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Abstract

Background

We investigated trends in BSIs caused by five major bacterial pathogens, S. 

aureus, E. coli, S. pneumoniae, E. faecalis and E. faecium, and determined how 

expanding antimicrobial resistance influenced the total burden of BSIs in 

Europe.

Methods

Frequency of BSIs per species, antimicrobial susceptibility and denominator 

data were extracted from the EARSS for laboratories which reported data 

for all years between 2002 and 2008. Trend analyses were performed using 

GLMs. Robustness of results was assessed by iterative analysis for different 

geographic regions.

Results

From 2002 to 2008, the overall number of BSIs increased annually by 6.4% 

(CI
95

, 6.2-6.5%), from 46,095 to 67,876. The frequency of S. aureus and 

S. pneumoniae BSIs increased moderately, while E. coli and enterococci 

showed a more pronounced increase. BSIs caused by MRSA increased until 

2005 (7.6% per year; CI
95

, 6.1-9.1%), and then decreased (-4.8% per year; CI
95

,-

6.1 - -3.5%), while the number attributable to MSSA increased continuously 

(3.4% per year; CI
95

, 3.0-3.7). Increasing rates of E. coli BSIs were mainly due 

to third-generation-cephalosporin-resistant phenotypes (29.9% per year; 

CI
95

, 28.2-31.5%).

Conclusions

The burden of BSIs has been increasing for all species under surveillance 

by the EARSS. These trends were mainly driven by resistant strains. Since 

trends among resistant and susceptible clones were clearly dissociated, it 

appears that infections with resistant clones add to, rather than replace, 

susceptible bacteria. As a consequence, expansion of antibiotic resistance 

creates additional strain on healthcare systems.
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Introduction

Recent estimates suggest that, more than 23,000 people died of S. aureus and E. 

coli BSIs in Europe in 2007 alone.1 At the same time, an increase in the number 

of BSIs has been noticed over the past eight to twenty years.2-4 However, most 

observations focused on S. aureus, at national level. It remains, thus, unclear 

whether these trends can be generalized for other bacterial pathogens and across 

Europe as a whole. It is also unknown what, if confirmed, governs this trend; i) 

pathogen-specific alterations in transmissibility, virulence or resistance, ii) new 

ecological opportunities, or iii) a combination of both. Or are we merely seeing 

some random fluctuation of secular trends?

 One of the possible, adaptive responses of bacteria under antibiotic selection 

includes emergence of antimicrobial resistance. A number of observational studies 

have suggested that resistant strains cause additional infections rather than 

replacing those caused by susceptible bacteria.5-8 This hypothesis, first put forward 

by Boyce et al.9 was based on data for S. aureus from single centres or countries.

The EARSS, renamed EARS-Net in 2010, maintains the largest database of 

routinely collected antimicrobial susceptibility data for blood stream infections 

worldwide.10 Since its launch in 1999, the initiative grew in scope and size and 

collected antimicrobial susceptibility data of seven major pathogens causing 

more than 900,000 BSIs, which were reported by more than 900 laboratories from 

33 countries in Europe.11 The consistent data collection, uniform guidelines and 

the availability of denominator data allow for the analysis of the changing eco-

epidemiology of BSIs, for different species as well as different species-specific 

resistance traits. On the basis of data reported to the EARSS between 2002 and 

2008, we here describe the temporal dynamics of five major pathogens causing 

BSIs, S. aureus, E. coli, S. pneumoniae, E. faecalis and E. faecium and explore how 

antimicrobial resistance impinges on the total burden of BSIs in Europe.

