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Background: Escherichia coli  is the leading cause 
of urinary tract infections (UTI) and bloodstream 
infections (BSI), and the emergence of antimicrobial 
resistance (AMR) in  E. coli  causes concern. Aim: To 
investigate changes in the proportion of extended-
spectrum β-lactamase (ESBL) producing isolates 
among E. coli isolated from urine and blood in Finland 
during 2008–2019. Methods: Susceptibility testing of 
1,568,488 urine (90% female, 10% male) and 47,927 
blood  E. coli  isolates (61% female, 39% male) from 
all Finnish clinical microbiology laboratories during 
2008–2019 was performed according to guidelines 
from the Clinical and Laboratory Standard Institute 
during 2008–2010 and the European Committee on 
Antimicrobial Susceptibility Testing during 2011–2019. 
A binomial regression model with log link compared 
observed trends over time and by age group and sex.
Results: The annual proportion of ESBL-producing E. 
coli isolates among E. coli from blood cultures increased 
from 2.4% (23/966) to 8.6% (190/2,197) among males 
(average annual increase 7.7%; 95% CI: 4.4–11.0%, 
p < 0.01) and from 1.6% (28/1,806) to 6.4% (207/3,218) 
among females (9.3%; 95% CI: 4.8–14.0%, p < 0.01). In 
urine cultures, the proportion of ESBL-producing  E. 
coli  isolates increased from 2.2% (239/10,806) to 
7.2% (1,098/15,297) among males (8.8%; 95% CI: 6.5–
11.3%, p < 0.01) and from 1.0% (1,045/108,390) to 3.1% 
(3,717/120,671) among females (8.6%; 95% CI: 6.3–
11.0%, p < 0.01). A significant increase was observed 
within most age groups. Conclusions: Considering 
the ageing population and their risk of E. coli BSI and 
UTI, the increase in the annual proportions of ESBL-
producing E. coli  is concerning, and these increasing 
trends should be carefully monitored.

Introduction
Escherichia coli  is the main cause of urinary tract 
infections (UTIs) and bacteraemias (blood stream 
infections; BSI) in high-income countries, causing 
substantial and increasing disease burden especially 
among elderly people [1-3]. Urinary tract infections, as 
one of the most common bacterial infections, are the 
leading source of  E. coli  BSI accounting for more than 
50% of cases in high-income countries during 2007–
2018 [1]. Several reports and studies published from 
high-income countries during 2020–2021 show that E. 
coli isolates obtained from BSIs and UTIs are becoming 
increasingly resistant to extended-spectrum β-lactams 
[4-8]. Furthermore, the emerging multidrug-resistant E. 
coli  strains, such as extended-spectrum β-lactamase 
(ESBL) producing E. coli, are more challenging to treat 
and confer a higher risk of BSI and death [9].

According to the European Antimicrobial Resistance 
Surveillance Network (EARS-Net) report in 2019 [10], 
there was a small but significant increase in third-gen-
eration cephalosporin (3GC) resistance among inva-
sive E. coli  isolates during 2015–2019 in the countries 
of the European Union (EU) and European Economic 
Area (EEA). However, while this increasing trend was 
no longer observed in the report from 2020 [11], resist-
ance was still high at 14.9%. In addition, considerable 
differences between countries were observed, with the 
percentage of resistant isolates ranging from 5.8 to 
41.4 [11].

To our knowledge, nationwide population-based 
studies describing trends in the prevalence of 
ESBL-producing E. coli, juxtaposing urinary and 
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blood isolates, and covering different age groups and 
sexes are scarce. In one study from Sweden, the pro-
portion of ESBL-producing E. coli  isolates, including 
cases detected by screening, was reported to have 
steadily increased among both sexes and within all age 
groups during 2007–2011 [12].

This study aims to investigate the proportions of ESBL-
producing  E. coli isolates and simultaneous resist-
ance to fluoroquinolones among urine and blood  E. 
coli  isolates collected in Finland during 2008–2019. 
We also aim to characterise trends within different age 
groups and between sexes during this study period.

Methods

Surveillance data
The national Finres database [13], operated by the 
Finnish Institute for Health and Welfare (THL), contains 
antimicrobial susceptibility test results of 20 com-
mon clinically important bacteria under surveillance 
in Finland such as  E. coli,  Staphylococcus aureus, and 
Streptococcus pneumoniae. Data are entered annu-
ally for each bacterial species and only the first iso-
late with a susceptibility test result per sample type 
and patient is reported to this database. Information 
reported includes: (i) bacteria name; (ii) susceptibility 
test results for certain antimicrobials (disc diffusion, 
minimum inhibitory concentration (MIC), and/or inter-
pretation of the test result); (iii) confirmed resistance 
mechanism for extended-spectrum β-lactams, meticil-
lin and vancomycin; (iv) age and sex (male or female) 
and (v) date and type of specimen.

