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Background: Invasive infections caused by
Staphylococcus aureus have high clinical and epide-
miological relevance. It is therefore important to moni-
tor the S. aureus trends using suitable methods. Aim:
The study aimed to describe the trends of blood-
stream infections (BSI) caused by meticillin-resistant
S. aureus (MRSA) and meticillin-susceptible S. aureus
(MSSA) in the European Union (EU) and the European
Economic Area (EEA). Methods: Annual data on
S. aureus BSI from 2005 to 2018 were obtained from
the European Antimicrobial Resistance Surveillance
Network (EARS-Net). Trends of BSI were assessed at
the EU/EEA level by adjusting for blood culture set
rate (number of blood culture sets per 1,000 days of
hospitalisation) and stratification by patient charac-
teristics.Results: Considering a fixed cohort of labo-
ratories consistently reporting data over the entire
study period, MRSA percentages among S. aureus
BSI decreased from 30.2% in 2005 to 16.3% in 2018.
Concurrently, the total number of BSI caused by
S. aureus increased by 57%, MSSA BSI increased by
84% and MRSA BSI decreased by 31%. All these trends
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were statistically significant (p<o.001). Conclusions:
The results indicate an increasing health burden of
MSSA BSl in the EU/EEA despite a significant decrease
in the MRSA percentage. These findings highlight the
importance of monitoring antimicrobial resistance
trends by assessing not only resistance percentages
but also the incidence of infections. Further research
is needed on the factors associated with the observed
trends and on their attributable risk.

Introduction

Staphylococcus aureus bloodstream infection (BSI) has
high clinical relevance and is a major public health
challenge [1]. Meticillin-resistant S. aureus (MRSA)
complicates treatment of severe infections, causing
increased morbidity, mortality and additional costs,
and contributes to a large proportion of the antimicro-
bial resistance (AMR) burden in Europe [2,3].

During the past decade, the percentage of MRSA BSI
among all S. aureus BSI reported to the European
Antimicrobial Resistance  Surveillance  Network
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(EARS-Net) decreased in most European Union (EU) and
European Economic Area (EEA) countries [4]. However,
a recent European Centre for Disease Prevention and
Control (ECDC) study on the health burden of AMR in
Europe showed that the incidence of MRSA BSI had
increased between 2007 to 2015, while confirming that
the MRSA percentage had decreased significantly dur-
ing the same period [2].

Previous studies have suggested that MRSA causes
additional infections rather than replaces infections
caused by meticillin-susceptible S. aureus (MSSA) [5-7],
and that MRSA and MSSA trends can differ depending
on the site of infection and population characteristics
[8-11]. Nevertheless, these patterns are usually not
routinely analysed by international surveillance sys-
tems, including EARS-Net, which generally focus on
the percentage of S. aureus that are MRSA. It is, how-
ever, possible that changes in the incidence of MRSA
and of MSSA infections exist and go unnoticed when
only the MRSA percentage out of the total of S. aureus
infections is assessed [6].

To better understand the relationship between MRSA
BSI and MSSA BSI in the EU/EEA, we analysed the
trends in the numbers and proportions of MRSA and
MSSA BSI cases available from EARS-Net, by patient
characteristics and in the context of potential changes
in the frequency of using blood cultures for diagnostic
purposes, between 2005 and 2018.

Methods

Data source and inclusion criteria

The EARS-Net is a surveillance network that collects
routine clinical antimicrobial susceptibility testing
(AST) results and some patient data from EU and EEA
countries. The AST results are ascertained according to
agreed protocols [12,13], and the general quality and
comparability of the data are evaluated through an
annual external quality assessment exercise offered
to the participating laboratories [14]. The network has
been coordinated by ECDC since 2010.

Data on S. aureus BSI reported to EARSS/EARS-Net
for the period 2005 to 2018 were extracted from The
European Surveillance System (TESSy) database at
ECDC.

Resistance to meticillin in S. aureus isolates was deter-
mined by the reporting laboratories by phenotypic
susceptibility tests, molecular methods or the latex
agglutination test, as specified in the EARS-Net report-
ing protocol [12], and BSI episodes were classified as
either MRSA BSI or MSSA BSI. Data were de-duplicated
taking only the first S. aureus BSI per patient and year
into account.

Data were stratified by patient age group (<1 year,
1-24 years, 25-49 years, 50-64 years, 65-79 years
and = 80 years), sex (male or female) and hospital unit

(intensive care unit (ICU) or other inpatient hospital
unit). The stratum ICU included patients in adult ICU,
paediatric ICU and neonatal ICU. A separate analysis
was performed for outpatients, defined as patients not
admitted to a hospital at the time of sampling of blood
cultures.

