley 68 89% 8Tl 9L€ Sl 94 3)UB)S|SaI (UIXO0]J0AR)/UIIRX0)J01d]2) Buojounbolon)y
= (657-5€) L'8L 4 Lsh JAS €€y €9 43 6 L6€ 9 ks a)ue)sisal (wauadosaw/wauadiw) wauadeqie)
- (09y-€7) 891 6 LS €5 23/ S €9y 7'y 06¢ 9 8.¢ 3)UR)SISAI DI
- (TLy-0'0) £'8L YA (19 §s 29/ 99 15 99 16€ 79 Ll€ 92UR)S|SAI Wejdeqozel-ul psouibnian ‘q
- (7°29-0'0) T'LT A4 126 g€ €68 [ 18 9l 1L 7T 9L ,S3pIsodA|Soulwe pue sauojouinbolon)y ‘suriodsojeydad uorjesauas-piiy 03 aduey
(1'69-00) L'€T (4 126 8¢ 106 4 L€8 9T YL 6T (144 »9IUB}SISA (UIAweqol/updiwau/upiwe)uss) apisodA|Soulwy
- (0°08-00) 9°€€ 'R 126 L €68 €L 598 €9 808 6L 95. 9JUBJSISAI (UIIBXO]J0/UIIBXO]JOAR]/uldBXO]j04d12) Buojouinboion)y
(£'€4-070) L'LL 00 126 10 106 70 058 9'0 018 €0 89/ 8)ue)sisal (wauadolaw/wauadiwy) wauadeqie)
- (7'18-1°€) £'7€ 9'q 16 [ 106 €9 898 (% 508 9'f w11/ 9IURJSISAI (3WIPIZR}J3I/3UOXRI}JI/aWIXLI0J2I) uliodsoleydad uoljelauas-paiyl apjuownaud *y
8-z LS 8l 6615 6l 9reS 4 15LS 0'C 86L1 7't LL6Y »S3pIs02A|3oulwie pue sauojouinboiony) ‘suriodsojeydad uojjeIauas-pily) 0} AIULISISAI PaUIGUI)
- (02z-1'9) 9°6 (% 7089 'S €LES 8y 6519 [ j9k:3 0'g [4:134 »9IURISIS (UDAWRIQO}/UpIW)IRU/UIWeIUaS) apIsod|Soutwy
(9'15-9'6) 6'LT 9'6 €089 SoL 75€S 7l oy g Sl €709 0zl S0€S 92UR)SISAI (UIIBXO0]J0/UIIBX0]J0AR)/UIIEXO]J0Id12) Buojouinboson)y
- (1-0'0) 20 00 1086 00 SIS 00 [£34 00 150§ 00 SLES adue)sisal (wauadossw/wauadjwi) wauadeqie)
- (€L6-99) 8¢l 99 6619 4 19€5 6L 4549 9/ 020§ 69 (9441 92UR]SISAI (3WIPIZRIJ32/aUOXRLI}J3D/aWIXRI0J32) Ulodsojeydad uojjesauas-piyL
ST (ToL-L1E) 1Es A LIL€ I'ye 8761 §'se 000€ (319 (1459 [413 .81 auejsisal (unoidwe;/ 1107 °3

queaw pajysiom

-uopyejndod Juase/dnois jeiqoiawnuy sapads |ela)eg

pue asuel
¥33/n3 reoz

1Z0oz-/10Z ‘puejuly ‘puai) pue ueaw pajysSiam-uojjejndod
‘aSuel y33/n3 tzoz ‘quasSe/dnois Jeiqosdiwijue pue sajdads jelaldeq Aq ‘(%) 2dAjouayd adue)sisal yym saje)osi jo aSejuadsad pue (u) pasa) S9)eJ0S] SAISBAU] JO JaqUINU |e10]

77



Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

France

Participating institutions

Santé Publique France

Since 2020: Surveillance and Prevention of Antimicrobial RESistance in hospital settings (SPARES)

National Reference Centre for Pneumococci (CNRP)

Up to 2019: French National Observatory for the Epidemiology of Bacterial Resistance to Antimicrobials (ONERBA)
through three participating networks: Azay-Résistance, Tle-de-France, Réussir

Population and hospitals contributing data: coverage, representativeness and blood culture rate, France, 2017-2021

Estimated national population coverage (%)

Laboratories collecting S. pneumoniae (CNRP) 58° 61 56 38 56

Laboratories collecting other species (SPARES network since 2020°) 22 21 20 48 55
Geographical representativeness High High High High High
Hospital representativeness High High High High High
Isolate representativeness High High High High High
Blood culture sets/1 000 patient days? 88.1 105.2 12.2 54.5 54.6

Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
‘Antimicrobial resistance surveillance in Europe 2022 — 2020 data’.
a Calculatlon based on proportion of hospital days in participating hospitals out of total hospital days in the country.
b Restricted to first half of the year.
¢ ONERBA laboratories up to 2019.
d Calculated excluding laboratories collecting S. pneumoniae.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, France,

2017-2021
Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100° 100° 100°
Percentage of laboratories participating in EARS-Net EQA 87 7 86 NA ND

ND: no data available.
NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,® number of reported isolates and percentage® of isolates reported from
patients in ICUs, France, 2017—2021

2017
Bacterial species Isolates Isolates Isolates . Isolat Isolates
(n) |fromICU| (n) () |fromICU|[ (n) (n) |fromICU () |froml (n) (n) |fromICU
(%) (%) (%) (% (%)
E. coli 13392 8 12645 13536 8 18939 18796 8
K. pneumoniae 54 2904 16 49 3043 17 46 3170 15 558 5078 16 545 4985 17
P. aeruginosa 36 Al 22 34 1902 25 45 2200 2 490 3656 26 489 3918 26
Acinetobacter spp. 52 475 17 47 498 1 45 515 17 241 710 10 219 737 "
S. aureus 54 6668 16 49 7097 15 46 6723 14 672 10967 12 661 11809 13
S. pneumoniae 169 614 NA 143 1045 NA 193 1264 NA 127 668 NA 194 1339 NA
E. faecalis 53 2259 20 48 2300 20 46 2526 19 508 4456 21 511 4736 22
E. faecium 53 1000 27 49 1001 27 46 1080 24 295 1428 28 31 1567 27

Labs: laboratories.

NA: not applicable.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which = 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, France, 2021

@ (b) 0-4  EWi5-19
= Male = Female  m=m Unknown BN 20-64 WEE65and over [ Unknown
E. coli 18796 E. coli 18796
K. pneumoniae 4985 K. pneumoniae 4985
P. aeruginosa 3918 P. aeruginosa 3918
Acinetobacter spp. 737 Acinetobacter spp. 737
S. aureus 11809 S. aureus 11809
S. pneumoniae 1339 S. pneumoniae 1339
E. faecalis 4736 E. faecalis 4736
E. faecium 1567 E. faecium 1567
0 20 4'0 6'0 80 100 (') 2'0 4'0 6'0 8'0 160
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Georgia

Participating institutions
Lugar Center for Public Health Research, National Center for Disease Control and Public Health

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Georgia, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh Medlum H|gh H|gh
Hospital representativeness High High High High High
Isolate representativeness Low Low Low Low Low
Blood culture sets/1 000 patient days? ND 1 (4-66) 6 (2-13) 5(0-33) 14 (0-204)

ND: no data available.
Definitions provided on page 11.
a Data are presented as mean (range).

Laboratories contributing data: use of clinical breakpoint guidelines and participation in CAESAR EQA, Georgia,
2017-2021

40 50 60 60 68

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines
Percentage of laboratories participating in CAESAR EQA 100 100 100 100 93

Annual number of reporting laboratories,? number of reported isolates and percentage® of isolates reported from
patients in ICUs, Georgia 2017—2021

oy | s [ am |

Bacterial species Isolates | Isolates Isolates Isolates Labs Isolates | Isolates Isolates | Isolat Lab: Isolates | Isolates
() [fromICU| (n) () [fromICU| (n) (n) [fromICU (n) (n) (n) |[fromICU

(%) (% ("/) (%)

9 85 93

E. coli 5 NA n 6 NA

K. pneumoniae 6 58 NA il 81 76 7 162 NA 16 205 NA 12 193 96
P. aeruginosa 5 16 NA 10 23 73¢ 8 64 78 9 56 NA 9 57 93
Acinetobacter spp. 6 35 NA 12 45 83 8 91 81 17 163 NA 13 215 NA
S. aureus 6 38 NA 12 67 55 8 144 74 16 180 NA " 161 97
S. pneumoniae 2 3 NA 3 3 NA 4 8 NA 2 7 NA 2 13 NA
E. faecalis 4 21 NA 5 12 NA 6 16 NA 9 42 NA 5 34 92
E. faecium 3 3 NA 3 4 NA 1 2 NA 3 9 NA 5 31 NA

Labs: laboratories.

NA: not applicable.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which = 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

¢ Asmall number of isolates were tested (n < 30), and the percentage of isolates from ICUs should be interpreted with caution. See Annex 3 for more information.

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Georgia, 2021

@) (b) 0-4 519
= Male = Female == Unknown N 20-64 M 65and over [ Unknown
E. coli 85 E. coli 85
K. pneumoniae 193 K. pneumoniae 193
P. aeruginosa 57 P. aeruginosa 57
Acinetobacter spp. 215 Acinetobacter spp. 215
S. aureus 161 S. aureus 161
S. pneumoniae 13 S. pneumoniae 13
E. faecalis 34 E. faecalis 34
E. faecium 31 E. faecium 31
0 20 4'0 6'0 8'0 100 o) 2'0 4'0 6'0 8'0 1(')0
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Germany

Participating institutions
Robert Koch Institute

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Germany, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh H|gh H|gh
Hospital representativeness Medium Medium Medium Medium Medium
Isolate representativeness High High High High High
Blood culture sets/1 0oo patient days 27.2 30.8 37.9 ND ND

ND: no data available.
Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
‘Antimicrobial resistance surveillance in Europe 2022 - 2020 data’.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Germany,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100? 100° 100°
Percentage of laboratories participating in EARS-Net EQA 91 91 95 NA 97

NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,® number of reported isolates and percentage® of isolates reported from
patients in ICUs, Germany, 2017—2021

2017
(n) (n) from ICU () () |fromICU|[ (n) (n) |fromICU| (n) (n) from ICU (n) (n) |fromICU
(%) (%) (%)
E. coli 22945 48 21994 15 23415 15 52 28462 15 56 29024 15
K. pneumoniae 55 3857 21 48 3974 22 47 4721 24 52 5994 24 56 6539 25
P. aeruginosa 55 1896 26 47 1792 26 46 2108 27 52 2662 25 55 2866 29
Acinetobacter spp. 50 543 17 45 529 15 46 467 15 50 609 il 53 606 19
S. aureus 56 13141 2 48 11924 2 47 11958 23 52 14431 23 56 15804 23
S. pneumoniae 54 2049 22 48 1916 24 46 2035 24 52 1357 27 54 1249 27
E. faecalis 56 4002 24 48 3638 23 47 3770 25 52 4630 24 56 4938 25
E. faecium 56 2648 40 47 2464 43 47 2801 48 52 3918 47 55 4732 49

Labs: laboratories.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b Isolates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which = 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Germany, 2021

(@ (b) 0-4  EW5-19
== Male mm Female === Unknown BN 20-64 HEM65and over EEE Unknown
E. coli 29 024 E. coli 29 024
K. pneumoniae 6539 K. pneumoniae 6539
P. aeruginosa 2866 P. aeruginosa 2866
Acinetobacter spp. 606 Acinetobacter spp. 606 n
S. aureus 15 804 S. aureus 15 804
S. pneumoniae 1249 S. pneumoniae 1249
E. faecalis 4938 E. faecalis 4938
E. faecium 4732 E. faecium 4732
0 20 4'0 60 80 100 6 2'0 4'0 6'0 8'0 160
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Greece

Participating institutions

National Public Health Organization, Central Public Health Laboratory
University of West Attica, Department of Public Health Policy, School of Public Health

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Greece, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh Medium H|gh ngh
Hospital representativeness High High Medium High High
Isolate representativeness High Medium Medium Medium Medium
Blood culture sets/1 0oo patient days ND ND ND ND ND

ND: no data available.
Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
‘Antimicrobial resistance surveillance in Europe 2022 - 2020 data’.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Greece,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100° 100° 100°
Percentage of laboratories participating in EARS-Net EQA 89 96 95 NA 85

NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,> number of reported isolates and percentage® of isolates reported from
patients in ICUs, Greece, 2017—2021

2017
(n) (n) from ICU () (n) from ICU (n) (n) from ICU (n) (n) from ICU (n) (n) from ICU

E. coli 1472 1642 6

K. pneumoniae 33 1363 38 36 1500 37 6 312 37 12 728 38 19 1418 49

P. aeruginosa 31 821 37 37 859 37 6 14 45 12 390 35 19 576 38
Acinetobacter spp. 32 1096 50 34 1015 48 5 196 45 12 742 47 19 1378 60

S. aureus 33 833 il 36 889 7 5 7 8 13 449 14 19 584 13

S. pneumoniae ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
E. faecalis 33 638 25 36 682 28 6 1M 26 " 376 28 19 687 38

E. faecium 31 412 26 35 529 25 5 17 32 12 460 39 18 964 47

Labs: laboratories.

ND: no data available.

Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

Isolates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which = 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

oo

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Greece, 2021

(@ (b) 0-4  mm5-19
. Male B Female m Unknown HEN 20-64 M 65and over mam Unknown
E. coli 729 E. coli 729
K. pneumoniae 1418 K. pneumoniae 1418
P. aeruginosa 576 P. aeruginosa 576
Acinetobacter spp. 1378 " Acinetobacter spp. 1378 n
S. aureus 584 S. aureus 584
S. pneumoniae ND S. pneumoniae ND
E. faecalis 687 E. faecalis 687
E. faecium 964 E. faecium 964
(') 2'0 4'0 6'0 8'0 160 0 20 4'0 6'0 80 100
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Hungary

Participating institutions
National Public Health Center

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Hungary, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ND ngh ngh H|gh H|gh
Hospital representativeness ND High High High High
Isolate representativeness ND High High High High
Blood culture sets/1 0oo patient days 1.5 12.2 123 17.2 22.0

ND: no data available.
Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
‘Antimicrobial resistance surveillance in Europe 2022 - 2020 data’.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Hungary,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100? 100° 100°
Percentage of laboratories participating in EARS-Net EQA 97 93 97 NA 100

NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,® number of reported isolates and percentage® of isolates reported from
patients in ICUs, Hungary, 2017-2021

2017
(n) (n) from ICU () () |fromICU|[ (n) (n) |fromICU| (n) (n) from ICU (n) (n) |fromICU

(%) (%) %)

E. coli 2061 2373 2413 1963 2474

K. pneumoniae 29 693 28 28 850 24 29 912 26 26 730 32 30 1110 33

P. aeruginosa 30 735 49 29 807 40 30 884 42 26 779 44 30 1226 57

Acinetobacter spp. 31 358 51 26 358 54 27 420 56 24 534 NA 29 1447 74

S. aureus 28 1566 19 27 1721 17 28 1884 16 28 1513 23 29 2359 22

S. pneumoniae 27 204 16 25 207 20 27 222 19 21 124 25 27 186 27

E. faecalis 30 769 38 29 750 36 30 816 37 28 962 49 31 1562 55

E. faecium 27 315 46 29 303 42 27 304 42 27 471 NA 30 710 NA

Labs: laboratories.