These results are reported annually by all Finnish 
clinical microbiology laboratories that analyse blood 

and/or urine cultures, covering all healthcare districts 
in Finland. Reporting is mandatory. During 2008–2019, 
the annual number of laboratories reporting on blood 
cultures varied between 17 and 20 and the number of 
those reporting on urine cultures between 19 and 23. 
The Finres database covered approximately 98% of 
blood [8] and 96% of urine culture isolates sampled 
in Finland during the study period. All participating 
laboratories belong to the Finnish Study Group for 
Antimicrobial Resistance (FiRe), a clinical microbiology 
laboratory network. They are also government licenced, 
participate in international and national external qual-
ity assessment programmes as well as in the EARS-
Net, and provide high quality laboratory services.

In each laboratory, the clinical specimens were cul-
tured on appropriate growth media and bacterial 
growth was isolated and identified using standard 
methods such as biochemical tests, chromogenic cul-
ture medium, and/or matrix-assisted laser desorption 
ionisation-time of flight mass spectrometry (MALDI-
TOF MS). Antimicrobial susceptibility tests including 
phenotypical ESBL screening and confirmation were 
performed and interpreted according to the Clinical 
and Laboratory Standard Institute (CLSI) guidelines 
[14] during 2008–2010 and according to the European 
Committee on Antimicrobial Susceptibility Testing 
(EUCAST) guidelines [15] during 2011–2019.

Analysis and statistics
We calculated the annual proportions of ESBL-
producing E. coli  isolates from all urine and 
blood  E. coli  isolates for different sexes and age 
groups, expressed as percentage. In addition, we 
calculated the annual proportion of fluoroquinolone 
resistant ESBL-producing E. coli  isolates, defined 

What did you want to address in this study?
Extended-spectrum β-lactamase (ESBL)-production makes the bacterium Escherichia coli resistant to 
several β-lactam antibiotics. We wanted to investigate whether the proportion of ESBL-producing E. coli 
among urinary tract and bloodstream infections caused by E. coli increased in Finland during 2008–2019 
and understand the risk these bacteria pose on persons of different sex and age.

What have we learnt from this study?
The proportion of ESBL-producing isolates among E. coli from urinary tract and bloodstream infections 
increased in the entire Finnish population by nearly 9% per year and this proportion was highest in males 
and bloodstream infections. Also, the number and incidence of these infections caused by ESBL-producing 
E. coli increased and were highest in ≥ 60-year-olds. Simultaneous resistance to fluoroquinolones was high 
(nearly 80% in blood and 70% in urine).

What are the implications of your findings for public health?
When drawing up antimicrobial treatment guidelines, differences between infection types, age group, and 
sex should be considered. To focus prevention and control efforts, further research on sources of ESBL-
producing E. coli is urgently needed.
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as ESBL-producing and resistant to moxifloxacin, 
levofloxacin, ciprofloxacin, and/or norfloxacin. We also 
calculated the annual incidences of these resistance 
profiles per 100,000 inhabitants. To compare observed 
trends over time and between age groups and sex, 
we applied a binomial regression model with log link 
and with or without Newey–West standard errors, 
which takes into account the possible autocorrelation 
conditional on the chosen trend. For average annual 
increases (AAIs) and trends, we calculated 95% com-
patibility intervals (95% CI) and p values, p values 
of < 0.05 were considered statistically significant. Data 
were analysed using SPSS Statistics 25 (IBM, .ibm.
com) and Stata 17.0 (StataCorp LLC, .stata.com).

Results
During 2008–2019, a total of 2,261,875 bacterial iso-
lates from urine cultures and 108,952 from blood cul-
tures were identified in the Finres database. The annual 
number of these isolates increased from 180,767 in 
2008 to 188,342 in 2019 for urine cultures and from 
6,746 in 2008 to 12,081 in 2019 for blood cultures.

Of these isolates, 1,568,488 (69.3%) urine culture iso-
lates and 47,927 (44.0%) blood culture isolates were 
identified as E. coli. For all E. coli isolates, information 
on their ESBL status was available.

In addition, susceptibility test results for at least 
one fluoroquinolone were available for 96.0% 
(1,506,363/1,568,488) of the urine and 99.3% 
(47,611/47,927) of the blood  E. coli  isolates. For the 
urine E. coli isolates, the most common fluoroquinolone 
tested for resistance during 2008–2011 was 
norfloxacin (64.4% of fluoroquinolone-tested isolates; 
298,155/463,093) and during 2012–2019 ciprofloxacin 
(78.0%; 813,604/1,043,270). For blood E. coli isolates, 
ciprofloxacin accounted for 62.7% (29,870/47,611) of 
the fluoroquinolone-tested isolates during the study 
period.

Of  the urine E. coli isolates, 90.0% (1,411,644/1,568,488) 
were from females, 10.0% (156,842/1,568,488) from 
males, and two isolates were from individuals of unknown 
sex. Of the blood  E. coli  isolates, 61.2% (29,326/47,927) 
were from females and 38.8% (18,601/47,927) from males. 
The proportion of urine and blood  E. coli  isolates from 
patients aged ≥ 60 years were 65.3% (1,024,419/1,568,488) 
and 81.6% (39,131/47,927), respectively.