We used two datasets for the analyses: dataset A
included all BSI reported during the study period,
while dataset B only included BSI from laboratories
that reported data consistently for all years during the
period 2005 to 2018. The purpose of dataset B was to
have a fixed cohort of laboratories for studying the
trends in the percentages of MRSA and the number of
MRSA and MSSA BSI. Surveillance data before 2005
were excluded because of low numbers of laboratories
and reported BSI.

For each country and year, a blood culture set rate,
defined as the number of blood culture sets per 1,000
days of hospitalisation, was extracted from TESSy. We
included these data in the analysis as blood culture
sampling practices may have changed during the study
period as a result of increased awareness of the health
impact of sepsis [15]. The blood culture set rate was
therefore considered as a potential confounder in the
evaluation of the BSI trends.

Analysis

Annual EU/EEA crude and population-weighted MRSA
percentages were calculated for both dataset A and B
in order to ascertain representativeness of dataset B.
The EU/EEA population-weighted mean MRSA percent-
age was determined using as weights the population
proportions of each country over the total population
of the included countries. Annual population data were
retrieved from the Eurostat online database [16].

For both datasets A and B, we calculated the ratio
between the numbers of MSSA BSI and MRSA BSI in
each year. Based on dataset B, we carried out further
analyses, stratified by age category, sex and hospital
unit and for outpatients, on the percentage of MRSA
BSI out of reported S. aureus BSI, the number of MRSA
and MSSA BSI and their annual variation using 2005
data as a baseline. For the stratified analyses, cases
with missing information for the strata of interest were
excluded.

Annual EU/EEA weighted means of blood culture set
rates were calculated for dataset B. The country pro-
portions of S. aureus BSI cases over the total cases of
dataset B were used as weights. For dealing with miss-
ing data, country rates from the previous or following
year were used, if available. When these were not avail-
able, the blood culture set rate was considered missing
and the concerned countries were not considered in the
calculation of the EU/EEA weighted mean. To check for
the impact of these exclusions, we conducted a sensi-
tivity analysis by selecting the countries for which the
rates were estimated for all the years. The effect of the
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annual blood culture set rate as a potential confounder
of the temporal trends of the number of S. aureus,
MSSA and MRSA BSI was analysed.

The statistical significance of MRSA percentage trends
over time was tested by a chi-squared test for a linear
trend. A Poisson regression model was used for test-
ing the statistical significance of trends of the numbers
of MRSA and MSSA BSI. A significance level of o.05
was considered in the study. Stata Statistical Software
(StataCorp. 2015. Stata Statistical Software: Release
14. College Station, TX: StataCorp LP) was used for the
analysis.

TABLE

Ethical statement
This study only included anonymised surveillance data;
therefore, ethical approval was not required.

Results

Between 2005 and 2018, a total of 573,951 S. aureus
BSI cases (96,918 MRSA and 477,033 MSSA) were
reported to EARS-Net from 1,295 laboratories in 30
countries (dataset A) (Supplementary Table S1). The
number of BSI cases reported per year increased
from 27,125 in 2005 to 72,085 in 2018 (Table). When
restricted to only laboratories that continuously
reported data during 2005 to 2018, 258,488 BSI cases
(41,033 MRSA and 217,415 MSSA) were reported from
285 laboratories in 25 countries (dataset B, with

Bloodstream infections caused by meticillin-resistant (n = 96,918) and meticillin-susceptible Staphylococcus aureus
(n = 477,033), number of reporting laboratories and countries, EU/EEA, 2005-2018

Countries Laboratories

Staphylococcus aureus BSI
MRSA

Population-
weighted %

Crude %

All laboratories (dataset A)

2005 29 664 27,125 6,615 24.4 28.6 20,510
2006 29 650 28,287 6,551 23.2 27.3 21,736
2007 29 643 30,027 6,605 22.0 23.6 23,422
2008 29 637 29,339 5,981 20.4 23.5 23,358
2009 28 643 30,729 5,969 19.4 23.5 24,760
2010 29 673 32,961 6,149 18.7 22.6 26,812
2011 30 685 35,712 5,863 16.4 21.8 29,849
2012 30 714 36,988 6,019 16.3 21.5 30,969
2013 30 725 40,968 6,673 16.3 20.5 34,295
2014 30 714 40,906 6,545 16.0 19.6 34,361
2015 30 738 45,509 7,313 16.1 19.0 38,196
2016 30 805 57,387 8,005 13.9 17.7 49,382
2017 30 853 65,928 8,500 12.9 16.8 57,428
2018 30 884 72,085 10,130 14.1 16.4 61,955
Laboratories that consistently reported data (dataset B)