NA: not applicable.

a8 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Hungary, 2021

@ (b) 0-4 i 5-19
m Male mm Female e Unknown HEN 20-64 M 65and over mam Unknown
E. coli 2474 E. coli 2 474
K. pneumoniae 1110 K. pneumoniae 1110
P. aeruginosa 1226 P. aeruginosa 1226
Acinetobacter spp. 1447 Acinetobacter spp. 1447
S. aureus 2359 S. aureus 2359
S. pneumoniae 186 S. pneumoniae 186
E. faecalis 1562 E. faecalis 1562
E. faecium 710 E. faecium 710
6 2'0 4'0 6'0 8'0 1c'>o 0 20 4'0 60 80 100
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Iceland

Participating institutions

National University Hospital of Iceland
Centre for Health Security and Infectious Disease Control
Akureyri Hospital

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Iceland, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ND ngh ngh H|gh H|gh
Hospital representativeness ND High High High High
Isolate representativeness ND High High High High
Blood culture sets/1 000 patient days ND 50.6 61.6 61.3 64.4

ND: no data available.
Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
‘Antimicrobial resistance surveillance in Europe 2022 - 2020 data’.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Iceland,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100° 100° 100°
Percentage of laboratories participating in EARS-Net EQA 100 50 100 NA 100

NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,? number of reported isolates and percentage® of isolates reported from
patients in ICUs, Iceland, 2017—2021

2017
()] from ICU (O] from () (n) from ICU (n) (n) | from IC! (n) (n) |[fromICU
(%) (%) (%)
E. coli 2 2 2 2 2 2 1
K. pneumoniae 2 17 NA 2 16 NA 2 23 0° 2 32 3 2 29 4
P. aeruginosa 1 17 NA 2 12 NA 2 22 14¢ 2 25 19¢ 2 32 7
Acinetobacter spp. 1 6 NA 1 2 NA 1 3 NA 1 3 NA 1 8 NA
S. aureus 2 69 10 2 82 9 2 121 4 2 116 6 2 96 4
S. pneumoniae 2 27 4¢ 2 31 3 2 44 0 2 20 0¢ 2 16 NA
E. faecalis 2 33 9 2 30 7 2 35 9 2 30 7 2 37 6
E. faecium 1 17 NA 2 16 NA 2 13 NA 2 19 NA 2 18 NA

Labs: laboratories.

NA: not applicable.

a8 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which = 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

¢ Asmall number of isolates were tested (n < 30), and the percentage of isolates from ICUs should be interpreted with caution. See Annex 3 for more information.

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Iceland, 2021

@) (b) o-4  mmi5-19
mm Male  mmmFemale s Unknown BN 20-64 W65 and over [ Unknown
E. coli 278 E. coli 278

K. pneumoniae 29 K. pneumoniae 29

P. aeruginosa 32 P. aeruginosa 32
Acinetobacter spp. 8 " Acinetobacter spp. 8 n

S. aureus 96 S. aureus 96

S. pneumoniae 16 S. pneumoniae 16

E. faecalis 37 E. faecalis 37

E. faecium 18 E. faecium 18

('> 2'0 4'0 6'0 8'0 1c'>0 0 20 4'0 60 80 100
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Ireland

Participating institutions
Health Protection Surveillance Centre

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Ireland, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh H|gh H|gh
Hospital representativeness High High High High High
Isolate representativeness High High High High High
Blood culture sets/1 0oo patient days 58.0 57.3 58.9 56.5 56.5

Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
‘Antimicrobial resistance surveillance in Europe 2022 - 2020 data’.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Ireland,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100? 100° 100?
Percentage of laboratories participating in EARS-Net EQA 85 87 84 NA ND

ND: no data available.
NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,® number of reported isolates and percentage® of isolates reported from
patients in ICUs, Ireland, 2017—2021

2017
(n) (n) from ICU () () |fromICU|[ (n) (n) |fromICU| (n) (n) from ICU (n) (n) |fromICU

(%) (%) (%)
E. coli 3125 3239 NA 3233 2851 32 2906 NA
K. pneumoniae 35 479 NA 34 483 NA 30 527 NA 33 487 NA 31 502 NA
P. aeruginosa 33 288 NA 29 273 NA 27 276 NA 26 264 NA 26 280 NA
Acinetobacter spp. 23 66 NA 17 62 NA 21 66 NA 17 54 NA 17 68 NA
S. aureus 37 1144 NA 37 1188 NA 32 1146 NA 31 1024 NA 32 1213 NA
S. pneumoniae 31 412 NA 32 455 NA 27 348 NA 27 177 NA 24 168 NA
E. faecalis 33 340 NA 36 332 NA 30 301 NA 31 312 NA 31 349 NA
E. faecium 33 442 NA 30 419 NA 27 443 NA 26 472 NA 25 603 NA

Labs: laboratories.

NA: not applicable.

a8 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Ireland, 2021

@ (b) 0-4 i 5-19
m Male mm Female e Unknown HEN 20-64 M 65and over mam Unknown
E. coli 2906 E. coli 2906
K. pneumoniae 502 K. pneumoniae 502
P. aeruginosa 280 P. aeruginosa 280
Acinetobacter spp. 68 N Acinetobacter spp. 68 n
S. aureus 1213 S. aureus 1213
S. pneumoniae 168 S. pneumoniae 168
E. faecalis 349 E. faecalis 349
E. faecium 603 E. faecium 603
6 2'0 4'0 6'0 8'0 1c'>o 0 20 4'0 60 80 100
Sex (%) Age category in years (%)
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Italy

Participating institutions
National Institute of Health

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Italy, 2017-2021

Estimated national population coverage (%)

Geographical representativeness Medium ngh ngh H|gh H|gh
Hospital representativeness ND High High High High
Isolate representativeness ND High High High High
Blood culture sets/1 0oo patient days ND 55.4 ND 57.0 66.6

ND: no data available.
Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
‘Antimicrobial resistance surveillance in Europe 2022 - 2020 data’.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Italy,

2017-2021
Parameter mmmm
Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100? 100° 100°
Percentage of laboratories participating in EARS-Net EQA 97 95 95 NA 98

NA: not applicable. In 2020 there was no EARS-Net EQA.

a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,® number of reported isolates and percentage® of isolates reported from
patients in ICUs, Italy, 2017-2021

Bacterial species

E. coli

K. pneumoniae

P. aeruginosa
Acinetobacter spp.
S. aureus

S. pneumoniae

E. faecalis

E. faecium

Labs: laboratories.

2017
WWWWWWWWW
(n) (n) |fromICU| (n) () |fromICU|[ (n) (n) |fromICU
% (%)
7478 16539 18866
55 2720 27 98 5913 23 123 7782 22
54 1455 25 95 3050 23 124 3895 23
48 878 42 92 1392 42 100 1651 38
55 4213 16 97 8581 12 125 9943 "
52 673 9 80 1160 9 100 1351 10
55 2004 26 94 4153 19 122 4705 18
54 1085 22 92 2304 19 18 2878 19

WWWWWW
(] () |fromICU|[ (n) (n) |fromICU
(%)
19086 21292
147 8597 24 134 9202 23
145 4678 27 134 4759 25
123 2577 48 13 2783 52
149 11164 14 132 11856 13
109 685 10 101 660 13
149 6354 28 130 7152 25
138 4243 26 131 4890 24

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.
b Isolates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which = 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Italy, 2021

@

E. coli

K. pneumoniae

P. aeruginosa
Acinetobacter spp.
S. aureus

S. pneumoniae

E. faecalis

E. faecium

92

I Male I Female [ Unknown

21292

9202

2783
1185
660
e 7152
4890
o 20 4'0 60 80 100
Sex (%)

(b)

E. coli

K. pneumoniae

P. aeruginosa
Acinetobacter spp.
S. aureus

S. pneumoniae

E. faecalis

E. faecium

04 [ 5-19
HEN 20-64 M 65and over mam Unknown

o 20 4'0 6'0 8'0

Age category in years (%)

21292
9202
4759
2783 n
11 856
660
7152

4890
100
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Kazakhstan

Participating institutions

Scientific and Practical Center for Sanitary and Epidemiological Expertise and Monitoring, National Center for Public

Health, Ministry of Health

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Kazakhstan,

2017-2021

Estimated national population coverage (%)
Geographical representativeness
Hospital representativeness
Isolate representativeness
Blood culture sets/1 000 patient days®
ND: no data available.

Definitions provided on page 11.
2 Data are presented as mean (range).

ND ND
ND ND
ND ND
ND ND

ND ND Low
ND ND Low
ND ND Low
ND ND 12(3-21)

Laboratories contributing data: use of clinical breakpoint guidelines and participation in CAESAR EQA, Kazakhstan,

2017-2021

Parameter
Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines
Percentage of laboratories participating in CAESAR EQA

ND: no data available.

ND ND

ND ND 43

Annual number of reporting laboratories,? number of reported isolates and percentage® of isolates reported from

patients in ICUs, Kazakhstan, 2017—2021

2017

Bacterial species

E. coli

K. pneumoniae ND ND ND ND ND ND
P. aeruginosa ND ND ND ND ND ND
Acinetobacter spp. ND ND ND ND ND ND
S. aureus ND ND ND ND ND ND
S. pneumoniae ND ND ND ND ND ND
E. faecalis ND ND ND ND ND ND
E. faecium ND ND ND ND ND ND

Labs: laboratories.
NA: not applicable.
ND: no data available.

Labs | Isolates | Isolates Labs Isolates Isolates
(n) (n) fromICU (O] (n) |[fromICU
0/
(%)

ND
ND
ND
ND
ND
ND
ND

Labs Isolates | Isolates Labs Isolates
()] (n) from ICU ()] (n) (
%)

ND ND
ND ND
ND ND
ND ND
ND ND
ND ND
ND ND

Isolates
from |

ND ND ND 1 3
ND ND ND ND ND
ND ND ND 1 1
ND ND ND ND ND
ND ND ND 1 2

ND ND ND ND ND
ND ND ND ND ND

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.
b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Kazakhstan, 2021

@

. Male m Female = Unknown
E. coli
K. pneumoniae
P. aeruginosa
Acinetobacter spp.
S. aureus
S. pneumoniae
E. faecalis
E. faecium

O ON O OWWw

40 60 80
Sex (%)

100

94

(b)

E. coli

K. pneumoniae

P. aeruginosa
Acinetobacter spp.
S. aureus

S. pneumoniae

E. faecalis

E. faecium
I
o 20

0—4  5-19
N 20-64 M 65and over B Unknown

O ON O OWwWwWw

' 4'0 6'0 8'0 1(')0
Age category in years (%)

I TN TN ™ T
ND ND ND ND 50

Isolates

Labs Isolates
(n) |[fromICU
0/0

NA
ND
NA
ND
NA
ND
ND
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Kosovo!

Participating institutions
National Institute of Public Health

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Kosovo?, 2017-2021

Estimated national population coverage (%)

Geographical representativeness Med|um Med|um ngh H|gh Medlum
Hospital representativeness Low Low High High Low
Isolate representativeness Low Low Low Low Low
Blood culture sets/1 000 patient days? 6 5 5(5-6) 6 (6-6) 7

Definitions provided on page 11.
3 Data are presented as mean (range).

Laboratories contributing data: use of clinical breakpoint guidelines and participation in CAESAR EQA, Kosovo',
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines
Percentage of laboratories participating in CAESAR EQA 100 100 100 50 100

Annual number of reporting laboratories,* number of reported isolates and percentage® of isolates reported from
patients in ICUs, Kosovo?, 2017-2021

Bacterial species Isolates Isolates

from ICU (n) |[fromICU

(%) (%)

E. coli 1 19 NA 1 12 NA 2 17 NA 2 10 NA 1 10 NA
K. pneumoniae 1 38 3 1 66 94 2 55 84 2 77 al 1 90 98
P. aeruginosa 1 19 NA 1 13 NA 2 14 NA 1 2 NA 1 4 NA
Acinetobacter spp. 1 70 10 1 70 93 1 45 98 2 59 88 1 93 88
S. aureus 1 19 NA 1 26 54¢ 2 29 31 2 14 NA 1 16 NA
S. pneumoniae 1 4 NA 1 4 NA 1 3 NA ND ND ND 1 3 NA
E. faecalis 1 n NA 1 il NA 2 16 NA 2 7 NA 1 10 NA
E. faecium 1 8 NA 1 5 NA 2 7 NA 2 4 NA 1 8 NA

Labs: laboratories.

NA: not applicable.

ND: no data available.

a8 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which = 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

¢ Asmall number of isolates were tested (n < 30), and the percentage of isolates from ICUs should be interpreted with caution. See Annex 3 for more information.

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Kosovo?, 2021

@) (b) 0-4 519
= Male = Female == Unknown N 20-64 M 65and over [ Unknown
E. coli 10 E. coli 10
K. pneumoniae 90 K. pneumoniae 90
P. aeruginosa 4 P. aeruginosa 4
Acinetobacter spp. CER Acinetobacter spp. 93 |
S. aureus 16 S. aureus 16
S. pneumoniae 3 S. pneumoniae 3
E. faecalis 10 E. faecalis 10
E. faecium 8 E. faecium 8
0 20 4'0 6'0 8'0 100 o) 2'0 4'0 6'0 8'0 1(')0
Sex (%) Age category in years (%)

1 This designation is without prejudice to positions on status, and is in line with UN Security Council Resolution 1244 and the International Court of Justice
Opinion on the Kosovo Declaration of Independence.
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Latvia

Participating institutions
Disease Prevention and Control Center of Latvia

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Latvia, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh H|gh H|gh
Hospital representativeness Medium Medium Medium Medium Medium
Isolate representativeness Medium Medium Medium Medium Medium
Blood culture sets/1 0oo patient days 6.1 8.0 9.5 13.8 17.0

Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
‘Antimicrobial resistance surveillance in Europe 2022 - 2020 data’.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Latvia,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100? 100° 100?
Percentage of laboratories participating in EARS-Net EQA 88 100 100 NA ND

ND: no data available.
NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,® number of reported isolates and percentage® of isolates reported from
patients in ICUs, Latvia, 2017-2021

2017

(n) (n) from ICU () () |fromICU|[ (n) (n) |fromICU| (n) (n) from ICU (n) (n) |fromICU
(%) (%) %)

E. coli

K. pneumoniae 7 116 4 13 204 36 9 198 32 9 189 29 10 253 38
P. aeruginosa 4 14 NA 4 39 31 6 49 44 9 43 31 9 78 51
Acinetobacter spp. 7 34 62 7 51 65 8 46 61 7 52 54 8 82 67
S. aureus " 229 22 14 376 20 1 422 20 10 355 21 1 457 15
S. pneumoniae 9 53 38 7 69 38 6 79 33 5 42 38 7 56 22
E. faecalis 8 74 38 10 89 38 10 100 25 9 98 28 10 161 39
E. faecium 5 39 54 7 49 Al 8 58 43 9 62 48 8 13 60

Labs: laboratories.