Material and methods

Data consisted of routine antimicrobial susceptibility testing results reported 

to the EARSS for primary isolates of five bacterial species causing blood stream 

infections: S. aureus, S. pneumoniae (since 1999), E. coli, E. faecalis and E. faecium 

(since 2001). Data for the first year of reporting were excluded in order to correct 

for potential inconsistencies introduced at the start of national surveillance 
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initiatives. Data collected after the transfer of the network to the ECDC in 2009 

were excluded to rule out possible artificial trends due to changes in hospital and 

laboratory coding. Analyses are thus based on data reported to the EARSS between 

2002 and 2008. Antimicrobial susceptibility testing results were ascertained 

according to agreed protocols 12 and the general quality and comparability of 

these data was evaluated by annual external quality assessment exercises.11 For 

detailed trend analyses, reports for S. aureus and E. coli BSIs were stratified by 

presence of susceptibility to the following antibiotics: S. aureus, methicillin; E. 

coli, aminopenicillins (J01CA: ampicillin or amoxicillin; AMIPN), aminoglycosides 

(J01GB: gentamicin, tobramycin or amikacin; AMINO), fluoroquinolones (J01MA: 

ciprofloxacin, ofloxacin or levofloxacin; FQ) and third-generation cephalosporins 

(J01DD: ceftriaxone, ceftazidime or cefotaxime; G3C). Class resistance was defined 

as resistance to at least one antimicrobial compound within each ATC category. 

Information concerning denominator data was available for five years (2002, 2004, 

2006, 2007 and 2008).

Selected datasets

For trend analyses, we included data from laboratories which consistently reported 

antimicrobial susceptibility testing results between 2002 and 2008 (Subset 

A). Incidence density of BSIs was calculated for laboratories that reported both 

antimicrobial susceptibility testing results and denominator data between 2002 

and 2008 (Subset AD). For a complete picture of recent resistance proportions for 

all countries participating in the EARSS in 2008, all data reported for that year were 

included (Subset 2008A), whereby incidence densities were based on laboratories 

that reported both antimicrobial susceptibility testing results and denominator 

data (Subset 2008AD).(Table 1)

Statistical analysis

The average annual increase in BSIs was calculated by a GLM with Poisson 

distribution and loglink function with year as independent variable. Species-

specific trends were compared to the overall trend by including the overall number 

of bloodstream isolates as a baseline (offset). Trends in resistance phenotypes were 

modelled by including each phenotype as dependent variable in a separate GLM. 

The validity of trend estimates was tested in two ways. First, the effect of secular 

changes in hospital activity was excluded. This takes into account changes in 

average length of stay and patient throughput and was assessed by analyzing 

trends in incidence densities using Subset AD. Second, the possible regional 
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heterogeneity was excluded by separate trend analysis for four different regions 

in Europe using Subset A. 

Table 1. Countries and number of laboratories that consistently reported S. aureus, E. coli, S. 
pneumoniae, E. faecium or E. faecalis BSIs (numbers reported) to the EARSS database between 
2002 and 2008 or for 2008. Numbers are displayed separately for the subset of laboratories that 
also provided denominator information.

Country Subset A Subset AD Subset 2008A Subset 2008AD

2002-08 2002-08 +

denominator 

information

2008 2008 + 

denominator 

information
Austria 10 (12,910) - 38 (6,110) 37 (5,822)

Belgium 81 (28,204) - 103 (4,219) 26 (1,219)

Bosnia and Herzegovina - - 3 (140) -

Bulgaria 13 (2,021) 10 (1,642) 23 (406) 20 (381)

Croatia 13 (8,652) 11 (7,829) 19 (1,721) 18 (1,711)

Cyprus - - 5 (309) 5 (309)

Czech Republic 41 (29,967) 41 (28,464) 47 (5,579) 47 (5,479)

Denmark 5 (15,449) - 15 (6,517) -

Estonia 8 (2,794) 6 (1,769) 11 (603) 11 (598)

Finland 12 (20,647) - 15 (4,056) 4 (595)

France 19 (34,024) 11 (23,270) 158 (14,485) 153 (13,956)

Germany 4 (4,118) - 14 (3,354) -

Greece 28 (13,787) - 46 (3,322) -

Hungary 19 (11,476) - 26 (2,832) 16 (1,728)

Iceland 2 (1,732) 2 (1,647) 2 (249) 2 (220)

Ireland 21 (21,409) - 41 (4,243) 33 (4,092)

Israel 5 (12,867) 4 (8,607) 5 (1,641) 3 (1,118)

Italy 26 (16,355) - 32 (2,687) 18 (1,694)

Latvia - - 12 (322) 12 (322)

Lithuania - - 13 (696) 12 (652)