During the study period, the annual proportion of 
ESBL-producing E. coli  was consistently higher in 
blood than in urine  E. coli  isolates among both sexes 
(Figure 1). Moreover, it was consistently higher among 
males than females within both sample types (Figure 
1). Importantly, a significant increasing trend in these 

Figure 1
The annual proportion of extended-spectrum β-lactamase-producing Escherichia coli within urine and blood E. coli isolates 
among males and females, Finland, 2008–2019
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annual proportions was observed as shown in  Figure 
1  and  Supplementary Table S1  − annual proportions 
of ESBL-producing E. coli  in blood and urine  E. 
coli  isolates. In blood isolates, the annual proportion 
of ESBL-producing E. coli  more than tripled over the 
12 years, among males from 2.4% (23/966) in 2008 to 
8.6% (190/2,197) in 2019 (AAI: 7.7%; 95% CI: 4.4–11.0%, 
p < 0.01) and among females from 1.6% (28/1,806) 
to 6.4% (207/3,218) (AAI: 9.3%; 95% CI: 4.8–14.0%, 
p < 0.01). A similar increase was observed in urine 
isolates, among males from 2.2% (239/10,806) in 2008 
to 7.2% (1,098/15,297) in 2019 (AAI: 8.8%; 95% CI: 6.5–
11.3%, p < 0.01) and among females from 1.0% 
(1,045/108,390) to 3.1% (3,717/120,671) (AAI: 8.6%; 
95% CI: 6.3–11.0%, p < 0.01).

In addition, similar significant increasing trends were 
observed within all age groups in both sample types 
(Figure 2  and  Supplementary Table S1), except for 
blood isolates from males aged 20–39 and females 
aged 0–19 years. However, the annual proportions were 
higher in all male age groups compared with females 
in both sample types. Of note, the annual proportions 
and AAIs were similar between all age groups in both 
males and females. 

The majority of ESBL-producing E. coli  urine (67.5%, 
25,964/38,459) and blood isolates (80.2%, 2,132/2,660) 
were observed in the two oldest age groups (60–79 
and ≥ 80 years) among both sexes and both sample 
types (Figure 3  and  Supplementary Table S2  – annual 
numbers and incidences of ESBL-producing E. coli  in 
blood and urine E. coli  isolates). In urine cultures, the 
annual numbers of ESBL-producing E. coli isolates were 
considerably higher among all female age groups than 
males, but this was not observed in blood cultures.

The annual incidence of ESBL-producing  E. coli  was 
highest in the two oldest age groups (60–79 and 
≥ 80 years) among both sexes in both urine and blood E. 
coli  isolates, and in the ≥ 80 years age group it was 
higher than in 60–79 years age group (Figure 4). In urine 
cultures for the ≥ 80 years age group, the annual inci-
dence of ESBL-producing E. coli was around two times 
higher among females than males. On the contrary, in 
blood cultures, the incidence was higher among males 
than females. Finally, the annual incidence of ESBL-
producing E. coli  increased significantly among all age 
groups within both sample types during 2008–2019, 
except for blood isolates from males and females 
aged 0–19 and males aged 20–39 years (Figure 
4 and Supplementary Table S2). 

Figure 2
The annual proportion of extended-spectrum β-lactamase-producing Escherichia coli within urine E. coli isolates among (A) 
males and (B) females and within blood E. coli isolates among (C) males and (D) females stratified by age group, Finland, 
2008–2019
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In 2008, nearly 80% (40/51) of ESBL-producing E. 
coli  blood isolates and 70% (885/1,284) of ESBL-
producing E. coli  urine isolates were resistant to 
fluoroquinolones (Figure 5). These percentages 
remained stable during the study period (Figure 5).

Of note,  E. coli  isolates from urine and blood cultures 
that were resistant or had intermediate susceptibility 
to meropenem and/or imipenem were rare during the 
study period (68 urine isolates, 0.004%, range by year: 
2–16 and 13 blood isolates, 0.027%, range by year: 
0–3).

Discussion
Our study based on nationwide susceptibility testing 
results indicates that the annual proportion of ESBL-
producing E. coli in both urine and blood E. coli isolates 
significantly increased during 2008–2019 in Finland. 
This increase was similar in all age groups regardless 
of sex. Moreover, the proportions of ESBL-producing E. 
coli were consistently higher among males than females 
in both blood and urine isolates.

Similar increasing trends in the proportion of ESBL-
producing E. coli  among clinical  E. coli  isolates have 
been observed worldwide in different studies [2,16,17] 
and surveillance reports [4-8,10]. However, compar-
ing the results, particularly the annual proportions, 

is challenging due to differences in clinical diagnostic 
activity and surveillance methods such as different 
isolate reporting patterns and differences in report-
ing extended-spectrum β-lactam resistance [18]. 
Moreover, studies and surveillance reports differ in 
how age group, sex, sample type (urine/blood, clini-
cal/screening), and healthcare vs community associa-
tion are reported as well as how the annual incidences 
in demographic age groups have been analysed.