2005 25 285 15,192 3,570 23.5 30.2 11,622
2006 25 285 15,954 3,617 22.7 28.8 12,337
2007 25 285 16,761 3,787 22.6 25.6 12,974
2008 25 285 16,307 3,253 19.9 24.1 13,054
2009 25 285 16,232 3,069 18.9 25.1 13,163
2010 25 285 15,987 2,868 17.9 23.0 13,119
2011 25 285 17,229 2,673 15.5 20.7 14,556
2012 25 285 17,622 2,740 15.5 22.8 14,882
2013 25 285 19,507 2,587 13.3 20.0 16,920
2014 25 285 18,833 2,573 13.7 20.3 16,260
2015 25 285 20,432 2,692 13.2 18.9 17,740
2016 25 285 21,711 2,547 11.7 17.6 19,164
2017 25 285 22,802 2,577 11.3 17.0 20,225
2018 25 285 23,879 2,480 10.4 16.3 21,399

BSI: bloodstream infections; EEA: European Economic Area; EU: European Union; MRSA: meticillin-resistant Staphylococcus aureus; MSSA:

meticillin-susceptible S. aureus.

Results from all laboratories, 30 EU/EEA countries (dataset A) and from laboratories in 25 EU/EEA countries, which consistently reported data

during the study period (dataset B).
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FIGURE 1

Bloodstream infections caused by meticillin-resistant and
meticillin-susceptible Staphylococcus aureus, EU/EEA,
2005-2018 (n = 258,448)
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BSI: bloodstream infections; EEA: European Economic Area; EU:
European Union; MRSA: meticillin-resistant Staphylococcus aureus;
MSSA: meticillin-susceptible S. aureus.

Results from 285 laboratories in 25 EU/EEA countries, which
consistently reported data during 2005 to 2018 (dataset B).

FIGURE 2

data from all countries that reported data to EARS-
Net except Croatia, Germany, Lithuania, Poland and
Slovakia) (Supplementary Tables S1 and S2). The num-
ber of S. aureus BSI cases increased from 15,192 in
2005 to 23,879 in 2018 (Table).

The weighted average rate of blood culture sets for
the countries included in dataset B increased notably
from 35.8 per 1,000 hospital patient days in 2005 to
81.7 in 2018 (Supplementary Table S3). The sensitivity
analysis conducted by selecting only the countries for
which the blood culture set rates were estimated for
all the years 2005 to 2018 (13/25 countries) showed
a temporal trend of blood culture set rates from 33.1
per 1,000 hospital patient days in 2005 to 71.8 in 2018,
comparable to that observed for the entire dataset B
(Supplementary Table S3).

Overall trends

Statistically significant decreasing trends in the MRSA
percentage were observed for both the crude and
the population-weighted EU/EEA means, and in both
dataset A and B (Table). The crude MRSA percentage
decreased significantly from 24.4% in 2005 to 14.1%
in 2018 (p<0.001) based on results of all laboratories

Bloodstream infections caused by meticillin-resistant Staphylococcus aureus and meticillin-susceptible S. aureus, by age

group, EU/EEA, 2005-2018 (n = 249,550)
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BSI: bloodstream infections; EEA: European Economic Area; EU: European Union; MRSA: meticillin-resistant Staphylococcus aureus; MSSA:

meticillin-susceptible S. aureus.

Results from 285 laboratories in 25 EU/EEA countries, that consistently reported data during 2005 to 2018 (dataset B).
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(dataset A) and from 23.5% in 2005 to 10.4% in 2018
(p<0.001) for consistently reporting laboratories (data-
set B). The EU/EEA population-weighted MRSA percent-
age significantly decreased from 28.6% in 2005 to
16.4% in 2018 (p<o0.001) for all laboratories (dataset
A) and from 30.2% in 2005 to 16.3% in 2018 (p<0.001)
based on consistently reporting laboratories (data-
set B). The MSSA-to-MRSA ratio increased from 3.1 to
6.1 for dataset A and from 3.3 to 8.6 for dataset B.