NA: not applicable.

a8 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Latvia, 2021

@ (b) oy g
= Male mm Female  mmm Unknown BN 20-64 M 65and over [ Unknown
E. coli 394 E. coli 394
K. pneumoniae 253 K. pneumoniae 253
P. aeruginosa 78 P. aeruginosa 78
Acinetobacter spp. 82 n Acinetobacter spp. 82 n
S. aureus 457 S. aureus 457
S. pneumoniae 56 S. pneumoniae 56
E. faecalis 161 E. faecalis 161
E. faecium 113 E. faecium 113
0 20 4'0 60 80 100 o 20 4'0 6'0 8'0 100
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Lithuania

Participating institutions

National Public Health Surveillance Laboratory
Institute of Hygiene

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Lithuania, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh H|gh H|gh
Hospital representativeness High High High High High
Isolate representativeness High High High High High
Blood culture sets/1 000 patient days 6.3 53 6.1 8.1 9.8

Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
‘Antimicrobial resistance surveillance in Europe 2022 - 2020 data’.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Lithuania,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100° 100° 100°
Percentage of laboratories participating in EARS-Net EQA 100 94 89 NA 100

NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,? number of reported isolates and percentage® of isolates reported from
patients in ICUs, Lithuania, 2017—2021

2017

Bacterial species Isolates Isolates Isolates Isolates Isolates
()] ()] from ICU (O] (n) from ICU () (n) from ICU (n) (n) from ICU (n) (n) fro(no} ;CU

E. coli 1109 1132 1142 1154

K. pneumoniae 15 326 30 17 371 24 17 440 28 16 413 25 14 512 29

P. aeruginosa 13 89 36 13 101 32 17 104 32 15 ” 26 12 162 35

Acinetobacter spp. 12 87 56 13 88 58 13 108 57 12 157 n 13 361 78

S. aureus 16 515 20 18 693 24 18 656 2 17 704 22 16 746 2

S. pneumoniae 14 109 27 13 93 29 16 120 38 14 96 22 15 109 25

E. faecalis 13 m 26 14 138 25 15 143 30 14 140 28 14 183 41

E. faecium 13 80 33 14 99 34 14 128 38 15 145 43 13 ALl 44

Labs: laboratories.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b Isolates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Lithuania, 2021

@ (b)
0—4 i 5-19
= Male mm Female  mmm Unknown N 20-64 WM 65 and over i Unknown
E. coli 1154 E. coli |/ | 1 154

K. pneumoniae 512 K. pneumoniae 512

P. aeruginosa 162 P. aeruginosa | I | 162
Acinetobacter spp. 361 " Acinetobacter spp. 361 N

S. aureus 746 S. aureus 746

S. pneumoniae 109 S. pneumoniae 109

E. faecalis 183 E. faecalis 183

E. faecium 211 E. faecium | | > 11

t') 2'0 4'0 6'0 8'0 1c'>o o) 20 4'0 60 80 100
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Luxembourg

Participating institutions

National Health Laboratory
Microbiology Laboratory, Centre Hospitalier de Luxembourg

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Luxembourg,
2017-2021

Estimated national population coverage (%)

Geographical representativeness ND ngh ND H|gh H|gh
Hospital representativeness ND High ND High High
Isolate representativeness ND High ND High High
Blood culture sets/1 0oo patient days ND 28.2 ND 38.9 421

ND: no data available.
Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
‘Antimicrobial resistance surveillance in Europe 2022 — 2020 data’.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Luxembourg,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100? 100° 100°
Percentage of laboratories participating in EARS-Net EQA 100 100 100 NA 100

NA: not applicable. In 2020 there was no EARS-Net EQA.
2 Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,* number of reported isolates and percentage® of isolates reported from
patients in ICUs, Luxembourg, 2017—2021

2017
(n) from ICU (] (n) rom (n) from ICU (] (n) rom IC (n) from ICU

E. coli 4 4 4 4 4

K. pneumoniae 4 99 21 4 85 18 4 103 18 4 87 23 4 101 20

P. aeruginosa 4 56 21 4 59 7 4 56 18 3 51 14 3 37 27

Acinetobacter spp. 2 8 NA 2 " NA 3 10 NA 2 7 NA 2 8 NA

S. aureus 4 200 17 4 181 13 4 209 15 4 195 18 4 199 20

S. pneumoniae 4 49 12 4 45 21 4 38 " 3 24 13¢ 4 il 5¢

E. faecalis 4 87 27 4 51 20 4 82 24 4 95 37 4 84 37

E. faecium 4 34 32 4 29 18¢ 4 37 32 3 42 20 4 58 38

Labs: laboratories.

NA: not applicable.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

¢ A small number of isolates were tested (n < 30), and the percentage of isolates from ICUs should be interpreted with caution. See Annex 3 for more information.

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Luxembourg, 2021

@ (b) o-4  mE5-19
mm Male  mmmFemale = Unknown BN 20-64 WEE65and over = Unknown
E. coli 354 E. coli 354
K. pneumoniae 101 K. pneumoniae 101
P. aeruginosa 37 P. aeruginosa 37
Acinetobacter spp. 8 n Acinetobacter spp. 8 n
S. aureus 199 S. aureus 199
S. pneumoniae 21 S. pneumoniae 21
E. faecalis 84 E. faecalis 84
E. faecium 58 E. faecium 58
0 20 4'0 60 80 100 0 20 4'0 6'0 8'0 100
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Malta

Participating institutions
Malta Mater Dei Hospital, Msida

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Malta, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh H|gh H|gh
Hospital representativeness High High High High High
Isolate representativeness High High High High High
Blood culture sets/1 0oo patient days 263 29.2 28.5 35.2 37.7

Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
‘Antimicrobial resistance surveillance in Europe 2022 - 2020 data’.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Malta,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100? 100° 100?
Percentage of laboratories participating in EARS-Net EQA 100 100 100 NA 100

NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,> number of reported isolates and percentage® of isolates reported from
patients in ICUs, Malta, 2017—2021

2017
(n) from ICU (n) (n) from (n) (n) from ICU (n) (n) from IC ( (n) fror‘r,}DICU

E. coli 1 1 1 299 4

K. pneumoniae 1 17 10 1 137 13 1 129 10 1 132 6 1 135 14

P. aeruginosa 1 37 19 1 29 14¢ 1 39 23 1 49 13 1 35 29

Acinetobacter spp. 1 9 NA 1 9 NA 1 15 NA 1 7 NA 1 16 NA

S. aureus 1 97 1 1 90 10 1 75 7 1 92 6 1 103 8

S. pneumoniae 1 19 NA 1 37 0 1 27 0° 1 16 NA 1 6 NA

E. faecalis 1 29 5¢ 1 32 6 1 30 3 1 28 20° 1 39 16

E. faecium 1 13 NA 1 15 NA 1 13 NA 1 23 24¢ 1 38 42

Labs: laboratories.

NA: not applicable.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b Isolates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which = 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

¢ A small number of isolates were tested (n < 30), and the percentage of isolates from ICUs should be interpreted with caution. See Annex 3 for more information.

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Malta, 2021

@ (b) 0-4 i 5-19
m Male mm Female e Unknown HEN 20-64 M 65and over mam Unknown
E. coli 299 E. coli 299
K. pneumoniae 135 K. pneumoniae 135
P. aeruginosa 35 P. aeruginosa 35
Acinetobacter spp. 16 N Acinetobacter spp. 16 n
S. aureus 103 S. aureus 103
S. pneumoniae 6 S. pneumoniae 6
E. faecalis 39 E. faecalis 39
E. faecium 38 E. faecium 38
6 2'0 4'0 6'0 8'0 1c'>o 0 20 4'0 60 80 100
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Moldova

Participating institutions
National Agency for Public Health, Ministry of Health

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Moldova, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ND ND ngh H|gh H|gh
Hospital representativeness ND ND High High High
Isolate representativeness ND ND Low Low Low
Blood culture sets/1 000 patient days? ND ND 1(0-7) 4(0-24) 4(0-12)

ND: no data available.
Definitions provided on page 11.
a Data are presented as mean (range).

Laboratories contributing data: use of clinical breakpoint guidelines and participation in CAESAR EQA, Moldova,
2017-2021

ND ND 100 100 100

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines
Percentage of laboratories participating in CAESAR EQA ND ND 100 29 63

ND: no data available.

Annual number of reporting laboratories,> number of reported isolates and percentage® of isolates reported from
patients in ICUs, Moldova, 2017—2021

2017
Bacterial species Isolates | Isolates abs Isolates | Isolates Labs Isolates | Isolates Labs Isolates | Isolates Lab Isolates | Isolates
(n) from ICU (n) (n) from ICU (n) (n) fror‘r’}u ; (n) (n) from ICU (n) (n) fror‘r,}DICU
E. coli ND 2 77 4 4 NA
K. pneumoniae ND ND ND ND ND ND 3 39 82 7 78 64 5 107 45
P. aeruginosa ND ND ND ND ND ND 3 13 NA 2 10 NA 5 26 73¢
Acinetobacter spp. ND ND ND ND ND ND 2 10 NA 3 58 59 4 62 47
S. aureus ND ND ND 1 2 NA 5 23 39¢ 4 9 NA 6 15 NA
S. pneumoniae ND ND ND 1 3 NA 2 2 NA ND ND ND ND ND ND
E. faecalis ND ND ND 1 3 NA 2 6 NA 5 14 NA 4 17 NA
E. faecium ND ND ND ND ND ND ND ND ND 4 9 NA 6 20 58

Labs: laboratories.

NA: not applicable.

ND: no data available.

a8 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

¢ A small number of isolates were tested (n < 30), and the percentage of isolates from ICUs should be interpreted with caution. See Annex 3 for more information.

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Moldova, 2021

@ (b) 0-4 519
= Male = Female == Unknown BN 20-64 M 65and over [ Unknown
E. coli 14 E. coli 14
K. pneumoniae 107 K. pneumoniae 107
P. aeruginosa 26 P. aeruginosa 26
Acinetobacter spp. 62 N Acinetobacter spp. 62 n
S. aureus 15 S. aureus 15
S. pneumoniae o S. pneumoniae o
E. faecalis 17 E. faecalis 17
E. faecium 20 E. faecium 20
0 20 4'0 6'0 8'0 100 o) 2'0 4'0 6'0 8'0 1(')0
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Montenegro

Participating institutions
Institute for Public Health

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Montenegro,
2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh H|gh ngh
Hospital representativeness High High High High High
Isolate representativeness Low Low Low Low Low
Blood culture sets/1 000 patient days? 3(0-15) 3 (1-16) 4(0-18) 3(0-25) 6(1-17)

Definitions provided on page 11.
2 Data are presented as mean (range).

Laboratories contributing data: use of clinical breakpoint guidelines and participation in CAESAR EQA, Montenegro,

2017-2021
I TN TN ™ T
0 75 88 88 100

100

Parameter
Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines
Percentage of laboratories participating in CAESAR EQA

100 100 100 100

Annual number of reporting laboratories,® number of reported isolates and percentage® of isolates reported from
patients in ICUs, Montenegro 2017-2021

2017

Labs | Isolates | Isolates Isolates Isolates Labs Isolates | Isolates Labs Isolates Isolates Labs Isolates | Isolates
(n) (n) from ICU (n) from ICU ()] (n) from ICU ()] (n) rom ()] (n) fro(m ;CU

'0/

/0

1 NA

Bacterial species

E. coli 1 4 2 4 7

K. pneumoniae 2 29 31¢ 2 22 32¢ 2 23 70¢ 3 29 55¢ 1 32 56
P. aeruginosa 2 14 NA 2 1 NA 1 16 NA 2 l NA 1 16 NA
Acinetobacter spp. 1 10 NA 1 14 NA 1 32 59 2 37 59 2 57 35
S. aureus 4 36 17 4 i 15 3 43 47 4 31 29 3 33 24
S. pneumoniae 2 4 NA 2 7 NA 2 4 NA 2 3 NA 1 4 NA
E. faecalis 1 12 NA 2 5 NA 3 9 NA 3 15 NA 2 29 24¢
E. faecium 1 6 NA 1 6 NA 2 8 NA 1 5 NA 1 13 NA

Labs: laboratories.

NA: not applicable.

a8 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

¢ A small number of isolates were tested (n < 30), and the percentage of isolates from ICUs should be interpreted with caution. See Annex 3 for more information.

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Montenegro, 2021

@ (b)

0-4 i 5-19
= Male mm Female  m=m Unknown BN 20-64 WEE65and over [ Unknown

E. coli 7 E. coli 7
K. pneumoniae 32 K. pneumoniae 32
P. aeruginosa 16 P. aeruginosa 16
Acinetobacter spp. 57 Acinetobacter spp. 57
S. aureus 33 S. aureus 33

S. pneumoniae 4 S. pneumoniae 4
E. faecalis 29 E. faecalis 29
E. faecium 13 E. faecium 13

0 20 4'0 60 80 100 [¢) 2'0 4'0 6'0 8'0 160

Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Netherlands

Participating institutions
National Institute for Public Health and the Environment

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Netherlands,
2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh ngh ngh
Hospital representativeness High High High High High
Isolate representativeness High High High High High
Blood culture sets/1 000 patient days ND ND ND ND ND

ND: no data available.
Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
‘Antimicrobial resistance surveillance in Europe 2022 - 2020 data’.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Netherlands,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100? 100? 100°
Percentage of laboratories participating in EARS-Net EQA 85 92 89 NA 100

NA: not applicable. In 2020 there was no EARS-Net EQA.
2 Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,* number of reported isolates and percentage® of isolates reported from
patients in ICUs, Netherlands, 2017-2021

201 | ws [ amy [ a0 [ am

Bacterial species Isolates Isolates Isolates

from ICU (n) |fromICU (n) | fromICU

(%) (%) (%)

E. coli 37 7515 6 39 8276 5 35 7302 5 38 7498 4 35 6576 3
K. pneumoniae 37 1330 10 39 1521 7 35 1434 7 38 1397 6 35 1270 5
P. aeruginosa 37 738 14 39 808 1 35 683 12 37 749 1 35 730 13
Acinetobacter spp. 34 132 16 36 149 14 31 127 13 34 153 1 33 192 13
S. aureus 37 3045 9 39 3568 9 35 3221 9 38 3294 8 35 3235 9
S. pneumoniae 37 1708 9 39 1938 8 35 1552 7 38 997 6 35 839 6
E. faecalis 37 1014 15 39 1087 15 35 984 14 38 n 24 35 1302 29
E. faecium 37 882 39 39 1008 35 35 789 37 37 1312 53 35 1272 54

Labs: laboratories.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Netherlands, 2021

@ (b) o-4 w519
. Male B Female m Unknown HEN 20-64 M 65and over mam Unknown
E. coli 6576 E. coli 6576
K. pneumoniae 1270 K. pneumoniae |l 1270
P. aeruginosa 730 P. aeruginosa 730
Acinetobacter spp. 192 Acinetobacter spp. 192
S. aureus 3235 S. aureus 3235
S. pneumoniae 839 S. pneumoniae 839
E. faecalis 1302 E. faecalis 1302
E. faecium 1272 E. faecium 1272
(') 2'0 4'0 6'0 8'0 160 o) 20 4'0 60 80 100
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

North Macedonia

Participating institutions
Department for Microbiology, Institute of Public Health

Population and hospitals contributing data: coverage, representativeness and blood culture rate, North Macedonia,
2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh H|gh ngh
Hospital representativeness High High High High High
Isolate representativeness Low Low Low Low Low
Blood culture sets/1 000 patient days? 3(0-37) 4(0-40) ND ND ND

ND: no data available.
Definitions provided on page 11.
2 Data are presented as mean (range).

Laboratories contributing data: use of clinical breakpoint guidelines and participation in CAESAR EQA, North
Macedonia, 2017-2021

87 94 94 94 100

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines
Percentage of laboratories participating in CAESAR EQA 63 94 78 92 100

Annual number of reporting laboratories,? number of reported isolates and percentage® of isolates reported from
patients in ICUs, North Macedonia, 2017—2021

2017

Bacterial species Isolates Isolates Isolates Isolates Isolates
(n) (n) from ICU (O] (n) rom ICU ()] () [fromICU| (n) () [fromICU| (n) (n) |[fromICU

(%) (%) %)

E. coli 5 7 9 7

K. pneumoniae 7 24 27 8 39 23 5 55 36 6 18 82 5 108 7

P. aeruginosa 7 17 NA 3 1 NA 4 2 10¢ 2 9 NA 3 12 NA

Acinetobacter spp. 6 29 31 3 27 30¢ 4 37 14 5 39 43 3 44 39

S. aureus 8 52 8 9 62 3 1 87 3 " 84 6 7 83 3

S. pneumoniae 1 6 NA 4 5 NA 4 14 NA 2 3 NA 3 3 NA

E. faecalis 6 N 10¢ 6 36 6 7 41 5 6 25 4¢ 9 44 12

E. faecium 5 29 4¢ 3 30 13 5 30 14 5 21 5¢ 6 43 21

Labs: laboratories.

NA: not applicable.

a8 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

¢ A small number of isolates were tested (n < 30), and the percentage of isolates from ICUs should be interpreted with caution. See Annex 3 for more information.