For  E. coli  blood isolates, the observed increasing 
trends in ESBL-producing E. coli were similar to reported 
trends in 3GC resistance among invasive E. coli isolates 
in other EU/EEA countries between 2008 and 2019 
[19]. However, according to the EARS-Net dataset, the 
absolute proportion of 3GC resistance in Finland was 
approximately half (7.8% in 2019) of the average for 
EU/EEA countries (15.1% in 2019, range: 6.2–38.6%) 
[10,19], but similar to other Nordic countries includ-
ing Sweden, Norway, Denmark, and Iceland (average 
in 2019: 7.1%; range: 6.2–7.8%) and the Netherlands 
(7.5% in 2019) [19]. For urine  E. coli  isolates, both the 
trends and annual proportions of ESBL-producing E. 
coli  we observed in this study were similar to those 
reported in other Nordic countries [5-7]. In addition, 
in the United States (US), a similar yearly increase of 
7.7% was reported for ESBL-producing E. coli  among 
urine E. coli isolates from adult and adolescent female 
outpatients during 2011–2019 [20]. However, the 

Figure 3
The annual number of extended-spectrum β-lactamase-producing Escherichia coli isolates within urine cultures among 
(A) males and (B) females and within blood cultures among (C) males and (D) females stratified by age group, Finland, 
2008–2019
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annual proportion in the US (7.3% in 2019) was approx-
imately double the proportion among female in- and 
outpatients in Finland (3.1% in 2019).

It is important to note that 90% of all observed ESBL-
producing E. coli  urine isolates were from females. 
However, this percentage was 61% for ESBL-producing E. 
coli blood isolates. As only the first E. coli isolate with 
a susceptibility test result per sample type and patient 
is reported to the Finres database, there should not 
be any duplicates in our study. This indicates that 
UTIs caused by ESBL-producing E. coli  were overall far 
more common among females. However, among males, 
the UTIs were presumably more often complicated 
resulting in BSI as more than half of  E. coli  BSIs are 
considered to derive from the urinary tract in high-
income countries [1]. In a previous study conducted in 
San Francisco, US, during 2014–2020, male sex and 
advanced age were associated with a higher propor-
tion of ESBL-producing E. coli among E. coli bacteriuria 
episodes [16], which was also observed in our study. 
However, we observed notably higher proportions 
of ESBL-producing E. coli  within  E. coli  blood isolates 
among males than among females. This may be 
related to urological procedures and frequent urinary 
catheterisation, which have previously been reported 
as risk factors for community-onset ESBL-producing E. 

coli  BSI and other infections [21,22]. Also, due to the 
increased risk of complications in males, their UTIs are 
likely more often treated with extended-spectrum anti-
microbials than females’ UTIs.

Perhaps the most concerning finding of our study 
was the constantly increasing proportion of ESBL-
producing E. coli within blood E. coli  isolates, which is 
also in line with surveillance reports from other Nordic 
countries [5-7]. According to our study, the annual num-
ber of all blood isolates reported to the Finres data-
base nearly doubled during the study period and  E. 
coli  accounted for 44.0% of these isolates. This is in 
line with a previous Finnish study based on different 
surveillance data from 2004–2018 [3]. The increas-
ing proportion of ESBL-producing E. coli, especially in 
blood E. coli isolates, should be monitored carefully to 
prevent empirical treatment failures since nearly 9–10% 
of recent blood E. coli  isolates from males were ESBL-
producing, and intravenous cefuroxime is the drug of 
choice for empirical treatment of severe febrile UTI (e.g. 
pyelonephritis) and BSI in Finland [23]. Furthermore, 
the increasing proportion of ESBL-producing E. 
coli  may result in increased use of carbapenems, 
particularly for severe infections, as nearly 80% of 
blood and 70% of urine ESBL-producing E. coli  isolates 
were also resistant to fluoroquinolones. Fortunately, 

Figure 4
The annual incidence of extended-spectrum β-lactamase-producing Escherichia coli (numbers per 100,000 inhabitants) 
within urine cultures among (A) males and (B) females and within blood cultures among (C) males and (D) females 
stratified by age group, Finland, 2008–2019
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AAI: 10.6%
95%Cl: 7.4–13.9
p<0.001