For dataset B, the total number of S. aureus BSI
increased by 57% from 2005 to 2018, with a signifi-
cant trend (p<o0.001). This general increase was the
result of an 84% increase in the number of MSSA BSI
cases and a 31% decrease in the number of MRSA BSI
cases (Table; Figure 1). Based on the Poisson model,
the mean annual crude changes in the number of cases
were +3.5% for S. aureus BSI, +4.8% for MSSA BSI and
—-3.3% MRSA BSI. After adjusting for the blood culture
set rate, these changes were +1.0%, +2.9% and -5.6%,
respectively. All these trends were statistically signifi-
cant (p<o.001).

FIGURE 3

Trends by patient characteristics

Trend analyses by patient characteristics were
restricted to dataset B in order to study a stable
cohort of laboratories and a defined population under
surveillance.

Between 2005 and 2018, the MRSA percentage
decreased significantly in all age groups (p=0.003 for
infants, age<1 year; p<o.001 for all other age groups)
(Figure 2). During the same period, the number of
MRSA BSI decreased significantly in all age groups
except for patients 8o years and older, while the num-
ber of MSSA increased significantly in all age groups
except for infants. Comparing 2005 with 2018, the
number of MRSA BSI in the six age groups (<1 year,
1-24 years, 25-49 years, 50—64 years, 65-79 years
and=80 years) decreased by 18%, 44%, 50%, 39%,
34% and 3%, respectively. Conversely, the number of
MSSA BSl increased by 9%, 26%, 38%, 64%, 109% and
164%, respectively.

The sex-specific MRSA percentages decreased from
22.1% in 2005 to 9.3% in 2018 in women, and from

Bloodstream infections caused by meticillin-resistant and meticillin-susceptible Staphylococcus aureus, by sex, EU/EEA,

2005-2018 (n = 251,068)
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BSI: bloodstream infections; EEA: European Economic Area; EU: European Union; MRSA: meticillin-resistant Staphylococcus aureus; MSSA:
meticillin-susceptible S. aureus.

Results from 285 laboratories in 25 EU/EEA countries, which consistently reported data during 2005 to 2018 (dataset B).
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23.4% in 2005 to 10.2% in 2018 in men (Figure 3).
During the same period, the number of MRSA BSI
decreased while the number of MSSA increased both in
women and in men; all trends were statistically signifi-
cant (p<o.001). Comparing 2005 with 2018, the number
of MRSA BSI decreased by 34% and 29% in women and
men, respectively. Conversely, the number of MSSA
BSI increased by 82% and 92% in women and men,
respectively.

The percentage of MRSA in ICU showed a linear
decrease (p<0.001) from 28.8% in 2005 to 12.3% in
2018 as the combined result of a decrease in the num-
ber of MRSA BSI (-55%) and an increase in the number
of MSSA BSI (+31%) (Figure 4). The percentage of MRSA
also decreased in BSI from other hospital units (from
21.8% in 2005 to 13.0% in 2018), but with a less pro-
nounced decrease in the number of MRSA BSI (-26%)
than for ICU and a similar increase in the number of
MSSA BSI (+39%). The trends in the number of MRSA
and MSSA BSI were statistically significant both in ICU
and in other hospital units (p<0.001).

FIGURE 4

When restricting data to outpatients (19,684 BSI),
we observed a significant linear decrease in the per-
centage of MRSA (from 18.5% in 2005 to 10.6% in
2018; p<0.001). There was a significant increase in
both the number of MSSA BSI (+199% from 2005 to
2018; p<¢0.001) and the number of MRSA BSI cases
(+57% from 2005 to 2018; p<o0.001) (Supplementary
Figure S1).

The missing data for the variables ‘hospital unit’, age
and sex were 25.9%, 3.4% and 2.9%, respectively
(Supplementary Table Sg). The BSI with missing infor-
mation on the hospital unit showed MRSA percent-
ages significantly lower than average, while those with
missing data for age or sex showed MRSA percentages
above average.

Discussion

Data from EARS-Net showed a statistically significant
increase in the number of S. aureus BSI in the EU/EEA
between 2005 and 2018. This trend is supported by

Bloodstream infections caused by meticillin-resistant and meticillin-susceptible Staphylococcus aureus, by type of hospital

unit, EU/EEA, 2005-2018 (n = 191,509)
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meticillin-susceptible S. aureus.

Results from 285 laboratories in 25 EU/EEA countries, which consistently reported data during 2005 to 2018 (dataset B).
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other published studies [17-20], which indicates that
the health burden of BSI caused by S. aureus is grow-
ing in Europe.