Luxembourg 4 (2,198) - 6 (537) 4 (307)

Malta 1 (1,734) 1 (1,637) 1 (285) 1 (285)

Netherlands 8 (13,430) - 18 (4,701) 4 (664)

Norway 11 (18,803) - 13 (3,612) 8 (2,427)

Poland 13 (1,455) - 39 (293) -

Portugal 15 (14,874) 12 (13,398) 22 (4,029) 20 (3,861)

Romania 3 (491) - 6 (125) -

Slovenia 10 (8,907) 10 (8,727) 10 (1,697) 10 (1,667)

Spain 25 (30,482) 9 (11,408) 32 (6,827) 26 (5,459)

Sweden 21 (51,312) 19 (41,535) 21 (8,713) 21 (7,887)

Switzerland - - 22 (4,856) -

Turkey - - 16 (3,566) 16 (3,566)

United Kingdom 20 (30,235) - 55 (7,294) 21 (927)

Total 438 (410,333) 136 (149,933) 889 (110,026) 548 (66,946)
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The number of patient-days was approximated by multiplying the number of 

reported beds per hospital with 365.25 days assuming an 80% bed occupancy 

(mean European bed occupancy).11 For years without denominator information 

(2003, 2005) patient-days were imputed by taking the average of the number of 

patient-days calculated for the year before and after the missing year. Patient-days 

were included as baseline (offset) in the GLMs.

Analyses were repeated for four different regions, whereby country allocation was 

informed by resistance levels for MRSA and G3CREC as well as geography. Region 

I (low resistance, North) included Denmark, Finland, Iceland, the Netherlands, 

Norway, Sweden; Region II (intermediate resistance, West) included Austria, 

Belgium, France, Germany, Ireland, Luxemburg and United Kingdom); Region 

III (intermediate resistance MRSA, high resistance for G3CREC, East) included 

Bulgaria, Croatia, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, 

Romania, Slovenia; Region IV (high resistance, South) included Cyprus, Greece, 

Israel, Italy, Malta, Portugal, Spain, Turkey.

Data were analyzed using SAS 9.2. For all estimates CI
95

 were reported.

Results

Changes in the frequency of bloodstream infections between 2002 

and 2008

The total number of reported episodes of BSI for all five pathogens increased 

by 47% from 46,095 to 67,876 between 2002 and 2008 (Subset A, Table 1). This 

corresponds to an annual increase of 6.4% (CI
95

, 6.2-6.5%). Although consistent for 

all five pathogens, the fastest increase was observed for E. faecium (1,118 in 2002 

to 3,128 in 2008; annual rate 19.3%; CI
95

, 18.3-20.3%) and the largest increase was 

observed for E. coli (20,151 in 2002 to 32,194 in 2008; annual rate 8.1%; CI
95

, 7.8-

8.3%). (Figure 1, Table 2)

Analyses of incidence densities (Subset AD, Table 1) confirmed that these upward 

trends were real and not contingent on increasing hospital activity across Europe. 

(Supporting information, Table S1)
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Year 
E. coli S. aureus S. pneumoniae E. faecalis E. faecium 

Pathogen 2002 2003 2004 2005 2006 2007 2008

E. coli 20,151 22,620 24,371 27,328 29,543 30,931 32,194

S. aureus 15,422 17,325 17,550 18,003 18,210 18,665 18,894

S. pneumoniae 5,725 6,674 6,721 7,458 7,051 7,421 7,555

E. faecalis 3,679 4,309 4,625 5,201 5,837 6,012 6,105

E. faecium 1,118 1,374 1,563 2,091 2,541 2,938 3,128

Figure 1. Trends in the total number of S. aureus, E. coli, S. pneumoniae, E. faecium and E. faecalis 
BSIs reported to the EARSS between 2002 and 2008.

Table 2. Average annual change in the frequency of S. aureus, E. coli, S. pneumoniae, E. faecium 
and E. faecalis BSIs reported to the EARSS between 2002 and 2008, expressed as absolute change 
and relative change above or below the average for all species combined.