AAI: 11.2%
95%Cl: 5.5–17.3
p<0.001

AAI: 10.1%
95%Cl: 7.9–12.5
p<0.001

AAI: 10.8%
95%Cl: 8.7–13.0
p<0.001

AAI: 9.5%
95%Cl: 6.6–12.4
p<0.001

AAI: 10.8%
95%Cl: 7.9–13.8
p<0.001

AAI: 7.2%
95%Cl: 4.9–9.6
p<0.001

AAI: 7.1%
95%Cl: 4.6–9.6
p<0.001

AAI: 9.6%
95%Cl: 7.5–11.7
p<0.001

p<0.001

AAI: 9.7%
95%Cl: 6.5–

AAI: 11.0%
95%Cl: -1.2–24.7
p=0.079

AAI: 10.4%
95%Cl: -1.3–23.6
p=0.083

AAI: 10.5%
95%Cl: 6.3 –14.9
p<0.001

AAI: 13.9%
95%Cl: 9.5–18.5
p<0.001

AAI: 16.3%
95%Cl: 12.9–19.8
p<0.001

AAI: 6.8%
95%Cl: -7.6–23.5
p=0.375

AAI: 16.6%
95%Cl: 9.3–24.3
p<0.001

AAI: 11.9%
95%Cl: 6.3–17.9
p<0.001

AAI: 15.7%
95%Cl, 10.6–21.0
p<0.001

AAI: 15.1%
95%Cl: 9.9–20.5
p<0.001

12.9

AAI: average annual increase; CI: compatibility interval; ESBL+ : isolate positive for extended-spectrum β-lactamase-producing Escherichia 
coli.
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carbapenem-resistant  E. coli  isolates were extremely 
rare in Finland during the study period.

The majority of ESBL-producing E. coli  isolates 
were observed in individuals aged ≥ 60 years. This 
demonstrates that the highest morbidity of ESBL-
producing E. coli  as a cause of UTI or BSI was in 
individuals aged ≥ 60 years. Similar results can also 
be derived from a Swedish surveillance report [5]. 
Concomitantly, our results demonstrated that the 
risk of acquiring an ESBL-producing E. coli  UTI was 
greatest in females aged ≥ 80 years, the demographic 
group in which the incidence was highest. In contrast, 
males aged ≥ 80 years had the greatest risk of BSIs. 
Furthermore, it is important to note that both the 
morbidity and risk of ESBL-producing E. coli  UTIs and 
BSIs also increased in most other age groups during 
the study period. This was also demonstrated in an 
earlier Swedish study, in which the number of ESBL-
producing E. coli  isolates were shown to increase 
steadily in males and females in all age groups during 
2007–2011 [12]. These studies are not directly compa-
rable, however, as the Swedish study included screen-
ing samples.

It is important to note that differences in national or 
local clinical guidelines and practices in collecting 
bacterial culture samples may influence the observed 
resistance proportions. For example, if clinical samples 
are mostly collected for diagnosis and management of 
more complicated UTIs, such as pyelonephritis, this 
may lead to an overestimation of ESBL-producing E. 
coli  proportions since cystitis is the most common 
UTI. In Finland, the diagnosis and management of 
acute cystitis (uncomplicated UTI) can be based on 
structured interviews in otherwise healthy women 
aged 18–65 years according to the Finnish current care 
guidelines [23]. If empirical treatment fails in this age 

group, urinary cultures are requested [23]. In turn, 
urinary cultures are requested for diagnosis and man-
agement of all other UTI cases (complicated UTIs such 
as pyelonephritis, urosepsis, and UTIs of males, chil-
dren, and women over 65 years of age) in Finland [23]. 
In our data, this may have led to a slight overestima-
tion in the proportion of ESBL-producing E. coli in UTIs 
of women aged 18–65 years compared with the other 
demographic groups. In addition, in clinical practice, 
despite the current care guidelines, some of the com-
plicated UTIs may be treated empirically without cul-
turing the urine, or the urinary cultures may be taken 
after the initiation of antimicrobial treatment lowering 
the sensitivity of finding the pathogen [24], which may 
have led to a slight overestimation in the proportion of 
ESBL-producing E. coli in UTIs in our data.

Our study has some limitations. First, we could not 
differentiate community- and healthcare-associated 
isolates and we had no data on the molecular epide-
miology of these isolates. A previous study has shown 
CTX-M to be the most common resistance mechanism 
(79%) in nosocomial BSIs caused by ESBL-producing E. 
coli  and  Klebsiella pneumoniae  in Finland during 
1999–2010 [25]. In addition, the rates of nosocomial 
BSIs caused by 3GC-resistant  E. coli  and  K. pneumo-
niae  increased more sharply than the overall national 
rates in Finland [25]. Second, within the dataset, blood 
and urine isolates could not be matched so information 
on which of the urine isolates caused BSIs is unknown. 
Third, there was no information about severity and 
clinical outcome of the infections or data on underlying 
medical conditions and surgical or other procedures in 
the patients.

Finally, to slow down the increasing trend of ESBL-
producing E. coli UTIs and BSIs in Finland, more research 
on source attribution for ESBL-producing E. coli is needed. 
International travel, especially to high prevalence 
countries, has shown to be associated with acquisition 
of ESBL-producing Enterobacteriaceae  [26,27] and 
development of community-onset ESBL-producing E. 
coli  infections [28]. In a publication from 2015, where 
Finnish travellers who had visited destinations outside 
the Nordic countries were investigated, around 20% of 
them were reported to have become colonised by ESBL-
producing Enterobacteriaceae. In that study, travellers’ 
diarrhoea (TD) and antimicrobial use for TD were found 
as independent risk factors for colonisation [29].