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, North Macedonia, 2021

@ (b) 0-y mmm5—19
. Male I Female [ Unknown HEN 20-64 65 and over mm Unknown
E. coli 45 E. coli 45
K. pneumoniae 108 K. pneumoniae 108
P. aeruginosa 12 P. aeruginosa 12
Acinetobacter spp. 44 Acinetobacter spp. 4
S. aureus 83 S. aureus 83
S. pneumoniae 3 S. pneumoniae 3
E. faecalis 44 E. faecalis 44
E. faecium 43 E. faecium 43
t') 2'0 4'0 6'0 8'0 1c'>o o 20 4'0 60 80 100
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Norway

Participating institutions

University Hospital of North Norway
Norwegian Institute of Public Health
St. Olav University Hospital, Trondheim

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Norway, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh H|gh H|gh
Hospital representativeness High High High High High
Isolate representativeness High High High High High
Blood culture sets/1 0oo patient days ND 47.4 86.8 91.9 87.4

ND: no data available.
Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
‘Antimicrobial resistance surveillance in Europe 2022 - 2020 data’.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA,Norway,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100° 100° 100°
Percentage of laboratories participating in EARS-Net EQA 100 89 89 NA 93

NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,? number of reported isolates and percentage® of isolates reported from
patients in ICUs, Norway, 2017—2021

2017
()] from ICU (O] from () (n) from ICU (n) (n) | from IC! (n) (n) |[fromICU
(%) (%) (%)
E. coli 18 3734 4 18 3880 3 18 4075 3 3764 4 18 3840 3
K. pneumoniae 18 781 5 18 738 5 18 832 5 18 703 5 18 787 3
P. aeruginosa 18 205 5 18 250 5 18 296 4 18 283 5 18 309 3
Acinetobacter spp. 12 31 10 1 32 13 12 23 5¢ 10 31 0 14 42 5
S. aureus 18 1507 6 18 1630 6 18 1723 6 18 1605 6 18 1728 6
S. pneumoniae 18 482 6 18 506 6 18 507 5 18 243 3 18 263 3
E. faecalis 18 526 7 18 525 6 18 551 6 18 546 6 18 608 6
E. faecium 18 209 10 18 174 10 18 197 7 17 183 6 18 218 n

Labs: laboratories.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b Isolates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

¢ Asmall number of isolates were tested (n < 30), and the percentage of isolates from ICUs should be interpreted with caution. See Annex 3 for more information.

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Norway, 2021

@ (b) 0-y mmm5—19
= Male = Female == Unknown N 20-64 M 65and over [ Unknown
E. coli 3840 E. coli 3840
K. pneumoniae 787 K. pneumoniae 787
P. aeruginosa 309 P. aeruginosa 309
Acinetobacter spp. 42 Acinetobacter spp. 42
S. aureus 1728 S. aureus 1728
S. pneumoniae 263 S. pneumoniae 263
E. faecalis 608 E. faecalis 608
E. faecium 218 E. faecium 218
0 20 4'0 6'0 8'0 100 c') 2'0 4'0 6'0 8'0 1(')0
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Poland

Participating institutions

National Medicines Institute, Department of Epidemiology and Clinical Microbiology
National Reference Centre for Susceptibility Testing

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Poland, 2017-2021

Estimated national population coverage (%)

Geographical representativeness Medlum/H|gh Medium Medium Medium Medium
Hospital representativeness High Medium Medium Medium Medium
Isolate representativeness High Medium Medium Medium High
Blood culture sets/1 000 patient days 38.1 38.6 39.8 45.6 54.7

Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
‘Antimicrobial resistance surveillance in Europe 2022 - 2020 data’.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Poland,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100° 100° 100°
Percentage of laboratories participating in EARS-Net EQA 96 93 98 NA 98

NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,? number of reported isolates and percentage® of isolates reported from
patients in ICUs, Poland, 2017—2021

2017

Bacterial species Isolates Isolates Isolates Isolates Isolates
()] ()] from ICU (O] (n) from ICU () (n) from ICU (n) (n) from ICU (n) (n) fro(r:} ;CU

E. coli 2881 2627 2809 2179 2376

K. pneumoniae 65 1203 43 53 1221 47 55 172 45 49 1091 35 52 1447 47

P. aeruginosa 64 417 46 54 394 45 54 41 40 48 317 38 49 445 49

Acinetobacter spp. 56 352 60 48 290 63 46 319 64 44 373 55 50 832 69

S. aureus 66 1848 33 57 1986 30 55 1843 34 50 1676 29 52 1975 32

S. pneumoniae 60 374 30 53 369 28 49 364 29 40 165 33 47 260 35

E. faecalis 65 758 48 53 733 43 53 773 48 49 790 36 51 1252 50

E. faecium 60 410 44 49 385 44 53 443 43 48 529 38 52 908 52

Labs: laboratories.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b Isolates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Poland, 2021

@ (b) o4 s
= Male = Female  m=m Unknown BN 20-64 WEE65and over = Unknown
E. coli 2376 E. coli 2376
K. pneumoniae 1447 K. pneumoniae 1447
P. aeruginosa 445 P. aeruginosa 445
Acinetobacter spp. 832 " Acinetobacter spp. 832 n
S. aureus 1975 S. aureus 1975
S. pneumoniae 260 S. pneumoniae 260
E. faecalis 1252 E. faecalis 1252
E. faecium 908 E. faecium 908
0 20 4'0 60 80 100 6 2'0 4'0 6'0 8'0 160
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Portugal

Participating institutions

National Institute of Health Doutor Ricardo Jorge
Ministry of Health Directorate-General of Health
Directorate-General of Health

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Portugal, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh H|gh H|gh
Hospital representativeness High High High High High
Isolate representativeness High High High High High
Blood culture sets/1 0oo patient days 1481 206.9 244.2 244.2 256.0

Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
‘Antimicrobial resistance surveillance in Europe 2022 - 2020 data’.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Portugal,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100? 100? 100°
Percentage of laboratories participating in EARS-Net EQA 88 83 93 NA 81

NA: not applicable. In 2020 there was no EARS-Net EQA.
2 Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,® number of reported isolates and percentage® of isolates reported from
patients in ICUs, Portugal, 2017-2021

Bacterial species Isolates

from ICU

(%)

E. coli 62 6452 4 59 5921 4 58 6433 4 63 5858 4 57 5633 4
K. pneumoniae 61 2743 10 58 2604 10 55 2709 9 60 2790 9 56 2602 14
P. aeruginosa 57 1220 13 55 115 12 54 1061 " 57 1061 9 53 1016 14
Acinetobacter spp. 36 174 16 39 127 18 30 99 14 31 104 9 26 67 17
S. aureus 64 3789 5 59 3940 7 59 3308 6 65 3319 6 59 2948 10
S. pneumoniae 54 1056 1 55 1062 NA 53 983 NA 48 588 NA © 427 NA
E. faecalis 58 1014 8 56 979 9 54 945 9 58 990 10 52 999 13
E. faecium 46 467 16 47 440 16 43 im 15 43 406 12 43 416 17

Labs: laboratories.

NA: not applicable.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b Isolates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Portugal, 2021

@ (b)
0—4 i 5-19
= Male = Female == Unknown N 20-64 M 65and over [ Unknown
E. coli 5633 E. coli 5633
K. pneumoniae 2 602 K. pneumoniae 2602
P. aeruginosa 1016 P. aeruginosa 1016
Acinetobacter spp. 67 N Acinetobacter spp. 67 n
S. aureus 2948 S. aureus 2948
S. pneumoniae 427 S. pneumoniae 427
E. faecalis 999 E. faecalis 999
E. faecium 416 E. faecium 416
0 20 4'0 6'0 8'0 100 c') 2'0 4'0 6'0 8'0 1(')0
Sex (%) Age category in years (%)
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Romania

Participating institutions
National Institute of Public Health

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Romania, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ND Low Low Low Low
Hospital representativeness ND Low Low Low Low
Isolate representativeness ND Low Low Low Low
Blood culture sets/1 0oo patient days ND 34.0 205 26.4 32.7

ND: no data available.
Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
‘Antimicrobial resistance surveillance in Europe 2022 - 2020 data’.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Romania,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100? 100° 100°
Percentage of laboratories participating in EARS-Net EQA 93 93 100 NA 100

NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,® number of reported isolates and percentage® of isolates reported from
patients in ICUs, Romania, 2017—2021

2017
(n) (n) from ICU () (n) from ICU (n) (n) |fromICU| (n) (n) from ICU (n) (n) |fromICU

(%) %)

E. coli

K. pneumoniae 14 339 43 17 443 44 15 488 43 16 478 54 16 538 52

P. aeruginosa 14 132 46 17 156 40 14 192 44 15 148 53 16 208 51

Acinetobacter spp. 12 183 73 17 218 73 15 268 75 15 298 72 16 386 73

S. aureus 14 535 23 17 626 24 14 634 23 16 418 30 16 469 27

S. pneumoniae " 81 22 12 93 24 " 107 15 il 42 20 10 28 23¢

E. faecalis 14 128 37 17 178 25 14 166 35 15 167 58 16 227 47

E. faecium 13 64 45 15 79 43 14 144 48 16 122 53 14 194 53

Labs: laboratories.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b Isolates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which = 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

¢ A small number of isolates were tested (n < 30), and the percentage of isolates from ICUs should be interpreted with caution. See Annex 3 for more information.

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Romania, 2021

@ (b) 0-4  EWi5-19
= Male = Female  m=m Unknown BN 20-64 WEE65and over = Unknown
E. coli 499 E. coli 499
K. pneumoniae 538 K. pneumoniae 538
P. aeruginosa 208 P. aeruginosa 208
Acinetobacter spp. 386 " Acinetobacter spp. 386 n
S. aureus 469 S. aureus 469
S. pneumoniae 28 S. pneumoniae 28
E. faecalis 227 E. faecalis 227
E. faecium 194 E. faecium 194
0 20 4'0 60 80 100 [¢] 2'0 4'0 6'0 8'0 160
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Russia

Participating institutions
Institute of Antimicrobial Chemotherapy, Smolensk State Medical Academy

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Russia, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh H|gh H|gh
Hospital representativeness Poor Poor Poor Poor Poor
Isolate representativeness Poor Poor Poor Poor Poor
Blood culture sets/1 000 patient days? 10 (0-50) 6 (1-86) 15 (12-55) 1(1-21) 16 (1-46)

ND: no data available.
Definitions provided on page 11.
a Data are presented as mean (range).

Laboratories contributing data: use of clinical breakpoint guidelines and participation in CAESAR EQA, Russia,
2017-2021

ND ND 100 100 100

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines
Percentage of laboratories participating in CAESAR EQA ND 72 0 100 NA

ND: no data available.
NA: not applicable.

Annual number of reporting laboratories,® number of reported isolates and percentage® of isolates reported from
patients in ICUs, Russia, 2017—2021

2017
Bacterial species Isolates Isolates Isolates Isolates Isolates
(n) (n) from ICU () (n) from ICU (n) (n) |fromICU| (n) () |fromICU|[ (n) (n) |fromICU
(%) (%) %)
E. coli
K. pneumoniae 24 127 69 23 170 81 13 418 74 15 546 80 26 122 57
P. aeruginosa 16 45 64 18 50 76 10 76 l 12 62 69 23 130 49
Acinetobacter spp. 15 51 84 17 81 75 n 178 76 15 267 88 23 552 62
S. aureus 20 85 53 19 107 45 12 333 47 15 317 58 25 730 38
S. pneumoniae " 18 NA ND ND ND 8 23 43¢ 6 13 ND 12 52 44
E. faecalis 8 27 30¢ 10 27 59¢ 13 100 46 14 131 66 20 255 59
E. faecium 6 14 NA 7 19 NA n 63 49 12 127 93 25 283 35

Labs: laboratories.

NA: not applicable.

ND: no data available.

a8 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

¢ A small number of isolates were tested (n < 30), and the percentage of isolates from ICUs should be interpreted with caution. See Annex 3 for more information.

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Russia, 2021

@ (b) 0-4  mE5-19
B Male I Female [ Unknown HEN 20-64 M 65and over mm Unknown
E. coli 385 E. coli 385
K. pneumoniae 1122 K. pneumoniae |} 1122
P. aeruginosa 130 P. aeruginosa 130
Acinetobacter spp. 552 Acinetobacter spp. 552
S. aureus 730 S. aureus 730
S. pneumoniae 52 S. pneumoniae 52
E. faecalis 255 E. faecalis 255
E. faecium 283 E. faecium 283
(') 2'0 4'0 6'0 8'0 10'0 [¢) 20 4'0 6'0 8'0 100
Sex (%) Age category in years (%)

122



bial resistance surveillance in Europe 2023 — 2021 data

Imicro

Ant

SURVEILLANCE REPORT

Aiqndaasns a

*sall08aied Ay
ejijuenb adujs ‘pasn ale Aiojesoqe) ayy Aq pajiodal se (¥/1/S) sario8aied A

"UOIjBWLIOJUI 3IOW 10) € XBUUY 33S "UOIINED Yiim pajaidiajul 3q pinoys ddue)sisal a8ejuadiad ay) pue ‘(o€ » u) Palsa) a1am S3)B]0S! JO 13GINU |RWS Y

pasealdul 3)q13dadsns se saliojeioqe) |e20] 3y} Aq pajiodal saje|osi apjuownaud *s 03 Suliiayas ‘yiodal siyy

‘YSYW 104 1xiew B se pajdadde ale (359} uonjeunniSSe-yzdad @

9dA3-p)Im Jo asoy) anoqe u uadjAzuaq 01 J|W Sulwnsse ‘u
d1uad wia) ay) ‘avjuownaud *S 104 *ul]]1IBXO ‘d]qRJIRARUN JI 10

13da2sns 10§ B1IA}LID dAI}.1dI9)Ul JUBIRIp pasn aAey Aew sjutodyealq |edtund 1SyINJ Sulsn jou satlojeloqe] “ejep ay} jo 1ed agie) e 10j Suissiw S| uoljewIofUl
1dassns aanelenb ayy *(71/8w 90°0 <) saje|o
pasn s1 adA}-pjim-uou u
od e 10 ¥YDd Aq duas yraw Jo U0I1I91aP) S1S] UOIJBLLIIJUOD JRINID|OW WO BIEP ‘D|R]IBAR dI9M I3Y}IaU J| ©

J1uad 03 (Y) JuelSISaL 10 (]) ainsodxa
1uad uo paseq ale sjnsal
2BX0 ‘3]qR|IBARUN JI ‘IO ‘UI}IX0J3D UO PASE] SI YSYW p

lusd 5

*SpIEMUO 0Z0Z Wouy upAweiqo) Ajuo sapnjoul dnois apisodhjSoujwe ayy

‘ponsad

9y} Sulinp 1eaA Aue ul 0z » Sem $3)BJ0S] JO JaqWNU Y} 10 ‘poriad Ay} Sulnp palinido 321nos ejep ul 3Sueyd juediyiusis e ‘sieak ||e 104 pajiodal Jou 219m BIep dY) Jey) sajedipul ajqeaijdde jou :yN ‘pual} juediyiusis A)|eI13s13e)s ou sajedipul - ‘sieak

9Al) )1k J0) Ajsnonuuod Suljiodal saliojelroqe) papnjdul Ajuo jeyl ejep ayj ul pual) JuedijiusSis e JO Wio) ay) ul UOIIBWAIJUOD SDIBIIPUI 4 ‘eJep ||BIdA0 3Y] ul ‘AjaA1)dadsal ‘spual) Suisealdap pue Suisealdul juedlyiusis Ajjeanysijels ajedipul
*(¥N) @1qedndde jou se pajuasaid si aSejuadiad ay) Jou J| “S9)e|0S] 0Z2 10 d1qe|IRAR 31k BlRp JI Ajuo pajuasaid aie adAjouayd adue)sisal ylim S31ej0S] JO S9SRIUIIIA