 Species Change per year in % 
(CI

95
)

p-value Relative change per 
year in % (CI

95
)

p-value

E. coli 8.1 (7.8-8.3) <0.01 1.7 (1.4-1.9) <0.01

S. aureus 2.8 (2.5-3.1) <0.01 -3.4 (-3.7- -3.1) <0.01

S. pneumoniae 3.8 (3.4-4.3) <0.01 -2.4 (-2.9- -2.0) <0.01

E. faecalis 8.7 (8.2-9.3) <0.01 2.3 (1.7-2.8) <0.01

E. faecium 19.3 (18.3-20.3) <0.01 12.4 (11.5-13.4) <0.01

All species combined 6.4 (6.2-6.5) <0.01 -

For S. aureus, methicillin susceptibility results were available for all reports included 

in Subset A (N=124,069). The frequency of MRSA increased, from 3,297/15,422 

(21% of total S. aureus reports) in 2002 to 4,230/18,003 (23%) in 2005. Then the 

trend reversed and frequencies decreased to 3,628/18,894 (19%) in 2008. Between 

2002 and 2005 the annual increase was 7.6% (CI
95

, 6.1-9.1%), followed by an 

average annual decrease of -4.8% (CI
95

, -6.1- -3.5%). Independent of the biphasic 

behaviour of MRSA, reported BSIs caused by methicillin-susceptible S. aureus 
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(MSSA) consistently increased from 12,125 to 15,266 (period 1: 4.0%; CI
95

, 3.2-4.8%; 

period 2: 3.6%; CI
95

, 2.8-4.3%; Wald test for differences in trends: p=0.27).

For E. coli, susceptibility results for AMIPN, FLUO, AMINO and G3C were available 

for 156,751 of the 187,138 (84%) reports included in Subset A. The increase among 

E. coli isolates was consistent for all resistance phenotypes as well as for isolates 

reported to be susceptible (Figure 2). However, the number of BSIs caused by 

G3CREC showed the sharpest increase, with an average annual increase of 29.9% 

(CI
95

, 28.2-31.5%)(Figure 3). Among these isolates were also the highest number 

with combined resistance; 76% were reported to be resistant to FLUO, 48% to 

AMINO, and 42% to all four classes combined (Table 3). The number of BSIs caused 

by each of the resistant phenotypes expanded significantly faster than infections 

caused by isolates reported to be susceptible, leading to a decrease in the 

proportion of reports with susceptible isolates; from 8,068/15,952 (51%) in 2002 

to 12,092/27,214 (42%) in 2008. (Figure 3)
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Year 

Susceptible Amipn_R FQ_R Amipn_R+FQ_R Amipn_R+G3C_R Completely resistant 

Resistance pattern AMINO resistance (%)

Susceptible to all three antibiotic classes 0.5

Resistant to:

AMIPN 3.1

FQ 8.4

AMIPN + FQ 26.8

AMIPN +G3C 22.8

All three antibiotic classes 55.6

Figure 2. Total number of E. coli BSIs with different resistance phenotypes reported to the EARSS 
between 2002 and 2008. R, resistance. For clarity reasons, combined resistance proportions for 
aminoglycosides were exclusively displayed in a table.
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Table 3. Percent of combined resistance for E. coli BSIs (N= 156,751) reported to the EARSS 
between 2002 and 2008. Resistance proportions (%) to one class of antibiotics was calculated 
in the absence (S) and presence (R) of resistance to each of the other classes: AMIPN, FQ, AMINO 
and G3C.

 AMIPN FQ AMINO G3C

Susceptible 34 2 0.2 0

AMIPN       S  4 0.9 0

  R  29 12 9

FQ               S 43  2 1

  R 88  30 20

AMINO       S 47 12  2

  R 94 76  32

G3C             S 48 14 5  

  R 100 76 48  

Overall 50 16 7 4

In 2008, 110,026 bloodstream isolates were reported (Subset 2008A), while 

incidence densities could be based on reports for 66,946 BSIs (Subset2008AD)

(Table 1). E. coli was the most frequently reported cause of BSIs among bacteria 

included in this analysis (51,633; 0.29/1,000 patient-days; 47%), followed by S. 