The probability of onward transmission of ESBL-
producing Enterobacteriaceae  within households of 
travellers has been estimated to be 12% [30]. However, 
the extent of further spread in healthcare facilities, 
particularly in nursing homes, is not known. In addi-
tion, antimicrobial use and the presence of ESBL-
producing E. coli in livestock and livestock products may 
also contribute. However, the latter is probably not the 
case in Finland as no clear evidence of genetic overlap 
between human and animal, food, or environmental 
ESBL-producing E. coli isolates was observed in a study 

Figure 5
The annual proportion of fluoroquinolone resistance 
among extended-spectrum β-lactamase-producing 
Escherichia coli isolates from urine and blood, Finland, 
2008–2019
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from 2022 [31]. Antimicrobial use, in turn, is a well-
recognised driver of antimicrobial resistance (AMR). In 
Finland, the annual total consumption of antimicrobi-
als, including fluoroquinolones, for treating patients 
decreased during 2013–2020 [32]. During the same 
period, 3GC consumption was stable, although overall 
higher than in other Nordic countries [32]. However, the 
proportion of ESBL-producing E. coli  increased during 
the same period in Finland according to our study. 
Furthermore, in Norway, multidrug-resistant clonal 
complex (CC)131 E. coli  isolates significantly increased 
during 2002–2017 despite low antibiotic use [33]. 
Hence, the important question is whether the decrease 
in antimicrobial consumption was too limited, espe-
cially among patients in certain risk groups, such as 
patients in nursing homes and other long-term care 
facilities and hospital wards, to prevent the increase in 
ESBL-producing E. coli isolates.

Conclusion
Our nationwide study demonstrates that the highest risk 
and greatest morbidity of ESBL-producing E. coli  UTIs 
and BSIs in Finland are in patients aged ≥ 60 years, in 
whom  E. coli  causes major and increasing morbidity. 
Furthermore, the proportion of ESBL-producing E. 
coli  in urine and blood  E. coli  isolates increased 
during the study period being constantly higher 
among males than females. As most ESBL-producing E. 
coli  isolates are also resistant to fluoroquinolones, 
this increase may severely limit effective treatment 
options of severe infections such as pyelonephritis 
and urosepsis, ultimately leading to the increased 
use of carbapenems. These observed trends need to 
be carefully monitored, highlighting the importance of 
AMR surveillance. Moreover, the main drivers behind 
ESBL-producing E. coli  acquisition in Finland require 
further investigation.

Ethical statement
Ethical approval was not required in this register-based 
study, since the data were gathered for surveillance purpos-
es, and they did not contain patient-identifying information.

Data availability
The Finres database is available at https://sampo.thl.fi/
pivot/prod/fi/finres/lite/fact_lite.

Acknowledgements
Collaborative groups

We would like to thank all Finnish clinical microbiology labo-
ratories and the corresponding clinical microbiology special-
ists for supplying susceptibility data to the national Finres 
database:

Finnish Clinical Microbiology, FiRe laboratories (2021):

HUSLAB/Kymenlaakso (Merja Rautio), HUSLAB/South Karelia 
(Merja Rautio), Fimlab/Hämeenlinna (Dominik Kerimov and 
Bruno Luukinen), Fimlab/Jyväskylä (Jaakko Uksila, Bruno 
Luukinen, and Dominik Kerimov), Fimlab/Lahti (Susanna 
Lukinmaa-Åberg), Fimlab/Tampere (Dominik Kerimov and 
Bruno Luukinen), Fimlab/Vaasa (Roosa Jämsén), HUSLAB 
(Merja Rautio), ISLAB/Joensuu (Jari Karhukorpi), ISLAB/
Kuopio (Anne-Mari Rissanen and Heikki Ilmavirta), ISLAB/
South Savo (Päivi Suomala and Terhi Tuhkalainen), NordLab 
Kajaani (Laura Savolainen and Jari Kauranen); NordLab Kemi 
(Laura Savolainen and Jari Kauranen), NordLab Kokkola 
(Laura Savolainen and Jari Kauranen), NordLab Oulu (Laura 
Savolainen, Miia Mella, Jari Kauranen, and Sini Koivunen), 
NordLab Rovaniemi (Joanna Peltola and Jari Kauranen), 
SataDiag, Seinäjoki Central Hospital (Jaana Kauppila), 
SYNLAB Finland, THL Mycobacterium Laboratory (Hanne-
Leena Hyyryläinen and Silja Mentula), Vita Laboratories, 
and Tyks Laboratories (Juha O. Grönroos, Kaisu Rantakokko-
Jalava, and Marianne Gunell).

The Finnish Study Group for Antimicrobial Resistance (FiRe) 
Steering Committee (2021):

Antti Hakanen (chair, Tyks Laboratories), Nathalie Friberg 
(HUSLAB), Hanne-Leena Hyyryläinen (THL), Heikki Ilmavirta 
(ISLAB), Jaana Kauppila (Seinäjoki Central Hospital), Jari 
Kauranen (Nordlab), Päivi Mähönen (Vita Laboratories), 
Anu Pätäri-Sampo (HUSLAB), Kaisu Rantakokko-Jalava (Tyks 
Laboratories), Hannu Sarkkinen, and Tapio Seiskari (Fimlab).