‘9]qe]IeAR RIEP OU :QN

‘a)qedndde jou :yN

YN
WN
WN
N
WN
VN
VN
VN
VN
WN

S
698
00
L1t
99
0yl
052
'8
1'06
088

'8¢

LTS

114
66
67
7y
9¢
9L
0ze
:149
SLy
41

8y
€/
vzl
14"
143
19
9.
6L
116
L0LL
8601
61T
%8¢
(049

8l
08¢
WN
WN
VN
9
€68
6'68
L'%6
66

7T

LTl
0§
oL
oL
€l

S0€

124

LT

€9

€97

9
67
09
09
09
9€
(14
€Ly
139

8
0°6€
09
V'8€
9€l
(§94
598
188
608
8L

'19

0Ly

8Ly

9

1L

0T

(74

[44
0ze
70l
90L
€Ll
A3

YN
L0
aN
aN
aN
0yl
704
688
§'6
06/

L'9¢

§'e8

9

6l

¥N
19°99
WN
WN
¥N
99l
€8
(A
176
(A4

7l
1t
8l
8l
8l

19
[
1§
1§

14
Lt
F14
Lt
4}

3due)SISal udAwoIuRA

9)UB]SISAI UIDIWE)USS |3A3]-YSIH

,53pI10J2BW 0] 3IUE)SISAI pue 3dA)-pim-uou unjdiuad paulquo)

aaue)sisal (uAwouyihia/uppAwoiyiiie)d/unAwolyiize) apijoioel
,9dA3-pim-uou unyd1Udg

pYSUW

sapIs0dA|Soujwe pue sauojouinboiony ‘swauadeqted 0 3IUL)SIS3I pPaUIqUIOD)
ddue)sisai (uAweiqoy/uidiwejuas) apisodkjSouiwy

32UeJSISal (U1IeX0]J0A3] /uldeX0)j04d12) duojouInbosoN| 4

3oue)sisal (wauadosaw/wauadiwy) wauadeqie)

,(sap1s0dA)Soujwe pue sauojouinboion)y
‘swauadequed ‘awIpize}jad ‘wejdeqoze)-uldeadid Suowe) sdnois |eiqoidiwijue €2 0} 9IURISISI PAUIGUO)

,9Jue)sisal (upAweiqol/uidiweiuas) apisodhjSourwy

3)U)SISAI (UIIBXO0]J0AR] /UjIX0)J04d12) BUOjOUINbOION)Y

3)ue)sisal (wauadosaw/wauadiwy) wauadeqie)

9JUBJSISAI AWIpIZE}Yd)

9IUB)SISaI Wejdoeqozel-uljeiadid

sap1sodh|Soujwe pue sauojouinboson)y ‘suiodsojeydad uorjeiauas-piiy) 03 3IUB)SISI PaulqLI0)
ddue)sisai (uAweiqoy/uidiwejuas) apisodkjSouiwy

32UR)SISa (UIIBX0]J0/UIIBX0]J0A3] /uldeX0]j04d1d) Buojouinbolon)y

3aue)sisal (wauadosaw/wauadiwy) wauadeqie)

3)UB)SISAI (JWIPIZ}Jad/dUOXBII}JAI/aWIXRI0J9I) Uliodsoleydad uoljeIauas-piryL
sapisodAjSoulwe pue sauojouinbosonyy ‘suriodsojeydad uoijeiauas-piiy] 03 adue)S|Sal pauIquio)
3aue)s|sal (udAweiqoy/upiwejuas) apisodh)Soujwy

32UB)SIS (UIIBXO0]J0/UIIBX0]JOA3] /UIEXO]j04d1D) BUOjouUINboION]4

9due)sisal (wauadosaw/wauadiw) wauadeqie)

92URJSIS (3WIPIZR}JDI/3UOXELI}JDI/BWIXRI043D) ULlodsojeydad uoljesauas-piiyL

dduejsisal (unidwe/urixowe) unjiuadoulwy

juase/dnois jeiqosjwnuy

pue

q

wnavj ‘3
SIpav '3

apjuownaud g
snainp °§

*dds sa300q0j0u12Yy

psouibniav 4

apjuownaud *y

Tzoz-Ltoz ‘eissny ‘JuasSe/dnois jeiqosdjwijue pue sajrads jelialaeq Aq ‘(%) adAjousayd aduejsisal yiim sajejosi jo aSejuadiad pue (u) palsa) $91e|0S] SAISBAU] JO Jaquinu Jejo)

123



Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Serbia

Participating institutions

Department of Clinical Microbiology with the Reference Laboratory for Bacterial Resistance to Antimicrobials, Centre for
Microbiology, Institute of Public Health of Vojvodina, Novi Sad

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Serbia, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh H|gh ngh H|gh H|gh
Hospital representativeness High High High High High
Isolate representativeness Medium Medium Medium Medium Medium
Blood culture sets/1 0oo patient days? 15(0-82) 16 (1-85) 17 (1-88) 17 (1-111) 23 (1-117)

Definitions provided on page 11.
3 Data are presented as mean (range).

Laboratories contributing data: use of clinical breakpoint guidelines and participation in CAESAR EQA, Serbia,
2017-2021

100 100 100 100 100

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines
Percentage of laboratories participating in CAESAR EQA 100 100 96 100 100

Annual number of reporting laboratories,® number of reported isolates and percentage® of isolates reported from
patients in ICUs, Serbia, 2017—2021

2017

Bacterial species Isolates Isolates Isolates Isolates Isolates
(n) (n) [fromICU| (n) () |[fromICU| (n) (n) [fromICU| (n) (n) |[froml (n) |[fromICU

(%) (%) (%) (%) (%)

E. coli

K. pneumoniae 20 416 24 23 51 25 21 513 18 22 387 28 22 780 45

P. aeruginosa 18 134 21 22 177 27 20 196 28 21 129 25 19 187 44

Acinetobacter spp. 20 429 39 23 516 32 22 532 4 21 702 48 23 1148 76

S. aureus 22 542 14 24 616 13 24 628 14 2 391 13 23 447 23

S. pneumoniae 14 86 17 18 79 10 16 85 9 1 27 26¢ 9 22 18¢

E. faecalis 20 208 19 23 261 18 22 272 24 22 312 37 23 455 55

E. faecium 15 12 23 19 154 18 22 159 22 21 276 35 22 391 66

Labs: laboratories.

a8 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

¢ Asmall number of isolates were tested (n < 30), and the percentage of isolates from ICUs should be interpreted with caution. See Annex 3 for more information.

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Serbia, 2021

@ (b) 04 [ 5-19
. Male I Female [ Unknown HEN 20-64 M 65and over mm Unknown
E. coli 310 E. coli 310
K. pneumoniae 780 K. pneumoniae 780
P. aeruginosa 187 P. aeruginosa 187
Acinetobacter spp. 1148 " Acinetobacter spp. 1148 n
S. aureus 447 S. aureus 447
S. pneumoniae 22 S. pneumoniae 22
E. faecalis 455 E. faecalis 455
E. faecium 391 E. faecium 391
6 2'0 4'0 6'0 8'0 1c'>o o) 20 4'0 60 80 100
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Slovakia

Participating institutions

National Reference Centre for Antimicrobial Resistance
Public Health Authority of the Slovak Republic
Regional Public Health Authority Banska Bystrica

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Slovakia, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh H|gh H|gh
Hospital representativeness High High High High High
Isolate representativeness ND High High High High
Blood culture sets/1 0oo patient days 20.8 23.7 36.1 27.0 321

ND: no data available.
Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
‘Antimicrobial resistance surveillance in Europe 2022 - 2020 data’.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Slovakia,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100° 100° 100°
Percentage of laboratories participating in EARS-Net EQA 100 100 100 NA 100

NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,? number of reported isolates and percentage® of isolates reported from
patients in ICUs, Slovakia, 2017—2021

2017

()] from ICU (O] from () (n) from ICU (n) (n) | from IC! (n) (n) |[fromICU
(%) (%) (%)
E. coli 13 14 17 16
K. pneumoniae 13 468 32 1 505 33 10 370 26 1 405 35 13 551 A
P. aeruginosa 13 pall 30 n 259 32 10 201 30 n 246 35 13 275 42
Acinetobacter spp. 13 126 39 1 146 36 8 97 44 1 95 37 12 148 57
S. aureus 13 614 2 12 627 25 10 567 18 n 540 22 13 583 20
S. pneumoniae 10 40 30 9 47 13 6 40 20 5 15 NA 6 22 18¢
E. faecalis 13 226 29 12 256 32 10 212 32 il 199 30 12 335 42
E. faecium 1 122 32 n 168 33 10 139 32 10 1 31 12 224 52

Labs: laboratories.

NA: not applicable.

a8 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which = 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

¢ Asmall number of isolates were tested (n < 30), and the percentage of isolates from ICUs should be interpreted with caution. See Annex 3 for more information.

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Slovakia, 2021

@ (b)
0—4 i 5-19
 Male m Female [ Unknown HEN 20-64 M 65and over mam Unknown
E. coli 663 E. coli 663
K. pneumoniae 551 K. pneumoniae 551
P. aeruginosa 275 P. aeruginosa 275
Acinetobacter spp. 148 N Acinetobacter spp. 148 n
S. aureus 583 S. aureus 583
S. pneumoniae 22 S. pneumoniae 22
E. faecalis 335 E. faecalis 335
E. faecium 224 E. faecium 224
6 2'0 4'0 6'0 8'0 1c'>0 6 2'0 4'0 6'0 8'0 160
Sex (%) Age category in years (%)
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Antimicrobial resistance surveillance in Europe 2023 — 2021 data SURVEILLANCE REPORT

Slovenia

Participating institutions

National Institute of Public Health
Medical faculty, University of Ljubljana
National Laboratory of Health, Environment and Food

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Slovenia, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh H|gh H|gh
Hospital representativeness High High High High High
Isolate representativeness High High High High High
Blood culture sets/1 0oo patient days 41,2 36.8 40.4 471 46.8

Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
‘Antimicrobial resistance surveillance in Europe 2022 - 2020 data’.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Slovenia,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100? 100? 100°
Percentage of laboratories participating in EARS-Net EQA 100 100 91 NA 100

NA: not applicable. In 2020 there was no EARS-Net EQA.
2 Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,® number of reported isolates and percentage® of isolates reported from
patients in ICUs, Slovenia, 2017-2021

201 | ws [ amy [ a0 [ am

Bacterial species Isolates Isolates Isolates

from ICU (n) |fromICU (n) | fromICU

(%) (%) (%)

E. coli 10 1435 9 10 1668 7 10 1610 6 10 1617 6 10 1681 5
K. pneumoniae 10 312 20 10 289 14 10 303 14 10 291 17 10 351 14
P. aeruginosa 10 138 30 10 174 24 10 175 26 10 186 35 9 257 20
Acinetobacter spp. 4 36 50 8 39 33 8 40 38 7 36 39 9 124 56
S. aureus 10 576 13 10 606 9 10 656 10 10 m 14 10 768 12
S. pneumoniae 10 319 10 10 27 13 10 283 10 10 172 9 10 187 8
E. faecalis 10 7 19 10 162 15 9 14 24 9 182 15 9 205 20
E. faecium 9 149 i 9 134 32 10 137 32 9 177 32 10 219 34

Labs: laboratories.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Slovenia, 2021

@ (®)
0-4  mW5-19
= Male  mmmFemale = Unknown BN 20-64 WM 65andover = Unknown
E. c.oli 1681 E. coli |1 1681
K. pneumoniae 351 K. pneumoniae 351
P. aeruginosa 257 P. aeruginosa 257
Acinetobacter spp. 124 Acinetobacter spp. 124
S. aureus 768 S. aureus 768 "
S. pneumoniae 187 S. pneumoniae 187
E. faecalis 205 E. faecalis 205
E. faecium | : : : : 1219 E. faecium 219
o 20 40 60 8o 100 o 20 40 60 80 100
Sex (%) Age category in years (%)
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Spain

Participating institutions

Health Institute Carlos lll
National Centre for Microbiology

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Spain, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh Medium Medium Medium Medium
Hospital representativeness High High High High High
Isolate representativeness High High High High High
Blood culture sets/1 000 patient days ND 57.3 67.6 109.5 165.4

ND: no data available.
Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
‘Antimicrobial resistance surveillance in Europe 2022 - 2020 data’.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Spain,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100? 100° 100?
Percentage of laboratories participating in EARS-Net EQA 90 95 91 NA 91

NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,> number of reported isolates and percentage® of isolates reported from
patients in ICUs, Spain 2017—2021

2017
(n) (n) from ICU (n) (n) from ICU (n) (n) from ICU (n) (n) from ICU (n) (n) from ICU

E. coli 37 6032 7933 NA 8353 43 7939 7477

K. pneumoniae 36 1514 NA 38 1995 NA 39 2403 NA 42 2244 NA 38 2118 NA

P. aeruginosa 36 869 NA 38 1122 NA 39 1108 NA Al 1228 NA 38 1149 NA

Acinetobacter spp. 22 92 NA 18 81 NA 21 83 NA 21 92 NA 24 95 NA

S. aureus 37 1925 NA 39 2531 NA 1 2719 NA 42 2542 NA 40 2803 NA

S. pneumoniae 34 752 NA 37 1033 NA 37 1038 NA Al 614 NA 36 376 NA

E. faecalis 36 969 NA 38 1163 NA 38 1301 NA 4 1531 NA 39 1519 NA

E. faecium 35 599 NA 37 769 NA 37 848 NA 42 1104 NA 38 984 NA

Labs: laboratories.

NA: not applicable.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b Isolates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which = 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Spain, 2021

@ (b) 0-4  EEE5-19
 Male m Female e Unknown HEN 20-64 M 65andover mm Unknown
E. coli 7477 E. coli 7477
K. pneumoniae 2118 K. pneumoniae 2118
P. aeruginosa 1149 P. aeruginosa 1149
Acinetobacter spp. 9% Acinetobacter spp. | 95 .
S. aureus 2803 S. aureus 2803
S. pneumoniae 376 S. pneumoniae I 56
E. faecalis 1519 E. faecalis 1519
E. faecium 984 E. faecium 984
0 20 4'0 6'0 80 100 [¢) 2'0 4'0 6'0 8'0 160
Sex (%) Age category in years (%)
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Sweden

Participating institutions
The Public Health Agency of Sweden

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Sweden, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh H|gh H|gh
Hospital representativeness High High High High High
Isolate representativeness High High High High High
Blood culture sets/1 0oo patient days 156.7 107.0 105.6 105.6 ND

ND: no data available.
Definitions provided on page 11. For data reported in 2017-2020, isolate representativeness refers to patient and isolate representativeness as defined in the report
‘Antimicrobial resistance surveillance in Europe 2022 - 2020 data’.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in EARS-Net EQA, Sweden,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines 100? 100° 100°
Percentage of laboratories participating in EARS-Net EQA 100 100 95 NA 100

NA: not applicable. In 2020 there was no EARS-Net EQA.
a Starting with 2019 data, EARS-Net was restricted to laboratories using EUCAST or EUCAST-harmonised methodology and breakpoints.

Annual number of reporting laboratories,® number of reported isolates and percentage® of isolates reported from
patients in ICUs, Sweden, 2017—2021

2017
(n) (n) from ICU () () |fromICU|[ (n) (n) |fromICU| (n) () |fromICU|[ (n) (n) |fromICU
(%) (%) (% (%)
E. coli 10 5807 9 5392 NA 9424 20 9852 10634 NA
K. pneumoniae 10 1034 NA 9 1089 NA 19 1795 NA 20 1843 NA 21 2001 NA
P. aeruginosa 10 446 NA 9 412 NA 19 707 NA 20 735 NA 2 803 NA
Acinetobacter spp. 1 54 NA 1 55 NA 1 13 NA 1 126 NA 1 138 NA
S. aureus 1 3800 NA 9 3640 NA 20 6173 NA 20 6891 NA 21 7736 NA
S. pneumoniae " 755 NA 9 676 NA 19 1071 NA 20 551 NA 21 672 NA
E. faecalis 1 1630 NA 9 687 NA 19 1297 NA 20 1443 NA 21 1635 NA
E. faecium " 622 NA 9 428 NA 19 703 NA 20 789 NA 21 1006 NA

Labs: laboratories.