Our analysis showed that the increase in S. aureus
BSI was mainly the result of an increase in the number
of MSSA BSlI, while the number and the percentages
of MRSA BSI decreased overall for the EU/EEA during
the same period. As a result, the MSSA-to-MRSA ratio
increased both when considering all S. aureus BSI
reported to EARSS/EARS-Net during the study period
(dataset A) or when restricting the analysis to only
those laboratories which consistently reported data
during the same period (dataset B). These trends were
confirmed after adjusting for the increasing number of
blood culture sets sampled during the study period.

Our results support the presence of the so-called Boyce
effect, based on the assumption that MRSA and MSSA
do not compete for the same ecological niche and that
MRSA does not necessarily replace MSSA or vice versa
[5-7]. Such a phenomenon can lead to apparently para-
doxical trends characterised by a decrease in the per-
centage of MRSA and a general increase in the number
of S. aureus, mostly MSSA, infections.

The ratio between MRSA and MSSA varied depending
on patient characteristics. Stratification by age group
showed that in younger patients, the decrease in the
percentage of MRSA was smaller and mainly caused by
the decrease in the number of MRSA BSI. Conversely,
in the older age groups, the percentage of MRSA
showed more pronounced decreasing trends, derived
from the increase in the number of MSSA BSI. We also
noted decreasing trends in MRSA percentages associ-
ated with a decrease in MRSA BSI combined with an
increase in MSSA BSI when we stratified the analysis
by sex and by hospital unit; these effects were more
pronounced in BSIl in men and in ICU patients. In out-
patients on the other hand, the decrease in the per-
centage of MRSA was due to a larger increase in MSSA
compared with MRSA.

The reasons for the increasing number of MSSA BSI in
our data are likely to be multiple. An ageing population
may affect the temporal trend of S. aureus infections,
related to the increased risk of infection in the elderly
[17]. As a consequence, a larger number of BSI could be
expected, owing to the absolute growth of the elderly
population in the EU/EEA during the study period.
However, ageing cannot alone explain the observed
increase in the number of MSSA BSI since the percent-
age shift of the general population from under 65 to
over 65 years was estimated at only around 3% during
the period from 2005 to 2018 [16]. Another explanation
could be an increase in the use of blood culture sets
as a result of diagnostic stewardship efforts during our
study period, which may have improved the ascertain-
ment of BSI cases [15]. Still, the increase in the num-
ber of MSSA BSI was statistically significant even after
adjusting for the higher blood culture set rates. It is,
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however, possible that following a wider use of blood
culture sets, the proportion of MRSA BSI ascertained
by culture could have increased over time, leading to
an underestimation of the real reduction in MRSA BSI
during the study period.

Differences in MRSA and MSSA trends have been partly
explained elsewhere by differences in their respec-
tive characteristics and modes of transmission, with
MRSA being mainly a hospital pathogen showing lower
genotypic diversity than MSSA [21-23]. A successful
MSSA clone was described as having specific dynam-
ics of colonisation, persistence and transmission, thus
allowing its international spread although it is not mul-
tidrug-resistant [24]. Another noteworthy element is
the possible increasing role of MSSA as a healthcare-
associated pathogen, especially for community-onset
but healthcare-associated BSI acquired in places such
as wound care clinics, nursing homes and dialysis cen-
tres [22,25]. Information on whether a BSI was health-
care-associated is not available from EARS-Net, as it
performs laboratory-based surveillance that does not
collect clinical or epidemiological data on infection.
Finally, interventions based on screening and isolation
of positive patients have focused on MRSA, while to
control MSSA, it is necessary to act effectively on non-
specific measures such as hand hygiene [26].

Our study has several limitations. The ascertainment of
BSI cases depends on the propensity to perform blood
cultures [27]. Because of the response to empiric ther-
apy with first-line antimicrobials, MSSA BSI are less
likely to be ascertained when there is a low propensity
to perform blood cultures which are reserved for cases
such as treatment failure [6]. Therefore, an increasing
blood culture rate could lead to a more pronounced
increase in the ascertainment of BSI caused by MSSA
than those caused by MRSA [6,17,27]. The increasing
propensity to perform blood cultures in the period from
2005 to 2018, as observed in the EARS-Net dataset,
makes it more difficult to interpret trends. However,
given that the increase in the number of MSSA BSI
over time was confirmed even after adjusting for the
blood culture set rate, this confounding factor would
only partially explain the observed trend for MSSA BSI,
which we therefore considered real. This result is fur-
ther supported by the data from outpatients, a context
in which the implementation of stewardship activities
promoting sampling of blood cultures is less likely and
where the increase in MSSA BSI was greater than the
average increase for the whole study sample.