aureus (31,956; 0.19/1,000 patient-days; 29%), S. pneumoniae (11,650; 0.05/1,000 

patient-days; 11%), E. faecalis (9,628; 0.06/1,000 patient-days; 9%) and E. faecium 

(5,159; 0.03/1,000 patient-days; 5%). The most frequent resistance phenotypes, 

among all evaluated pathogen-compound combinations, were FLUO-resistance 

in E. coli isolates (N=10,174; 0.08/1,000 patient-days), followed by methicillin-

resistance among S. aureus BSIs (N=6,654; 0.05/1,000 patient-days) and G3C-

resistance in E. coli isolates (N=3,447; 0.03/1,000 patient-days).

Region-specific changes in the frequency of bloodstream infections 

between 2002 and 2008

In all four European regions, the reports of E. coli, S. pneumoniae, E. faecalis and E. 

faecium BSIs increased between 2002 and 2008 (Subset A). BSIs caused by S. aureus 

in Region II (West) remained relatively stable (Supporting information, Table S2), 

which was due to the decrease in MRSA BSIs in this region between 2005 and 

2008. This region-specific trend was mainly responsible for the overall decrease 

of MRSA reports. In Region III (East), the number of MRSA BSIs increased over the 

same time period. Irrespective of MRSA trends, all regions reported rising levels of 

MSSA.(Supporting information, Table S3) The rapid expansion of G3CREC BSIs was 

observed in all regions as well, although the rise was less pronounced for countries 
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in region IV (South).(Supporting information, Table S4)

The distribution of pathogens for 2008 was similar for all regions, with E. coli being 

the most prevalent bacterium among the fi ve included pathogens (Supporting 

information, Table S5) and FLUO resistant E. coli (range 0.04-0.15/1,000 patient-

days) being the most common identifi ed resistance phenotype.(Supporting 

information, Table S6)
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Year 

Susceptible G3CR FQR aminoR amipnR 

Resistance pattern Number Change per year
in % (CI

95
)

2002 2008

Susceptible 8,068 12,092 6.2 (5.8-6.6)

G3C resistance 321 1,785 29.9 (28.2-31.5)

FQ resistance 1,796 5,613 19.3 (18.6-20.1)

AMINO resistance 823 2,138 17.2 (16.0-18.4)

AMIPN resistance 7,613 14,400 11.1 (10.7-11.5)

Total isolates tested 15,952 27,214 8.8 (8.6-9.1)

Figure 3. Relative increase in the number of E. coli BSIs with diff erent resistance phenotypes 
(index year=2002) reported to the EARSS between 2002 and 2008. Only laboratories that 
consistently reported for all years were included. Symbols indicate ascertained values and lines 
are based on GLMs with Poisson distribution. Numbers and the average annual increase per 
phenotype are displayed in the table.
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Discussion

Data regarding the dynamics of invasive infections are crucial to inform the 

public health debate about prioritization in healthcare. We demonstrated that 

the frequencies of BSIs caused by five major bacterial species, S. aureus, E. coli, S. 

pneumoniae, E. faecium and E. faecalis have markedly increased in 27 European 

countries participating in the EARSS between 2002 and 2008; within these seven 

years, absolute numbers increased by 47%; an annual average of 6.4%. Notably, E. 

coli (20,151 in 2002 to 32,194 in 2008, 8.7% per year) and E. faecium BSIs (1,118 in 

2002 to 3,128 in 2008, 19.3% per year) showed the most significant increase. For E. 

coli this trend was mainly due to a rise in antibiotic-resistant strains, often featuring 

multi-drug resistance. For E. faecium the frequency of multi-resistant isolates also 

increased. Low numbers, however, precluded statistical confirmation of this trend 

(data not shown). S. aureus BSIs increased at more moderate rates (2.8% per year). 

This could be attributed to a decline in MRSA after 2005, while MSSA BSIs showed 

a monotonous upward trend.

The strength of the present study lies in its inclusiveness and representativeness. 