NA: not applicable.

a8 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Sweden, 2021

@ (b) 0-4 mE5-19
= Male mm Female  mmm Unknown BN 20-64 M 65and over [ Unknown
E. coli 10 634 E. coli 10 634
K. pneumoniae 2001 K. pneumoniae | 2001
P. aeruginosa 803 P. aeruginosa 803
Acinetobacter spp. 138 n Acinetobacter spp. 138 n
S. aureus 7736 S. aureus 7736
S. pneumoniae 672 S. pneumoniae 672
E. faecalis 1635 E. faecalis | I | 1 635
E. faecium 1006 E. faecium 1006
0 20 4'0 60 80 100 o 20 4'0 6'0 8'0 100
Sex (%) Age category in years (%)
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Switzerland

Participating institutions
Swiss Centre for Antibiotic Resistance, Institute for Infectious Diseases, University of Bern

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Switzerland,
2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh ngh ngh
Hospital representativeness High High High High High
Isolate representativeness High High High High High
Blood culture sets/1 000 patient days? ND ND ND ND ND

Definitions provided on page 11.
ND: no data available.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in CAESAR EQA, Switzerland,
2017-2021

90 97 97 97 97

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines
Percentage of laboratories participating in CAESAR EQA 0 0 0 64 64

Annual number of reporting laboratories,® number of reported isolates and percentage® of isolates reported from
patients in ICUs, Switzerland, 2017—2021

2017

Bacterial species Isolates Isolates Labs Isolates | Isolates Lab Isolates Isolates Labs Isolates | Isolates
()] () fromUICU (n) from‘,ICU () () from ICU (n) () ron:k () from ICU

E. coli 23 5400 4 29 5884 3 5774 3 5762 3 5889 3

K. pneumoniae 22 962 6 28 1035 7 31 1184 7 34 1236 7 34 1372 6

P. aeruginosa 23 536 9 26 522 8 31 545 8 32 609 10 31 619 "

Acinetobacter spp. 20 92 9 pl 69 7 26 65 12 25 92 13 24 100 14

S. aureus 23 2027 7 29 2001 6 33 2159 7 34 2231 8 35 2422 10

S. pneumoniae 23 753 5 29 776 5 31 715 5 34 474 6 31 449 6

E. faecalis 23 676 7 29 713 8 30 737 8 34 809 12 34 1082 8

E. faecium 21 469 17 26 439 17 27 401 16 30 477 22 29 575 18

Labs: laboratories.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b Isolates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which = 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Switzerland, 2021

(@ (b) 0-4  Em5-19
mm Male  mmmFemale s Unknown EEN 20-64 M 65andover EE Unknown
E. coli 5889 E. coli 5889
K. pneumoniae 1372 K. pneumoniae 1372
P. aeruginosa 619 P. aeruginosa 619
Acinetobacter spp. 100 Acinetobacter spp. 100
S. aureus 2422 S. aureus 2422
S. pneumoniae 449 S. pneumoniae 449
E. faecalis 1082 E. faecalis 1082
E. faecium 575 E. faecium 575
0 20 4'0 60 80 100 [¢] 2'0 4'0 6'0 8'0 160
Sex (%) Age category in years (%)
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Tiirkiye

Participating institutions
Ministry of Health, General Directorate of Public Health

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Tiirkiye, 2017-2021

Estimated national population coverage (%)

Geographical representativeness ngh ngh ngh H|gh H|gh
Hospital representativeness High High High High High
Isolate representativeness Medium Medium Medium Medium Medium
Blood culture sets/1 000 patient days? 31(4-110) 32 (4-110) 23 (1-99) 28 (2-106) 42(3-133)

Definitions provided on page 11.
3 Data are presented as mean (range).

Laboratories contributing data: use of clinical breakpoint guidelines and participation in CAESAR EQA, Tiirkiye,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines
Percentage of laboratories participating in CAESAR EQA 68 79 58 94 89

Annual number of reporting laboratories,* number of reported isolates and percentage® of isolates reported from
patients in ICUs, Tiirkiye, 2017-2021

201 | ws [ amy [ a0 [ am

Sl S " | famict o | femich S | fomics o
(%) (%) (%)

E. coli 69 4459 16 67 5056 13 70 4999 12 70 4363 14 66 4977 26
K. pneumoniae 68 3232 36 67 3833 34 69 4167 28 70 4534 32 66 4851 58
P. aeruginosa 66 1605 33 65 177 31 64 1727 29 66 1556 26 65 1868 50
Acinetobacter spp. 67 2620 45 66 2754 44 68 2477 42 69 3170 45 64 3516 83
S. aureus 68 3230 23 66 3354 2 69 3475 14 70 3614 20 66 3881 35
S. pneumoniae 45 235 24 43 253 12 40 227 16 39 132 17 35 158 29
E. faecalis 65 1735 37 67 1944 35 66 1976 32 69 2135 34 63 2166 56
E. faecium 65 1585 34 65 1669 32 66 1829 27 68 2204 31 65 2567 63

Labs: laboratories.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b Isolates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Tiirkiye, 2021

@ (b) S
== Male = Female  ==m Unknown BN 20-64 M 65and over [ Unknown
E. coli 4977 E. coli 4977
K. pneumoniae 4851 K. pneumoniae 4851
P. aeruginosa 1868 P. aeruginosa 1868
Acinetobacter spp. 3516 Acinetobacter spp. 3516 n
S. aureus 3881 S. aureus 3881
S. pneumoniae 158 S. pneumoniae 158
E. faecalis 2166 E. faecalis 2166
E. faecium 2567 E. faecium 2567
c') 2'0 4'0 6'0 8'0 1c'>0 0 2'0 4'0 6'0 8'0 160
Sex (%) Age category in years (%)
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Turkmenistan

Participating institutions
State Sanitary-Epidemiological Services, Ministry of Health and Medical Industry

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Turkmenistan,
2017-2021

Estimated national population coverage (%)

Geographical representativeness ND ND ND ND Low
Hospital representativeness ND ND ND ND Low
Isolate representativeness ND ND ND ND Low
Blood culture sets/1 000 patient days? ND ND ND ND ND

ND: no data available.
Definitions provided on page 11.

Laboratories contributing data: use of clinical breakpoint guidelines and participation in CAESAR EQA, Turkmenistan,
2017-2021

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines ND ND ND ND 90
Percentage of laboratories participating in CAESAR EQA ND ND ND ND NA

ND: no data available.
NA: not applicable.

Annual number of reporting laboratories,* number of reported isolates and percentage® of isolates reported from
patients in ICUs, Turkmenistan, 2017-2021

2017 e [ amy [ aw0 | am

Bacterial species Labs Isolates | Isolates | Labs | Isolates | Isolates | Labs | lIsolates | Isolates | Labs | lsolates | Isolates | Labs | lIsolates | Isolates
(n) from ICU (] () |[fromICU| (n) (n) [fromICU| (n) (n) from ICU (n) (n) from ICU

(%) (%)
NA

E. coli ND ND ND ND ND ND ND ND ND ND 2

K. pneumoniae ND ND ND ND ND ND ND ND ND ND ND ND 2 17 NA
P. aeruginosa ND ND ND ND ND ND ND ND ND ND ND ND 3 16 NA
Acinetobacter spp. ND ND ND ND ND ND ND ND ND ND ND ND 1 2 NA
S. aureus ND ND ND ND ND ND ND ND ND ND ND ND 3 5 NA
S. pneumoniae ND ND ND ND ND ND ND ND ND ND ND ND 2 2 NA
E. faecalis ND ND ND ND ND ND ND ND ND ND ND ND 1 1 NA
E. faecium ND ND ND ND ND ND ND ND ND ND ND ND 2 5 NA

Labs: laboratories.

ND: no data available.

NA: not applicable.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b Isolates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which 2 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Turkmenistan, 2021

(@) (b) 0-4 [ 5-19
 Male m Female  Unknown HEN 20-64 M 65andover mm Unknown
E. coli 2 E. coli 2
K. pneumoniae 17 K. pneumoniae 17
P. aeruginosa 16 P. aeruginosa 16
Acinetobacter spp. 2 " Acinetobacter spp. 2 n
S. aureus 5 S. aureus 5
S. pneumoniae 2 S. pneumoniae 2
E. faecalis 1 E. faecalis 1
E. faecium 5 E. faecium 5
0 20 4'0 6'0 80 100 c') 2'0 4'0 6'0 8'0 160
Sex (%) Age category in years (%)
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Ukraine

Participating institutions

Bacteriological Research Sector Reference Laboratory for the Diagnosis of Tuberculosis, Bacterial, Parasitic and
Particularly Dangerous Pathogens, Public Health Center, Ministry of Health

Population and hospitals contributing data: coverage, representativeness and blood culture rate, Ukraine, 2017-2021

Estimated national population coverage (%)

Geographical representativeness Medium Medium Medium Medium Medium
Hospital representativeness Low Low Medium Medium High
Isolate representativeness Low Low Low Low Low
Blood culture sets/1 000 patient days? ND 9(3-12) 3(1-12) 3(2-15) 5(0-25)

ND: no data available.
Definitions provided on page 11.
3 Data are presented as mean (range).

Laboratories contributing data: use of clinical breakpoint guidelines and participation in CAESAR EQA, Ukraine,
2017-2021

75 100 100 100 100

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines
Percentage of laboratories participating in CAESAR EQA 100 100 100 100 NA

NA: not applicable.

Annual number of reporting laboratories,? number of reported isolates and percentage® of isolates reported from
patients in ICUs, Ukraine, 2017—2021

2017

Bacterial species Isolates Isolates Isolates Isolates Isolates
()] from ICU (O] (n) from ICU () (n) from ICU (n) (n) from ICU (n) (n) fro(r‘r)} ;CU

E. coli 3 4 6

K. pneumoniae 4 30 50 4 38 50 6 75 58 10 102 NA 24 229 69

P. aeruginosa 2 9 NA 3 10 NA 5 16 NA 6 28 50° 15 59 62

Acinetobacter spp. 4 32 32 4 29 48 7 44 65 9 52 56 20 135 76

S. aureus 4 20 20¢ 4 22 41 7 68 40 n 91 10 26 198 37

S. pneumoniae 2 6 NA 1 1 NA 3 8 NA 2 9 NA 7 14 NA

E. faecalis 4 31 23 4 29 21 7 46 33 10 54 30 18 109 65

E. faecium 2 12 NA 2 8 NA 4 12 NA 7 23 NA 13 59 76

Labs: laboratories.

NA: not applicable.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b |solates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which = 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

¢ Asmall number of isolates were tested (n < 30), and the percentage of isolates from ICUs should be interpreted with caution. See Annex 3 for more information.

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, Ukraine, 2021

@ (b) 0-4  WEN5-19
m Male B Female = Unknown HEN 20-64 M 65and over mam Unknown
E. coli 77 E. coli 77
K. pneumoniae 229 K. pneumoniae 229
P. aeruginosa 59 P. aeruginosa 59
Acinetobacter spp. 135 Acinetobacter spp. 135,
S. aureus 198 S. aureus 198
S. pneumoniae 14 S. pneumoniae 14
E. faecalis 109 E. faecalis 109
E. faecium 59 E. faecium 59
0 20 4'0 60 80 100 [¢] 20 4'0 6'0 8'0 100
Sex (%) Age category in years (%)
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United Kingdom

Data for the United Kingdom includes England, Scotland and Northern Ireland

Participating institutions

UK Health Security Agency (UKHSA)
Health Protection Scotland
Public Health Agency Northern Ireland

Population and hospitals contributing data: coverage, representativeness and blood culture rate, United Kingdom,
2017-2021

Estimated national population coverage (%)

Geographical representativeness ND Medium Medium Medium Medlum
Hospital representativeness ND High High High High
Isolate representativeness ND High High High High
Blood culture sets/1 000 patient days? ND ND ND ND 51(0-187)

ND: no data available.
Definitions provided on page 11.
a Data are presented as mean (range).

Laboratories contributing data: use of clinical breakpoint guidelines and participation in CAESAR EQA, United
Kingdom, 2017-2021

96 100 100 100 100

Percentage of laboratories using EUCAST or EUCAST-harmonised guidelines
Percentage of laboratories participating in CAESAR EQA 82 82 84 NA 6

NA: not applicable.

Annual number of reporting laboratories,> number of reported isolates and percentage® of isolates reported from
patients in ICUs, United Kingdom 2017—2021

2017
(n) (n) from ICU (n) (n) from ICU (n) (n) from ICU (n) (n) from ICU (n) (n) from ICU

E. coli 28599 NA 29534 NA 91 30225 25018 11 33342

K. pneumoniae 93 5040 NA 92 5302 NA 91 5428 NA 90 4760 NA 118 7013 NA
P. aeruginosa 92 2673 NA 88 2575 NA 89 2764 NA 88 2382 NA 17 3751 NA
Acinetobacter spp. 86 740 NA 79 682 NA 83 743 NA 84 594 NA 107 895 NA
S. aureus 94 9003 NA 9 8559 NA 91 9462 NA N 8367 NA 120 1707 NA
S. pneumoniae 90 3887 NA 87 4065 NA 89 4009 NA 86 1610 NA 17 2061 NA
E. faecalis 91 2529 NA 90 2608 NA 86 2681 NA 85 2500 NA 116 3693 NA
E. faecium 89 2112 NA 86 2488 NA 88 2473 NA 86 2454 NA 116 3860 NA

Labs: laboratories.

NA: not applicable.

3 Number of laboratories reporting at least one isolate during the specific year. The total number of participating laboratories might be higher.

b Isolates with missing information on hospital department are excluded from the calculation, and the percentage of isolates from ICU is presented only if there are
220 isolates of which = 70% have data on hospital department. If not, the percentage is presented as not applicable (NA).

Percentage of isolates by patient sex (a) and age group (b), by bacterial species, United Kingdom, 2021

@ (b) ooy e sea
 Male I Female e Unknown N 20-64 MM 65and over = Unknown
E. coli 33342 E. coli 33342
K. pneumoniae 7013 K. pneumoniae 7013
P. aeruginosa 3751 P. aeruginosa 3751
Acinetobacter spp. 895 N Acinetobacter spp. 895
S. aureus 11707 S. aureus 11707
S. pneumoniae 2061 S. pneumoniae 2061
E. faecalis 3693 E. faecalis 3693
E. faecium 3860 E. faecium 3860
0 20 4'0 6'0 8'0 100 o) 2'0 4'0 6'0 8'0 1(')0
Sex (%) Age category in years (%)
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Annex 1. Participating institutions

EU/EEA
Austria

Belgium

Bulgaria

Croatia

Cyprus
Czechia

Denmark

Estonia

Finland

France

Germany
Greece

Hungary
Iceland

Ireland

Italy

Latvia
Liechtenstein
Lithuania

Luxembourg

Malta
Netherlands

Norway

Poland

Portugal

Romania
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Federal Ministry of Health and Women’s Affairs
Medical University Vienna
Ordensklinikum Linz, Elisabethinen

Sciensano

National Center of Infectious and Parasitic Diseases

Reference Center for Antimicrobial Resistance Surveillance

Ministry of Health Zagreb University Hospital for Infectious Diseases "Dr Fran
Mihaljevic"

Microbiology Department, Nicosia General Hospital
National Institute of Public Health

National Reference Laboratory for Antibiotics

Statens Serum Institut

Danish Study Group for Antimicrobial Resistance Surveillance (DANRES)
Estonian Health Board

East-Tallinn Central Hospital

Tartu University Hospital

Finnish Institute for Health and Welfare, Department of Health Security
Finnish Study Group for Antimicrobial Resistance (FiRe)

Finnish Hospital Infection Program (SIRO)

Santé Publique France
Since 2020:

Surveillance and Prevention of Antimicrobial RESistance in hospital settings
(SPARES)

National Reference Centre for Pneumococci
Up to 2019:

French National Observatory for the Epidemiology of Bacterial Resistance to
Antimicrobials (ONERBA) through three participating networks: Azay-Résistance;
Ile-de-France; Réussir

Robert Koch Institute
National Public Health Organization, Central Public Health Laboratory

University of West Attica, Department of Public Health Policy, School of Public
Health