Conflict of interest
None declared.

Authors’ contributions
All the authors have significantly contributed to the study 
design and/or conduct. HI, KR, TK, AJH, JJ and OL drafted the 
manuscript and JO performed statistical analyses. All au-
thors reviewed and contributed to the manuscript.

References
1.	 Bonten M, Johnson JR, van den Biggelaar AHJ, Georgalis L, 

Geurtsen J, de Palacios PI, et al. Epidemiology of Escherichia 
coli Bacteremia: A Systematic Literature Review. Clin Infect Dis. 
2021;72(7):1211-9.  https://doi.org/10.1093/cid/ciaa210  PMID: 
32406495 

2.	 MacKinnon MC, McEwen SA, Pearl DL, Lyytikäinen O, 
Jacobsson G, Collignon P, et al. Increasing incidence and 
antimicrobial resistance in Escherichia coli bloodstream 
infections: a multinational population-based cohort study. 
Antimicrob Resist Infect Control. 2021;10(1):131.  https://doi.
org/10.1186/s13756-021-00999-4  PMID: 34488891 

3.	 Kontula KSK, Skogberg K, Ollgren J, Järvinen A, Lyytikäinen O. 
Population-Based Study of Bloodstream Infection Incidence 
and Mortality Rates, Finland, 2004-2018. Emerg Infect Dis. 
2021;27(10):2560-9.  https://doi.org/10.3201/eid2710.204826  
PMID: 34546161 

4.	 World Health Organization (WHO) Regional Office for 
Europe and European Centre for Disease Prevention 
and Control (ECDC). Surveillance of antimicrobial 
resistance in Europe, 2020 data. Executive Summary. 
Stockholm: ECDC; 2021. Available from: https://
www.ecdc.europa.eu/en/publications-data/
surveillance-antimicrobial-resistance-europe-2020

5.	 National Veterinary Institute (SVA). Swedres-Svarm 2019. 
Sales of antibiotics and occurrence of resistance in Sweden. 
Stockholm: SVA; 2020. Available from: https://www.sva.
se/en/our-topics/antibiotics/svarm-resistance-monitoring/
swedres-svarm-reports/

6.	 Norwegian Institute of Public Health (NIPH) and the 
Norwegian Veterinary Institute. NORM and NORM-VET. Usage 
of Antimicrobial Agents and Occurrence of Antimicrobial 

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2023.28.43.2200934&domain=pdf&date_stamp=2023-10-26


9www.eurosurveillance.org

Resistance in Norway. Oslo: NIPH; 2021. Available from: 
https://www.fhi.no/en/publ/2021/norm-and-norm-vet/

7.	 Statens Serum Institut (SSI). DANMAP 2019 - Use of 
antimicrobial agents and occurrence of antimicrobial 
resistance in bacteria from food animals, food and humans 
in Denmark. Copenhagen: SSI; 2020. Available from: https://
www.danmap.org/reports/2019

8.	 Räisänen K, Ilmavirta H, Jalava J, Vuento R, Hakanen A, 
Salmenlinna S, et al. Bakteerien mikrobilääkeresistenssi 
Suomessa - Finres 2019. [Finnish Antimicrobial resistance 
report - Finres 2019]. Helsinki: Finnish Institute for Health and 
Welfare (THL); 2020. Finnish. Available from: https://urn.fi/
URN:ISBN:978-952-343-588-9

9.	 MacKinnon MC, McEwen SA, Pearl DL, Lyytikäinen O, 
Jacobsson G, Collignon P, et al. Mortality in Escherichia coli 
bloodstream infections: a multinational population-based 
cohort study. BMC Infect Dis. 2021;21(1):606.  https://doi.
org/10.1186/s12879-021-06326-x  PMID: 34172003 

10.	 European Centre for Disease Prevention and 
Control (ECDC). Antimicrobial resistance in the EU/
EEA (EARS-Net) - Annual Epidemiological Report 
for 2019. Stockholm: ECDC; 2020. Available from: 
https://www.ecdc.europa.eu/en/publications-data/
surveillance-antimicrobial-resistance-europe-2019

11.	 World Health Organization (WHO) Regional Office for Europe 
and European Centre for Disease Prevention and Control 
(ECDC). Antimicrobial resistance surveillance in Europe 
2022 (2020 data). Stockholm: ECDC; 26 Jan 2022. Available 
from: https://www.ecdc.europa.eu/en/publications-data/
antimicrobial-resistance-surveillance-europe-2022-2020-data

12.	 Brolund A, Edquist PJ, Mäkitalo B, Olsson-Liljequist B, 
Söderblom T, Wisell KT, et al. Epidemiology of extended-
spectrum β-lactamase-producing Escherichia coli in Sweden 
2007-2011. Clin Microbiol Infect. 2014;20(6):O344-52.  https://
doi.org/10.1111/1469-0691.12413  PMID: 24118431 