The analyses incorporated data about five major pathogens from more than 

1,000 hospitals serving a large geographic area, and comprising seven years of 

continuous reporting. A limitation of the present study is lack of consistent data 

about blood culture frequency at laboratory level. Rising investigation density 

could artificially increase case ascertainment. Denominator data from the EARSS, 

however, indicate that the overall number of blood culture sets per 1,000 patient-

days did not markedly change over the years included in these analyses.11,13 

Increasing hospital activity, could also explain the rising number of BSIs. Therefore, 

trend analyses were repeated with incidence densities of BSIs in the subset of 

laboratories providing denominator data. This takes into account changes in 

the number of admissions as well as changes in length of stay. These analyses 

confirmed that the upward trends were real. Internal validity of the European 

trends was demonstrated as well, since the number of BSIs increased in all four 

different geographical regions. 

Several studies describing trends of BSI rates have been published. A report from 

England, Wales and Northern Ireland3, and two single centre studies from Spain14 

and Israel15 saw the same secular increase in BSIs. In all countries this observation 

could be mainly attributed to a rising number of infections with gram-negative 

isolates.3,14-15 

So, if the number of BSIs is truly rising, what is the cause? Hospitals are facing a 



122

relative increase of elderly patients.2,5,14-16 At the same time, there is a growing 

proportion of patients who receive complex medical care and subsequent more 

invasive devices.14,17 These developments may have increased the ecological 

opportunities for opportunistic bacteria to cause invasive infections14,18, and 

could account for the overall increase of BSIs.  In addition, emergence and global 

expansion of highly successful, resistant clones, such as E. faecium CC17 and E. coli 

ST131, could be associated with higher prevalence of infections caused by resistant 

strains.19-21 For S. aureus, major pandemic MRSA clones are found as well. However, 

the spread of MRSA is oligo-clonal with different regions affected by genetically 

unrelated lineages of potentially different fitness.22,23 This could explain why 

western countries reported decreasing trends, while eastern European countries 

still faced an increasing prevalence of MRSA. At the same time, these trends may 

have also been reversed by the successful implementation of extensive infection 

control programs, like those specifically aimed at reducing the incidence of MRSA 

in the UK24 and France25. 

It thus seems that trends are increasing most rapidly for species with globally 

spreading, successful, resistant clones. At the same time, invasive infections 

caused by susceptible bacteria also show a monotonous increase albeit at a lower 

rate. This suggests that emergence of antimicrobial resistance does not replace 

infections caused by susceptible strains, but rather causes additional cases of BSIs.9

In conclusion, this study confirmed that the burden of BSIs is increasing in European 

hospitals. This increase is ubiquitous, it can be found for gram-negative as well 

as for gram-positive pathogens. The main driving force behind the observed 

rise seems to be expansion of successful antimicrobial resistant clones and an 

increasingly vulnerable hospital population. Notably, expansion of antimicrobial 

resistance seems to create an additional strain on healthcare systems by further 

increasing the burden of disease caused by BSIs in Europe. 
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Supporting information

Table S1. Average annual change in the incidence density of S. aureus, E. coli, S. pneumoniae, E. 
faecium or E. faecalis BSIs reported to the EARSS between 2002 and 2008.

 Species Change per year in % (CI
95

) p-value

E. coli 7.8 (7.4-8.2) <0.01

S. aureus 5.2 (4.7-5.7) <0.01

S. pneumoniae 5.9 (5.0-6.8) <0.01

E. faecalis 7.5 (6.6-8.3) <0.01

E. faecium 15.9 (14.3-17.6) <0.01

All species combined 7.1 (6.8-7.3) <0.01

Table S2. Average annual change in the number of S. aureus, E. coli, S. pneumoniae, E. faecium and 
E. faecalis BSIs reported to the EARSS between 2002 and 2008, overall and per region, expressed 
as absolute change and relative change above or below the average for all species combined.