National Public Health Center

National University Hospital of Iceland

Centre for Health Security and Infectious Disease Control
Akureyri Hospital

Health Protection Surveillance Centre

National Institute of Health

Disease Prevention and Control Center of Latvia

National Public Health Surveillance Laboratory

Institute of Hygiene

National Health Laboratory

Microbiology Laboratory, Centre Hospitalier de Luxembourg

Malta Mater Dei Hospital, Msida

National Institute for Public Health and the Environment
University Hospital of North Norway

Norwegian Institute of Public Health

St Olav University Hospital, Trondheim

National Medicines Institute, Department of Epidemiology and Clinical Microbiology
National Reference Centre for Susceptibility Testing
National Institute of Health Doutor Ricardo Jorge
Ministry of Health Directorate-General of Health
Directorate-General of Health

National Institute of Public Health

www.bmgf.gv.at
www.meduniwien.ac.at
www.ordensklinikum.at
www.sciensano.be

https://ncipd.org/index.php?option=com
content&view=featured&Itemid=730&la
ng=en
https://bfm.hr/referentni-centar-za-pracenje-
rezistencije-bakterija-na-antibotike/

https://bfm.hr

https://shso.org.cy/clinic/mikroviologiko/

WWW.SZU.CZ

http://www.szu.cz
national-reference-laboratory-for-antibiotics

www.danmap.org
https://www.terviseamet.ee/et
https://itk.ee

https://www.kliinikum.ee/partnerile/
uhendlabor,

www.thL.fi

www.finres.fi

thl.fi/en/web/infectious-
diseases/surveillance/

healthcare-associated-infections
www.santepubliquefrance.fr

https://www.preventioninfection.fr/

Www.cnr-pneumo.com

www.onerba.org

www.rki.de

www.oek.hu

https://www.landspitali.is
https://www.landlaeknir.is
www.sak.is

www.hpsc.ie

WWW.iss.it

www.spkc.gov.lv

www.nvspl.lt
www.hi.lt
https://Ins.lu

https://www.chl.lu/fr/service/
laboratoire-de-bacteriologie-microbiologie

www.rivm.nl

https://www.nil.gov.pl

https://korld.nil.gov.pl
www.insarj.pt

WWW.insp.gov.ro
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https://ncipd.org/index.php?option=com_content&view=featured&Itemid=730&lang=en
https://ncipd.org/index.php?option=com_content&view=featured&Itemid=730&lang=en
https://bfm.hr/referentni-centar-za-pracenje-rezistencije-bakterija-na-antibotike/
https://bfm.hr/referentni-centar-za-pracenje-rezistencije-bakterija-na-antibotike/
https://bfm.hr/
https://shso.org.cy/clinic/mikroviologiko/
http://www.szu.cz
http://www.szu.cz/national-reference-laboratory-for-antibiotics
http://www.szu.cz/national-reference-laboratory-for-antibiotics
https://www.ssi.dk/
http://www.danmap.org
https://www.terviseamet.ee/et
https://itk.ee/
https://www.kliinikum.ee/partnerile/uhendlabor/
https://www.kliinikum.ee/partnerile/uhendlabor/
http://www.thl.fi
http://www.finres.fi
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https://www.landlaeknir.is
http://www.sak.is
http://www.hpsc.ie
http://www.iss.it
http://www.spkc.gov.lv
http://www.nvspl.lt
http://www.hi.lt
https://lns.lu/
https://www.chl.lu/fr/service/laboratoire-de-bacteriologie-microbiologie
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Country Participating institutions Web link
Slovakia National Reference Centre for Antimicrobial Resistance
Public Health Authority of the Slovak Republic https://www.uvzsr.sk
Regional Public Health Authority Banska Bystrica
Slovenia National Institute of Public Health WWW.nijz.si
Medical Faculty, University of Ljubljana https://imi.si
National Laboratory of Health, Environment and Food https://www.nlzoh.si/
Spain Health Institute Carlos Il https://www.isciii.es
National Centre for Microbiology
Sweden The Public Health Agency of Sweden www.folkhalsomyndigheten.se
WHO European Region (excluding EU/EEA)
Albania Institute of Public Health https://www.ishp.gov.al
Armenia Public Health Department, Ministry of Health ?;ézf(:é/i\év:vivivéwllgzr%/?section=m
Azerbaijan Sector of Sanitary Epidemiological Surveillance, Ministry of Health https://sehiyye.gov.az,
RS Laboratory for Clinical and Experimental Microbiology, Republican Research and s el )

Practical Center for Epidemiology and Microbiology
Bosnia and Herzegovina Clinical Microbiology Department, Clinical Center University of Sarajevo https://www.kcus.ba/

Department of Microbiology, Department of Clinical Microbiology/University Clinical

Centre of Republika Srpska https://www.kc-bl.com/En/?page _id=1989

Georgia National Center for Disease Control and Public Health https://www.ncdc.ge/#/home
Kazakhstan National Center on Public Health Development, Ministry of Health %ﬁ%gw
Kosovo' Department of Medical Microbiology, Institute of Public Health of Kosovo* http://niph-rks.or
Kyrgyzstan Public Health Department, Ministry of Health
Moldova National Agency for Public Health, Ministry of Health https://ms.gov.md/en/
Montenegro Department of Bacteriology, Institute of Public Health https://www.ijzcg.me/
North Macedonia Laboratory for Bacteriology, Department of Microbiology, Institute of Public Health mitcprsozl{i/gvlgw.iph.mk/en/laborm[
Russia Institute of Antimicrobial Chemotherapy, Smolensk State Medical Academy https://www.antibiotic.ru/

Department of Clinical Microbiology with the Reference Laboratory for Bacterial
Serbia Resistance to Antimicrobials, Centre for Microbiology, Institute of Public Health of http://izjzv.org.rs/?Ing=eng&link=10-38

Vojvodina, Novi Sad

Swiss Centre for Antibiotic Resistance, Institute for Infectious Diseases, University

of Bern https://www.anresis.ch

Switzerland

o State Sanitary Epidemiology Surveillance Service, Ministry of Health and Social . .
Tajikistan Protection of the Population https://moh.ti/en
il e Department of Microbiology Reference Laboratories and Biological Products, https://hsgm.saglik.gov.tr/tr/
v General Directorate of Public Health, Ministry of Health mikrobiyoloji-anasayfa

Department of Acute Dangerous Disease Surveillance, State Sanitary Epidemiology
Service, Ministry of Health and Medical Industry

Reference Laboratory for Microbiological and Parasitological Research, Public

Turkmenistan

Ukraine Health Center, Ministry of Health https://phc.org.ua
. . . https://www.gov.uk/government
United Kingdom UK Health Security Agency organisations/uk-health-security-agency
Public Health Agency Northern Ireland https://www.publichealth.hscni.net/
Health Protection Scotland https://www.hps.scot.nhs.uk
. AMR Reference Center, Research Institute of Epidemiology, Microbiology and o
Uzbekistan Tt iseeses https://uzinfectology.uz/

1 This designation is without prejudice to positions on status, and is in line with UN Security Council Resolution 1244 and the International Court of Justice Opinion
on the Kosovo Declaration of Independence.
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Annex 2. Tripartite Antimicrobial resistance Country Self-assessment
Survey (TrACSS) 2022

Multisector and One Health collaboration/coordination (Indicator 2 in Table 6)

A. No formal multisectoral governance or coordination mechanism on antimicrobial resistance (AMR) exists.
B. Multisectoral coordination mechanism on AMR established with Government leadership.

C. Formalised multisector coordination mechanism with technical working groups established with clear terms of reference, regular meetings, and funding for working group(s)
with activities and reporting/accountability arrangements defined.

D. Joint working on issues including agreement on common objectives.
E. Integrated approaches used to implement the national AMR action plan with relevant data and lessons learned from all sectors used to adapt implementation of the action
plan.

Country progress with development of a national action plan on AMR (Indicator 3 in Table 6)

. No national AMR action plan under development.

. National AMR action plan developed.

. National AMR action plan approved by government and is being implemented.

. National AMR action plan has costed and budgeted operational plan and has monitoring mechanism in place.

m o O W >

. Financial provision for the National AMR action plan implementation is included in the national plans and budgets.

National surveillance system for AMR in humans (Indicator  in Table 6)

A. No capacity for generating data (antibiotic susceptibility testing and accompanying clinical and epidemiological data) and reporting on antibiotic resistance.
B. AMR data is collated locally for common bacterial infections in hospitalised and community patients, but data collection may not use a standardised approach and lacks
national coordination and/or quality management.
C. AMR data are collated nationally for common bacterial infections in hospitalised and community patients, but national coordination and standardisation are lacking.
D. There is a standardised national AMR surveillance system collecting data on common bacterial infections in hospitalised and community patients, with established network
of surveillance sites, designated national reference laboratory for AMR, and a national coordinating centre producing reports on AMR.
. The national AMR surveillance system links AMR surveillance with antimicrobial consumption and/or use data for human health.

Infection prevention and control (IPC) in human healthcare (Indicator 8 in Table 6)

A. No national IPC programme or operational plan is available.
B. Anational IPC programme or operational plan is available. National IPC and water, sanitation and hygiene (WASH) and environmental health standards exist but are not fully
implemented.

C. Anational IPC programme and operational plan are available and national guidelines for healthcare IPC are available and disseminated. Selected health facilities are
implementing the guidelines, with monitoring and feedback in place.

D. National IPC programme available according to the WHO IPC core components guidelines and IPC plans and guidelines implemented nationwide. All healthcare facilities have
a functional built environment (including water and sanitation), and necessary materials and equipment to perform IPC, per national standards.

E. IPC programmes are in place and functioning at national and health facility levels according to the WHO IPC core components guidelines. Compliance and effectiveness are
regularly evaluated and published. Plans and guidance are updated in response to monitoring.

Optimising antimicrobial use in human health (Indicator g in Table 6)

A. No/weak national policies for appropriate antimicrobial use including availability, quality, and disposal of antimicrobials.

w

. National policies promoting appropriate antimicrobial use/antimicrobial stewardship activities developed for the community and healthcare settings.
C. National guidelines for appropriate use of antimicrobials are available and antimicrobial stewardship programs are being implemented in some healthcare facilities.

D. National guidelines for appropriate use of antimicrobials are available and antimicrobial stewardship programs are being implemented in most healthcare facilities
nationwide. Monitoring and surveillance results are used to inform action and to update treatment guidelines and essential medicines lists.

E. National guidelines on optimising antibiotic use are implemented for all major syndromes and data on use is systematically fed back to prescribers.

Source: WHO (1).

Reference

1. World Health Organization (WHO). Tripartite AMR country self-assessment survey — TrACSS (6.0) 2022. Geneva: WHO; 2022. Available at: https://www.
who.int/publications/m/item/tripartite-amr-country-self-assessment-survey---tracss-(6.0)-2022 , accessed 25 10 2022.
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Annex 3. Data quality and interpretation

The results presented in this report — regional results,
inter-country comparisons and, in some cases, national
trends — should be interpreted with caution. Several
factors may influence the estimates and may result in
over- as well as under-estimation of antimicrobial resist-
ance (AMR) percentages.

Random versus systematic error

Every measurement includes a risk of deviation from
the true value due to either random or systematic
error. Random error, also known as natural variation or
chance variation, may not be error in the strict sense,
but arises from unpredictable factors influencing the
measurement. As a consequence, results will differ
across measurements, even when measurement condi-
tions are the same. Some measurement outcomes will
be higher than the true value, others will be lower than
the true value. On the other hand, systematic error is
consistent, repeated error associated with the study
design or data analysis, or with flawed measurement
equipment. Systematic error consistently under- or over-
estimates the true value in the same direction for all
measurements.

When combining results from multiple measurements,
deviations due to random error (under- and over-esti-
mations occurring in single measurements) cancel out
and the average is a good estimation of the true aver-
age, assuming no systematic error and provided that
the number of measurements is sufficiently large (see
section on ‘Sampling variation’ below). However, as sys-
tematic error leads to either under- or over-estimation
of the true value for all measurements, the average will
also be under- or over-estimated. This deviation from the
true average is called bias. The overall degree of bias in
the data collected is the net result of different sources
of systematic error that can each lead to deviation from
the true average in a different direction (under- or over-
estimation) and to a different extent.

Random error will occur with every measurement, and
investigators can only reduce the amount of error to a
certain extent. Systematic error, on the other hand, can
be significantly reduced by careful consideration of
certain aspects of the data-generation process. When
systematic error cannot be avoided, it is important (if
possible) to evaluate the resulting bias, its extent and
direction. Common sources of error and bias in AMR
surveillance data are described in detail below and sum-
marised in Table A3.1.

Random error

Sampling variation

The aim of the European Antimicrobial Resistance
Surveillance Network (EARS-Net) and the Central Asian

and European Surveillance of Antimicrobial Resistance
(CAESAR) network is to provide an overview of average
AMR percentages in invasive isolates for a particular
country. The population of interest (target population)
is all patients with those infections. However, for practi-
cal reasons it often is not possible to include data from
blood or cerebrospinal fluid (CSF) samples for all these
patients and therefore data may be collected from a
selection (sample) instead. Each patient from whom a
blood or CSF sample is taken, and each bacterial strain
isolated from them, is different. When all the measure-
ments for these patients are combined, the average
reflects the group of patients who were sampled. When
the group is small, the average may not reflect the true
average for the target population because it is pos-
sible that, by chance, a lower or higher proportion of
patients with resistant infections are sampled than the
distribution in the target population. Fig. A3.1 shows
that the larger the sample size, the closer the average
in the sample will be to the average in the target group.
Finding (by chance) only one more or one less resistant
isolate in a sample affects the average found in smaller
samples much more than the average for larger sam-
ples. In other words, AMR percentages based on small
sample sizes are, to a larger extent, affected by random
sampling variation and potential outbreaks of resistant
pathogens, whereas percentages based on large sample
sizes are more likely to approximate the true average
(provided there is no systematic error).

Measurement variation

Random error also arises from slight variations in how
measurement procedures are applied across measure-
ments. For example, the concentration of an inoculum
that is plated out when testing antimicrobial suscepti-
bility using disk diffusion will vary each time. Random
variation in the concentration of the inoculum will result
in larger inhibition zones for some samples and smaller
zones for others. Depending on the specific breakpoints
applied to these zones, this may lead to variation in
categorising isolates as susceptible, standard dos-
ing regimen (S), susceptible, increased exposure (1) or
resistant (R). Random measurement variation will be
a combination of variation in both directions, and the
larger the sample, the more likely it is that these will
cancel out when results are combined. In antimicrobial
susceptibility testing (AST), the variation depends on
the skills of laboratory technicians and the variation
that arises from measurements taken by different tech-
nicians. Standardising procedures, training laboratory
staff and ensuring quality are essential to minimise ran-
dom measurement variation.
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Systematic error

Bias related to sampling
Participating sites

Ideally, all medical microbiology laboratories should be
included to obtain a representative assessment of AMR
in a country. As this may not be feasible in practice, the
selection of participating laboratories in the surveillance
system should be representative of all laboratories.
Laboratories from different geographical and climatic
regions of the country, rural and urban areas and lab-
oratories processing samples from different patient
populations (hospital types and departments) should
therefore be included. For reasons of convenience, it is
often only the more advanced laboratories, which are
most likely to be located in urban areas and provid-
ing services for specialised or tertiary-care facilities,
that are included. Consequently, the data will reflect
an under-representation of patients treated in general
hospitals in rural areas, in whom AMR is generally lower
than in patients whose samples are tested by more
advanced laboratories. The results will therefore be

biased towards higher percentages and will not neces-
sarily be generalisable to the overall patient population.