Another potential issue that could have affected the
results is the general tendency to centralise laborato-
ries in large units, leading to a possible increase over
time in the coverage of the laboratories considered
in dataset B. However, in such a situation we would
expect an increasing trend for both MRSA and MSSA
BSI, since the variation in the number of reported
MRSA and MSSA BSI should be proportional to the
catchment population. Therefore, based on our results,
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it is unlikely that the coverage of laboratories that con-
sistently reported data to EARS-Net increased substan-
tially during the study period.

Finally, this analysis was based on routine laboratory
data collected over a long time period. Records were
sometimes incomplete, reducing the number of BSI
that could be included in the analyses. For example,
the percentage of missing data for the variable ‘hospi-
tal unit’ was 26%. Results by hospital unit were more
representative of the countries with MRSA percentages
above the average, since these countries had fewer
missing data for the ‘hospital unit’ variable. The small
percentage (3%) of missing data for sex and age is not
likely to have biased our results.

Conclusions

MRSA represents a known and major public health
problem, and much attention has been given to the
surveillance and prevention of MRSA infections. In the
EU/EEA, the number of MRSA BSI has decreased sig-
nificantly overall, but was still increasing in several
EU/EEA countries during the period 2005 to 2018. The
decrease in the percentage of MRSA among S. aureus
BSI was mainly due to the increasing number of MSSA
BSl overall and in most of the 25 EU/EEA countries that
consistently reported data during the period 2005 to
2018. This increasing trend in the number of MSSA BSI
in the EU/EEA needs further attention since MSSA BSI
have high case fatality rates and there are still issues
regarding their optimal treatment The seemingly con-
flicting results highlight the need to improve surveil-
lance of AMR by combining data on AMR percentages
with data on the number and incidence of infections.
For EARS-Net, it would therefore be important to sup-
plement the routine outputs, that currently only pro-
vide AMR percentages, with additional information
on the number of infections caused by antimicrobial-
resistant and -susceptible pathogens and possibly
include an estimated incidence of infections. Further
studies at local, national or supranational level, based
on different data sources, are necessary to answer the
questions raised by our results, in particular to identify
all the factors associated with the described trends in
MSSA and MRSA BSI.

EARS-Net study group participants

Reinhild Strauss, Lucy Catteau, Yuliya Stoyanova Marteva-
Proevska, Silvija Soprek, Panagiota Maikanti-Charalampous,
Vladislav Jakubd, Andreas Petersen, Marina Ivanova, Laura
Lindholm, Sylvie Maugat, Ines Noll, Michalis Polemis, Zsolt
Végh, Karl Gastaf Kristinsson, Karen Burns, Monica Monaco,
leva Rutkovska, Jolanta Miciuleviciené, Monique Perrin,
Elizabeth A. Scicluna, Sjoukje H. S. Woudt, Frode Width
Gran, Waleria Hryniewicz, Manuela Cani¢a, Gabriel Adrian
Popescu, Milan Niks, Helena Ribi¢, Maria Belén Aracil Garcia,
Barbro Mdkitalo, Russell Hope

Acknowledgments

The authors acknowledge the work performed by the staff
of the participating clinical microbiology laboratories and
of the national healthcare services that provided data to
EARS-Net.

Conflict of interest

None declared.

Authors’ contributions

Conceptualisation of the study: CG. Design of the study:
CG, LDH. Acquisition and analysis of the data: all authors.
Interpretation of results of the study: CG, LDH, HB, TE, CGG,
OEH, V], GK, DLFW, JM, SM, GSS, MS, ATA, DZ, HZ, DLM.
National interpretations were provided by the EARS-Net par-
ticipants group. Writing of the first draft: CG, LDH. All au-
thors critically reviewed and edited the final manuscript.

References

1. European Centre for Disease Prevention and Control
(ECDCQ). Surveillance of antimicrobial resistance in
Europe 2018. Stockholm: ECDC; 2019. Available from:
https://www.ecdc.europa.eu/en/publications-data/
surveillance-antimicrobial-resistance-europe-2018

2. Cassini A, Hogberg LD, Plachouras D, Quattrocchi A, Hoxha
A, Simonsen GS, et al. Attributable deaths and disability-
adjusted life-years caused by infections with antibiotic-
resistant bacteria in the EU and the European Economic
Area in 2015: a population-level modelling analysis. Lancet
Infect Dis. 2019;19(1):56-66. https://doi.org/10.1016/S1473-
3099(18)30605-4 PMID: 30409683