Species Change per year in 
% (CI

95
)

p-value Relative change per 
year in % (CI

95
)

p-value

Overall

E. coli 8.1 (7.8-8.3) <0.01 1.7 (1.4-1.9) <0.01

S. aureus 2.8 (2.5-3.1) <0.01 -3.4 (-3.7- -3.1) <0.01

S. pneumoniae 3.8 (3.4-4.3) <0.01 -2.4 (-2.9- -2.0) <0.01

E. faecalis 8.7 (8.2-9.3) <0.01 2.3 (1.7-2.8) <0.01

E. faecium 19.3 (18.3-20.3) <0.01 12.4 (11.5-13.4) <0.01

All species combined 6.4 (6.2-6.5) <0.01 - -

Region I (North)

E. coli 5.1 (4.7-5.6) <0.01 0.1 (-0.3-0.6) 0.51

S. aureus 4.1 (3.4-4.7) <0.01 -0.9 (-1.5- -0.3) <0.01

S. pneumoniae 3.9 (3.1-4.7) <0.01 -1.1 (-1.8- -0.3) <0.01

E. faecalis 5.7 (0.6-4.6) <0.01 0.7 (-0.4-1.8) 0.20

E. faecium 13.2 (11.3-15.0) <0.01 7.7 (6.0-9.5) <0.01

All species combined 5.0 (4.8-5.1) <0.01 - -

Region II (West)

E. coli 5.8 (5.4-6.3) <0.01 1.7 (1.3-2.1) <0.01

S. aureus -0.4 (-0.8- -0.1) 0.13 -4.4 (-4.9- -4.0) <0.01

S. pneumoniae 3.0 (2.2-3.8) <0.01 -1.1 (-1.9- -0.4) <0.01

E. faecalis 10.9 (9.7-12.1) <0.01 6.7 (0.6-5.5) <0.01

E. faecium 19.6 (17.8-21.5) <0.01 15.3 (13.5-17.1) <0.01

All species combined 4.1 (4.0-4.2) <0.01 - -

Region III (East)

E. coli 9.9 (9.3-10.5) <0.01 1.2 (0.6-1.8) <0.01

S. aureus 7.0 (6.3-7.7) <0.01 -1.7 (-2.3- -1.0) <0.01

S. pneumoniae 6.8 (5.2-8.4) <0.01 -1.8 (-3.3- -0.3) 0.02

E. faecalis 7.1 (5.8-8.3) <0.01 -1.6 (-2.7- -0.4) <0.01

E. faecium 20.1 (17.4-22.8) <0.01 10.8 (1.2-8.3) <0.01

All species combined 8.7 (8.5-8.9) <0.01 - -
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Region IV (South)

E. coli 9.0 (8.5-9.6) <0.01 1.6 (1.1-2.2) <0.01

S. aureus 4.51 (3.8-5.2) <0.01 -2.7 (-3.3- -2.1) <0.01

S. pneumoniae 6.2 (4.9-7.4) <0.01 -1.1 (-2.3-0.0) 0.06

E. faecalis 6.3 (5.2-7.5) <0.01 -1.0 (-2.0-0.1) 0.09

E. faecium 18.2 (15.9-20.5) <0.01 10.4 (8.2-12.6) <0.01

All species combined 7.3 (7.2-7.5) <0.01 - -

Table S3. Average annual change in the number of MRSA and MSSA BSIs reported to the EARSS 
between 2002 and 2008, overall and per region. Only laboratories that consistently reported for 
all years were included. Separate estimates are given for the period before and after the tipping 
point of the MRSA trend in 2005.

Phenotype Period Change per year in % (CI
95

) p-value

Overall

MRSA 2002-2005 7.6 (6.1 - 9.1) <0.01

MRSA 2005-2008 -4.8 (-6.1 - -3.5) <0.01

MSSA 2002-2005 4.0 (3.2 - 4.8) <0.01

MSSA 2005-2008 3.6 (2.8 - 4.3) <0.01

Region I (North)

MRSA 2002-2005 27.5 (10.3 - 47.4) <0.01

MRSA 2005-2008 -7.1 (-18.6 - 5.9) 0.27

MSSA 2002-2005 0.8 (-0.6 - 2.3) 0.28

MSSA 2005-2008 6.4 (4.9 - 7.9) <0.01

Region II (West)

MRSA 2002-2005 1.0 (-0.9 – 3.0) 0.31

MRSA 2005-2008 -12.9 (-14.7 - -11.0) <0.01

MSSA 2002-2005 3.5 (2.1 - 4.9) <0.01

MSSA 2005-2008 2.3 (1.0 - 3.7) <0.01

Region III (East)