Patients

When surveillance is based on routine diagnostic test-
ing (passive surveillance), as in this report, data should
be interpreted with extra caution. The data used in this
type of surveillance are not generated with surveillance
as the primary objective, but as part of routine patient
care. The data therefore reflect only patients who were
judged by clinicians to be eligible for bacteriology diag-
nostics, taking clinical predictions into consideration.
Often, samples are predominantly taken from severely
ill patients, patients with recurrent infections for whom
treatment is problematic or patients strongly sus-
pected of having resistant infections. Healthy patients
with uncomplicated infections are less likely to have a
sample taken. The data will therefore reflect an under-
representation of patients with uncomplicated infections
—in whom AMR generally is lower than in patients with
complicated infections — and AMR results will be biased
towards higher percentages. In active surveillance, by
contrast, clear case definitions are generally used to
identify patients who need to be sampled - to reduce

Fig. A3.1 AMR percentages obtained in various small and larger samples from a target population with a true AMR

percentage of 20%

000000000OCOOCGCOOS
0000000000000 0 0O Resistance percentage sample 1: 8/45 =17.8%
000000000OCOCGOOCOS
0000000000000 0°
0000000OCGOGCOGOOOGOS
0000000000000 0 0 Resistance percentage sample 2: 11/45 = 24.4%
0000000000OCOCGOGOSTS
Sample size: n = 45 00000000000OCGOCO0CFC
00000000OC0OCGCOOOOO
0000000000000 00O Resistance percentage sample 3: 10/45 = 22.2%
000000000000OC00CGO
0000000000O0OCOCOCOCTS
00000000OCOCGOOOOS
0000000000000 0 0 Resistance percentage sample 4: 7/45 = 15.6%
000000000OCOCOCOOCOS

True resistance percentage in target
population: 45/225 = 20.0%

Resistance percentage sample 1: 22/105 = 21.0%

Sample size: n = 105

Resistance percentage sample 2: 20/105 = 19.0%

True resistance percentage in target
population: 45/225 = 20.0%
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the influence of clinical judgement or other factors lead-
ing to selective patient sampling — and specific efforts
are made to attain a representative sample of the target
population.

Obtaining results that are representative of the target
population requires ensuring that all patients fitting
the case definition are sampled. In the case of EARS-
Net and CAESAR, all patients presenting with signs of
a bloodstream infection, sepsis or meningitis should be
sampled. If only specific patient categories are sampled
(such as patients in intensive care units (ICU) or tertiary-
care institutions, or patients with chronic or recurring
infection, relapses or treatment failure), the AMR per-
centage will be over-estimated, as these patients will
have been subjected to selective pressure of antimi-
crobial agents and will therefore be more likely to be
infected with a resistant microorganism.

The use of microbiological diagnostics depends on
financial and logistic possibilities outside the control of
a surveillance system. For example, not every eligible
patient may be sampled in routine clinical care if bac-
teriology diagnostics are not reimbursed through health
insurance, laboratory capacity is limited, or results are
not communicated in a sufficiently timely manner to
influence clinical decision-making. Patients may have
samples taken after antimicrobial therapy has already
started or following self-treatment in settings where
over-the-counter sale of antibiotics is common. This
results in an under-representation of infections that
respond to first-line antibiotics with consequent over-
estimation of AMR percentages.

Timing

The timing of sample collection may also influence the
AMR percentages found. Ad hoc or convenience sam-
pling for a limited period, especially during outbreaks,
will bias results. This can to some extent be overcome by
sampling throughout the year.

Bias related to laboratory procedures
Measurement error

Measurement values vary whenever measurements are
taken. In addition to random variation, systematic error
in measurements may occur. For example, when the agar
depth of plates used for disk diffusion is consistently
too small, inhibition zones will be over-estimated for all
isolates. Depending on the specific breakpoints applied
to these zones, this may lead to isolates being catego-
rised S when they should be I, or | when they should be
R. Since the error is made in the same direction for all
isolates, they do not cancel out and AMR will be under-
estimated when combining the results. Systematic
measurement error occurs when laboratory procedures
are not followed, when poor-quality laboratory materials
are used (such as old growth media or expired antimicro-
bial disks) or when automated systems are damaged, or
not properly calibrated. Systematic error can also occur
in species identification. Correctly identifying species

is important for interpreting the percentages of AMR.
Some species are more clinically relevant than others,
and their capacity to acquire AMR or their intrinsic AMR
varies. Sometimes the data clearly suggest problems
with species identification. For example, a high percent-
age of ampicillin resistance in Enterococcus faecalis may
be the result of Enterococcus faecium being misclassi-
fied as Enterococcus faecalis.

A laboratory quality-management system and regular
application of internal quality-assurance procedures
facilitates the timely detection and correction of sys-
tematic error in laboratory procedures. Auditing and
accreditation schemes in conjunction with external
quality assessment (EQA) programmes ensure that labo-
ratories adhere to national quality standards.

It should be noted that specific highly resistant
microorganisms or exceptional antimicrobial-resist-
ant phenotypes (such as carbapenem-resistant
Enterobacterales) may need confirmation by additional
testing to assess whether the findings are correct or
a result of laboratory error. This double-checking of
results is important because finding these types of
organisms may have considerable consequences for
empirical antimicrobial therapy and for IPC policies.

AST procedures and interpretation

To ensure accurate results, AST should be performed
according to scientifically-validated guidelines. Both
the European Committee on Antimicrobial Susceptibility
Testing (EUCAST) and the Clinical and Laboratory
Standards Institute provide comprehensive methodo-
logical guidelines for routine AST, confirmatory testing
and interpretation of results. Laboratory methods and
interpretive criteria (clinical breakpoints) may differ,
depending on the guidelines and change over time.
For example, a Klebsiella pneumoniae isolate with an
inhibition zone of 16 mm for imipenem is considered |
when EUCAST breakpoints 2018 are applied, but R with
EUCAST 2019 breakpoints. AST results may therefore
be incomparable across laboratories using different
(versions of) guidelines, and time trends in the AMR
percentage may be affected by, or occur as a result of
changes in breakpoints used by laboratories over time.

In practice, when interpreting AST results in the con-
text of routine patient care, expert rules are often
used in addition to clinical breakpoints. For example,
if Staphylococcus aureus is resistant to cefoxitin, it is
reported as resistant to all beta-lactam antimicrobial
agents, with the possible exception of ceftaroline and/
or ceftobiprole. Expert rules are provided by EUCAST, but
laboratories or surveillance systems may also use differ-
ent expert rules, which complicates the comparison of
data obtained in different laboratories or countries.

It is important that susceptibility to all indicated anti-
microbial agents is tested for each isolate included in
surveillance. Differential or sequential testing, such
as testing carbapenems only when resistance to third-
generation cephalosporins is found or only for patients
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suspected of a resistant infection, will lead to under-rep-
resentation of isolates susceptible to carbapenems and
over-estimation of the resistance percentage.

Bias related to data-analysis procedures

Patients are often sampled repeatedly during their
infection episode for diagnostic purposes or to assess
therapeutic response. Follow-up samples more often are
required in patients with infections caused by resistant
microorganisms than those with infections due to sus-
ceptible microorganisms, since the latter are more likely
to be treated successfully with antimicrobial therapy. If
all follow-up isolates from the same patient are included
when calculating the proportion of AMR, resistant iso-
lates will be overrepresented, leading to overestimation
of the AMR percentage. To prevent this, EARS-Net and
CAESAR include only the first isolate per bacterial spe-
cies per person per year in analyses.

Data interpretation and generalisability

When interpreting AMR surveillance data, it is important
to evaluate the extent to which the results obtained in
the sample are likely to be a good estimate of the aver-
age AMR percentage in the target population. Unless all
patients can be sampled the true AMR percentage in the
target population is always unknown, but assumptions
can be made according to the representativeness of
the sample. Whether they involve the selection of par-
ticipating sites or of patients eligible for bacteriology

diagnostics in routine clinical care, the issues related to
sampling mentioned in the section ‘Bias related to sam-
pling’ above may lead to a sample of specific patients in
which the average AMR percentage deviates from that in
the target population — a biased estimate of the AMR per-
centage in which EARS-Net and CAESAR are interested.
It is therefore important to realise that results obtained
in a population of ICU patients in tertiary-care facilities,
for instance, can and should be interpreted as applica-
ble to this specific patient population, but may not be
generalisable to patient types that were not included
(such as those in general hospitals). However, for the
purposes of obtaining an estimate of the AMR percent-
agein a target population of ICU patients in tertiary-care
facilities (to develop empirical therapy guidelines for
this specific population, for example), a sample of ICU
patients from a selection of tertiary-care facilities in
the country would probably result in a fairly unbiased
estimate. In other words, the conclusion as to whether
results obtained in a sample are biased depends on the
target population of interest.

Data quality by country

To be able to evaluate the quality and representative-
ness of data from individual countries presented in this
report, Table A3.2 presents information on coverage of
the surveillance system, data representativeness and
blood culture rate, by country.

Table A3.1 Common sources of error and bias in antimicrobial resistance surveillance data

Type of error]bias I T

Sampling variation

Random error

Measurement variation procedures.

Selection of participating sites
areas.

Sampling of severe cases only, patients with treatment
failure, or patients strongly suspected of having a

Selection of patients
resistant infection.

Timing of sampling

Natural variation between patients.

Test-to-test variation in application of laboratory

Sampling cases over a limited period of time.

Increase sample size.

Increase sample size.

Standardise procedures.

Provide continuous training of laboratory staff.
Set up quality-assurance systems.

Bias related to sampling

Selecting sites for specific patient populations only,
such as specialised or tertiary-care hospitals in urban

Select a mixture of hospital types from different
geographical regions.

Improve case ascertainment: promote sampling of all
cases with signs of bloodstream infection or meningitis
from all types of hospital departments and prior to
treatment initiation (active case-finding).

Sample cases continuously throughout the year.

Bias related to laboratory procedures

Provide continuous training of laboratory staff.

Systematic error  Measurement error

AST procedures and interpretation

Selection of isolates
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Improper application of laboratory methods, such as
errors in preparing media for disk diffusion.

Use of inadequate laboratory materials, such as expired
or non-quality-controlled antimicrobial disks.

Damaged and/or poorly calibrated equipment, such as
out-of-date firmware used with automated systems.

Use of non-uniform AST methods, such as out-of-date
guidelines.

Use of different expert rules across laboratories for
interpretation of AST.

Sequential or differential testing of antibiotics, such as
testing susceptibility for carbapenems only if isolate is
resistant to third-generation cephalosporins.

Bias related to data analysis procedures

Inclusion of follow-up isolates from individual patients.

Procure high-quality and quality-controlled materials
and consider expiration dates.

Set up and implement laboratory quality-assurance
systems.

Perform confirmatory testing of isolates with rare or
unusual AMR, or with AMR phenotypes of consequence
to clinical practice.

Use national standards based on international
guidelines for AST (such as EUCAST).

Collect crude quantitative data.

Test susceptibility to all indicator antimicrobials (uniform
test panel) for all isolates.

Use standardised data-analysis methods with the aim
of achieving equal representation of all patients in the
data.
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Table A3.2 Population and hospitals contributing data: coverage, representativeness and blood culture rate, WHO
European Region, 2021 (or latest available data)

. . A n Blood culture rate
Estimated national Geographical Hospital Isolate
population coverage® (%) representativeness¢ representativeness® (blooizggﬁ{_ediztsfi 000

EU/EEA
Austria ND High High High ND
Belgium 43 High High High 100.8f
Bulgaria 45 Medium Medium Medium .4
Croatia 100 High High High 383
Cyprus 75 High High High 73.8
Czechia 80 High High High 213
Denmark 100 High High High 251.0
Estonia 100 High High High 39.2
Finland 96 High High High 143.9
France 55¢ High High High 54.68
Germany 35 High Medium High ND
Greece 42 High High Medium ND
Hungary 90 High High High 22.0
Iceland 100 High High High 64.4
Ireland 96 High High High 56.5
Italy 61 High High High 66.6
Latvia 90 High Medium Medium 17.0
Liechtenstein ND ND ND ND ND
Lithuania 100 High High High 9.8
Luxembourg 100 High High High 424
Malta 95 High High High 37.7
Netherlands 68 High High High ND
Norway 94 High High High 87.4
Poland 20 Medium Medium High 54.7
Portugal 97 High High High 256.0
Romania 6 Low Low Low 327
Slovakia 56 High High High 321
Slovenia 99 High High High 46.8
Spain 31 Medium High High 165.4
Sweden 89 High High High ND
WHO European Region (excluding EU/EEA)
Albania ND ND ND ND ND
Andorra ND ND ND ND ND
Armenia ND Low Low Low 6(2-10)
Azerbaijan ND ND ND ND ND
Belarus 99 High High Low 8 (0-416)
Bosnia and Herzegovina 77 High High Medium 19 (6-52)
Georgia 80 High High Low 14 (0-204)
Israel ND ND ND ND ND
Kazakhstan ND Low Low Low 12 (321)
Kyrgyzstan ND ND ND ND ND
Moldova 49 High High Low 4(0-12)
Monaco ND ND ND ND ND
Montenegro 100 High High Low 6 (117)
North Macedonia 100 High High Low ND
Russia ND High Low Low 16 (1-46)
Serbia NA NA NA NA NA
Serbia excluding Kosovo" 78 High High Medium 23 (1-117)
Kosovo" 59 Medium Low Low 7
Switzerland 89 High High High ND
Tajikistan ND ND ND ND ND
Tiirkiye 28 High High Medium 42 (3-133)
Turkmenistan n Low Low Low ND
Ukraine 10 Medium High Low 5(0-25)
United Kingdom 32 Medium High High 51(0-187)
Uzbekistan ND ND ND ND ND
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Table A3.2 contd

Note: European Region comprises the 53 countries of the WHO European Region and Liechtenstein.
ND: no data available.
NA: not applicable.
For EARS-Net, as estimated by ECDC’s national focal points for AMR and/or operational contact points for AMR. Estimated national population coverage:
mean population coverage (%) of laboratories capable of reporting Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Staphylococcus aureus,
Enterococcus faecalis and Enterococcus faecium. Due to outliers in some countries, Streptococcus pneumoniae and Acinetobacter species are not included in the
calculation. For CAESAR, an estimate of the population coverage is based on the best estimates of the overall catchment population of the hospitals included in the
AMR surveillance network, as reported by the WHO AMR focal point.
Geographical representativeness. High: all main geographical regions of the country are covered. Medium: most geographical regions of the country are covered.
Low: only a few geographical areas of the country are covered. ND: no data available.
¢ Hospital representativeness. High: the hospital selection is representative of the acute care hospital distribution in the country. Medium: the hospital selection
is partly representative of the acute care hospital distribution in the country. Low: the hospital selection is poorly representative of the acute care hospital
distribution in the country.
d|solate representativeness. High: the isolate selection is representative of microorganisms causing invasive infections in the included hospitals. Medium: the
isolate selection is partly representative of microorganisms causing invasive infections in the included hospitals. Low: the isolate selection is poorly representative
of microorganisms causing invasive infections in the included hospitals. ND: no data available.
Blood culture rate, blood culture sets/1 ooo patient-days: refers to the number of blood culture sets per 1 ooo patient-days in hospitals served by EARS-Net/
CAESAR laboratories, and sent to these laboratories. The definition of a blood culture set and a patient-day might differ between and within countries and influence
the estimate. Blood culture rates are presented as the number of blood culture sets taken per 1 0ooo patient-days in hospitals providing AMR data. For EARS-Net
this is calculated by dividing the mean of the blood culture sets with the mean total number of patient-days of hospitals served by laboratories that provided the
number of blood culture sets performed for the following bacterial species: Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Staphylococcus
aureus, Enterococcus faecalis and Enterococcus faecium. For CAESAR, this is calculated in a similar manner to EARS-Net, with the exception that S. pneumoniae and
Acinetobacter spp. are included in the calculation, and with the range in individual hospitals included in parentheses. When the range is not presented, data apply
to one hospital only.
Not including Streptococcus pneumoniae network.
The S. pneumoniae network is not included. It has an estimated population coverage of 56%. Its surveillance protocol does not prescribe reporting of the number of
blood culture sets.
This designation is without prejudice to positions on status, and is in line with UN Security Council Resolution 1244 and the International Court of Justice Opinion on
the Kosovo Declaration of Independence.
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