3. Cecchini M, Slawomirski L, Langer J. Antimicrobial resistance
in G7 countries and beyond: economic issues, policies and
options for action. Paris: Organisation for Economic Co-
operation and Development; 2015. Available from: https://
www.oecd.org/els/health-systems/Antimicrobial-Resistance-
in-G7-Countries-and-Beyond.pdf

4. European Centre for Disease Prevention and Control (ECDC).
Surveillance atlas of infectious diseases. Stockholm; ECDC.
[Accessed: 27 Apr 2020]. Available from: https://atlas.ecdc.
europa.eu/public/index.aspx

5. Boyce JM, White RL, Spruill EY. Impact of methicillin-resistant
Staphylococcus aureus on the incidence of nosocomial
staphylococcal infections. ) Infect Dis. 1983;148(4):763.
https://doi.org/10.1093/infdis/148.4.763 PMID: 6631065

6. Mostofsky E, Lipsitch M, Regev-Yochay G. Is methicillin-
resistant Staphylococcus aureus replacing methicillin-
susceptible S. aureus? ) Antimicrob Chemother.
2011;66(10):2199-214. https://doi.org/10.1093/jac/dkr278
PMID: 21737459

7. de Kraker ME, Jarlier V, Monen JC, Heuer OE, van de Sande N,
Grundmann H. The changing epidemiology of bacteraemias
in Europe: trends from the European Antimicrobial Resistance
Surveillance System. Clin Microbiol Infect. 2013;19(9):860-8.
https://doi.org/10.1111/1469-0691.12028 PMID: 23039210

8. Jarlier V, Trystram D, Brun-Buisson C, Fournier S, Carbonne A,
Marty L, et al. Curbing methicillin-resistant Staphylococcus
aureus in 38 French hospitals through a 15-year institutional
control program. Arch Intern Med. 2010;170(6):552-9. https://
doi.org/10.1001/archinternmed.2010.32 PMID: 20308642

9. Klein EY, Mojica N, Jiang W, Cosgrove SE, Septimus E, Morgan
DJ, et al. Trends in methicillin-resistant staphylococcus aureus
hospitalizations in the United States, 2010-2014. Clin Infect
Dis. 2017;65(11):1921-3. https://doi.org/10.1093/cid/cix640
PMID: 29020322

10. Kourtis AP, Hatfield K, Baggs J, Mu Y, See |, Epson E, et al.
Vital signs: epidemiology and recent trends in methicillin-
resistant and in methicillin-susceptible Staphylococcus aureus
bloodstream infections - United States. MMWR Morb Mortal
Wkly Rep. 2019;68(9):214-9. https://doi.org/10.15585/mmwr.
mmé68o9e1 PMID: 30845118

11. Newitt S, Myles PR, Birkin JA, Maskell V, Slack RC, Nguyen-
Van-Tam JS, et al. Impact of infection control interventions on
rates of Staphylococcus aureus bacteraemia in National Health
Service acute hospitals, East Midlands, UK, using interrupted

www.eurosurveillance.org

__. Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2021.26.46.2002094&domain=pdf&date_stamp=2021-11-18

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25,

26.

27.

time-series analysis. ) Hosp Infect. 2015;90(1):28-37. https://
doi.org/10.1016/j.jhin.2014.12.016 PMID: 25659447

European Centre for Disease Prevention and Control (ECDC).
TESSy — The European Surveillance System — Antimicrobial
resistance (AMR) reporting protocol 2019 — European
Antimicrobial Resistance Surveillance Network (EARS-Net)
surveillance data for 2018. Stockholm: ECDC; 2019.

European Committee on Antimicrobial Susceptibility Testing
(EUCAST). EUCAST guidelines for detection of resistance
mechanisms and specific resistances of clinical and/or
epidemiological importance — Version 2.0. Vdxjo, EUCAST;
2017. Available from: http:// www.eucast.org/fileadmin/src/
media/PDFs/EUCAST_files/Resistance_mechanisms/EUCAST_
detection_of_resistance_mechanisms_170711.pdf

European Centre for Disease Prevention and Control (ECDC).
External quality assessment (EQA) of performance of
laboratories participating in the European Antimicrobial
Resistance Surveillance Network (EARS-Net), 2018. Stockholm:
ECDC; 2019. Available from: https://www.ecdc.europa.eu/en/
publications-data/external-quality-assessment-laboratory-
performance-european-antimicrobial-o

Rhee C, Klompas M. Sepsis trends: increasing incidence and
decreasing mortality, or changing denominator? ) Thorac
Dis. 2020;12(S1) Suppl 1;S89-100. https://doi.org/10.21037/
jtd.2019.12.51 PMID: 32148931