MRSA 2002-2005 24.2 (18.8 - 29.9) <0.01

MRSA 2005-2008 6.5 (2.7 - 10.5) <0.01

MSSA 2002-2005 9.1 (7.2 - 11.1) <0.01

MSSA 2005-2008 5.4 (3.6 - 7.1) <0.01

Region IV (South)

MRSA 2002-2005 12.9 (10.0 - 15.9) <0.01

MRSA 2005-2008 1.0 (-1.4 - 3.5) 0.40

MSSA 2002-2005 6.2 (4.2 - 8.3) <0.01

MSSA 2005-2008 1.1 (-0.8 – 3.0) 0.25

Table S2. Continued

Species Change per year in 
% (CI

95
)

p-value Relative change per 
year in % (CI

95
)

p-value
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Table S4. Average annual change in the number of E. coli BSIs resistant to G3C, FQ, AMINO or 
AMIPN reported to the EARSS between 2002 and 2008, overall and per region.

Phenotype Change per year in % (CI
95

) p-value

Overall

G3C 29.9 (28.2-31.5) <0.01

FQ 19.3 (18.6-20.1) <0.01

AMINO 17.2 (16.0-18.4) <0.01

AMIPN 11.1 (10.7-11.5) <0.01

Region I (North)

G3C 39.8 (33.6 - 46.4) <0.01

FQ 19 (16.8 - 21.1) <0.01

AMINO 29.2 (24.4 - 34.2) <0.01

AMIPN 12.6 (11.6 - 13.7) <0.01

Region II (West)

G3C 32.5 (29.4 - 35.8) <0.01

FQ 19.4 (18.1 - 20.8) <0.01

AMINO 16.5 (14.4 - 18.6) <0.01

AMIPN 7.7 (7.1 - 8.4) <0.01

Region III (East)

G3C 40.6 (36.1 - 45.3) <0.01

FQ 23.7 (21.9 - 25.5) <0.01

AMINO 16.3 (13.7 - 18.9) <0.01

AMIPN 14.4 (13.4 - 15.3) <0.01

Region IV (South)

G3C 21.9 (19.5 - 24.4) <0.01

FQ 14.8 (13.6 - 16) <0.01

AMINO 13.3 (11.5 - 15.2) <0.01

AMIPN 9.0 (8.2 - 9.8) <0.01

Table S5. Frequency (fraction of total number of BSIs reported per region) of E. coli, S. aureus, 
S. pneumoniae, E. faecalis, E. faecium BSIs reported to the EARSS in 2008, displayed per region.

E. coli S. aureus S. pneumoniae E. faecalis E. faecium

Region I (North) 10,348 (49) 5,305 (25) 3,185 (15) 1,613 (8) 880 (4)

Region II (West) 18,697 (46) 12,974 (32) 4,444 (11) 2,683 (7) 1,444 (4)

Region III (East) 6,392 (46) 4,574 (33) 877 (6) 1,438 (10) 575 (4)

Region IV (South) 8,655 (45) 5,643 (29) 1,456 (8) 2,335 (12) 1,255 (6)

Total 51,633 (47) 31,956 (29) 11,650 (11) 9,628 (9) 5,159 (5)

Table S6. Frequency (proportion of total number of isolates tested) and incidence density per 
1,000 patient-days of FQ resistant E. coli, MRSA and G3CREC BSIs reported to the EARSS in 2008, 
displayed per region.

FQ MRSA G3CREC FQ MRSA G3CREC

Frequency (resistance proportion) Incidence density

Region I (North) 1,131 (13) 56 (1) 285 (3) 0.10 0.003 0.002

Region II (West) 3,479 (20) 3,078 (24) 941 (5) 0.09 0.05 0.02

Region III (East) 1,402 (22) 806 (18) 521 (8) 0.04 0.02 0.02

Region IV (South) 3,038 (36) 2,180 (39) 1,353 (16) 0.15 0.11 0.06

Total 10,174 (21) 6,654 (21) 3,447 (7) 0.08 0.05 0.03