European Commission. Eurostat. Database: Population and
demography. Brussels: Eurostat. [Accessed: 27 Apr 2020].
Available from: https://ec.europa.eu/eurostat/web/population-
demography/demography-population-stock-balance/

database

Thorlacius-Ussing L, Sandholdt H, Larsen AR, Petersen

A, Benfield T. Age-dependent increase in incidence of
Staphylococcus aureus bacteremia, Denmark, 2008-2015.
Emerg Infect Dis. 2019;25(5). https://doi.org/10.3201/
eid2505.181733 PMID: 31002300

Asgeirsson H, Gudlaugsson O, Kristinsson KG, Heiddal S,
Kristjansson M. Staphylococcus aureus bacteraemia in Iceland,
1995-2008: changing incidence and mortality. Clin Microbiol
Infect. 2011;17(4):513-8. https://doi.org/10.1111/j.1469-
0691.2010.03265.x PMID: 20491831

Asgeirsson H, Thalme A, Weiland O. Staphylococcus aureus
bacteraemia and endocarditis - epidemiology and outcome: a
review. Infect Dis (Lond). 2018;50(3):175-92. https://doi.org/10
.1080/23744235.2017.1392039 PMID: 29105519

Jokinen E, Laine J, Huttunen R, Lyytikdinen O, Vuento R,
Vuopio J, et al. Trends in incidence and resistance patterns

of Staphylococcus aureus bacteremia. Infect Dis (Lond).
2018;50(1):52-8. https://doi.org/10.1080/23744235.2017.1405
276 PMID: 29161942

Grundmann H, Schouls LM, Aanensen DM, Pluister GN, Tami A,
Chlebowicz M, et al. The dynamic changes of dominant clones
of Staphylococcus aureus causing bloodstream infections

in the European region: results of a second structured

survey. Euro Surveill. 2014;19(49):20987. https://doi.
0rg/10.2807/1560-7917.E52014.19.49.20987 PMID: 25523972

Koeck M, Como-Sabetti K, Boxrud D, Dobbins G, Glennen A,
Anacker M, et al. Burdens of invasive methicillin-susceptible
and methicillin-resistant Staphylococcus aureus disease,
Minnesota, USA. Emerg Infect Dis. 2019;25(1):171-4. https://
doi.org/10.3201/eid2501.181146 PMID: 30561319

Turner NA, Sharma-Kuinkel BK, Maskarinec SA, Eichenberger
EM, Shah PP, Carugati M, et al. Methicillin-resistant
Staphylococcus aureus: an overview of basic and clinical
research. Nat Rev Microbiol. 2019;17(4):203-18. https://doi.
0rg/10.1038/541579-018-0147-4 PMID: 30737488

Uhlemann AC, McAdam PR, Sullivan SB, Knox JR, Khiabanian
H, Rabadan R, et al. Evolutionary dynamics of pandemic
methicillin-sensitive Staphylococcus aureus ST398 and its
international spread via routes of human migration. MBio.
2017;8(1):€01375-16. https://doi.org/10.1128/mBi0.01375-16
PMID: 28096484

David MZ, Boyle-Vavra S, Zychowski DL, Daum RS. Methicillin-
susceptible Staphylococcus aureus as a predominantly
healthcare-associated pathogen: a possible reversal of roles?
PLoS One. 2011;6(4):€18217. https://doi.org/10.1371/journal.
pone.oo18217 PMID: 21533238

Kavanagh KT. Control of MSSA and MRSA in the United States:
protocols, policies, risk adjustment and excuses. Antimicrob
Resist Infect Control. 2019;8(1):103. https://doi.org/10.1186/
$13756-019-0550-2 PMID: 31244994

Laupland KB. Are we missing the Staphylococcus aureus
bacteraemia forest for the MRSA trees? Infect Dis (Lond).
2018;50(1):59-61. https://doi.org/10.1080/23744235.2017.140
5277 PMID: 29161941

www.eurosurveillance.org

License, supplementary material and copyright

This is an open-access article distributed under the terms of
the Creative Commons Attribution (CC BY 4.0) Licence. You
may share and adapt the material, but must give appropriate
credit to the source, provide a link to the licence and indicate
if changes were made.

Any supplementary material referenced in the article can be
found in the online version.

This article is copyright of the authors or their affiliated in-
stitutions, 2021.

9

M) Check for updates


https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2021.26.46.2002094&domain=pdf&date_stamp=2021-11-18