13.	 Finnish Institute for Health and Welfare (THL). Finres kuutio 
(julkinen). [Finres cube (public)]. [Accessed: 8 Oct 2021]. 
Finnish. Available from: https://sampo.thl.fi/pivot/prod/fi/
finres/lite/fact_lite

14.	 Clinical & Laboratory Standards Institute (CLSI). CLSI 
Guidelines. Pennsylvania: CLSI. [Accessed: 22 Sep 2023]. 
Available from: https://clsi.org

15.	 European Committee on Antimicrobial Susceptibility Testing 
(EUCAST). Växjö: EUCAST. [Accessed: 22 Sep 2023]. Available 
from: https://www.eucast.org/

16.	 Raphael E, Glymour MM, Chambers HF. Trends in prevalence 
of extended-spectrum beta-lactamase-producing Escherichia 
coli isolated from patients with community- and healthcare-
associated bacteriuria: results from 2014 to 2020 in an urban 
safety-net healthcare system. Antimicrob Resist Infect Control. 
2021;10(1):118.  https://doi.org/10.1186/s13756-021-00983-y  
PMID: 34380549 

17.	 van Driel AA, Notermans DW, Meima A, Mulder M, Donker GA, 
Stobberingh EE, et al. Antibiotic resistance of Escherichia 
coli isolated from uncomplicated UTI in general practice 
patients over a 10-year period. Eur J Clin Microbiol Infect Dis. 
2019;38(11):2151-8.  https://doi.org/10.1007/s10096-019-
03655-3  PMID: 31440915 

18.	 Mesa Varona O, Chaintarli K, Muller-Pebody B, Anjum MF, 
Eckmanns T, Norström M, et al. Monitoring antimicrobial 
resistance and drug usage in the human and livestock sector 
and foodborne antimicrobial resistance in six European 
countries. Infect Drug Resist. 2020;13:957-93.  https://doi.
org/10.2147/IDR.S237038  PMID: 32308439 

19.	 European Centre for Disease Prevention and Control (ECDC). 
Surveillance atlas of infectious diseases. Stockholm: ECDC. 
[Accessed: 17 Nov 2021]. Available from: https://atlas.ecdc.
europa.eu/public/index.aspx?Dataset=27&HealthTopic=4.

20.	 Kaye KS, Gupta V, Mulgirigama A, Joshi AV, Scangarella-
Oman NE, Yu K, et al. Antimicrobial Resistance Trends in 
Urine Escherichia coli Isolates From Adult and Adolescent 
Females in the United States From 2011 to 2019: Rising ESBL 
Strains and Impact on Patient Management. Clin Infect Dis. 
2021;73(11):1992-9.  https://doi.org/10.1093/cid/ciab560  
PMID: 34143881 

21.	 Rodríguez-Baño J, Picón E, Gijón P, Hernández JR, Ruíz M, 
Peña C, et al. Community-onset bacteremia due to extended-
spectrum β-lactamase-producing Escherichia coli: risk factors 
and prognosis. Clin Infect Dis. 2010;50(1):40-8.  https://doi.
org/10.1086/649537  PMID: 19995215 

22.	 Rodríguez-Baño J, Alcalá JC, Cisneros JM, Grill F, Oliver A, 
Horcajada JP, et al. Community infections caused by extended-
spectrum beta-lactamase-producing Escherichia coli. Arch 
Intern Med. 2008;168(17):1897-902.  https://doi.org/10.1001/
archinte.168.17.1897  PMID: 18809817 

23.	 Working group set up by the Finnish Medical Society Duodecim 
and the Finnish Cardiac Society. Virtsatieinfektiot. [Urinary 
tract infections]. Current Care Guidelines. Helsinki: The Finnish 
Medical Society Duodecim; 2019. [Accessed: 26 Jun 2022]. 
Finnish. Available from: www.kaypahoito.fi

24.	John G, Mugnier E, Pittet E, Staehli DM, Clerc O, Kenfak AF, 
et al. Urinary culture sensitivity after a single empirical 
antibiotic dose for upper or febrile urinary tract infection: A 
prospective multicentre observational study. Clin Microbiol 
Infect. 2022;28(8):1099-104.  https://doi.org/10.1016/j.
cmi.2022.02.044  PMID: 35289297 

25.	 Martelius T, Jalava J, Kärki T, Möttönen T, Ollgren J, 
Lyytikäinen O, Hospital Infection Surveillance team. 
Nosocomial bloodstream infections caused by Escherichia 
coli and Klebsiella pneumoniae resistant to third-
generation cephalosporins, Finland, 1999-2013: Trends, 
patient characteristics and mortality. Infect Dis (Lond). 
2016;48(3):229-34.  https://doi.org/10.3109/23744235.2015.11
09135  PMID: 26577519 

26.	 Arcilla MS, Van Hattem JM, Bootsma MCJ, van Genderen PJJ, 
Goorhuis A, Grobusch MP, et al. Prevalence and risk factors 
for carriage of ESBL-producing Enterobacteriaceae in a 
population of Dutch travellers: A cross-sectional study. Travel 
Med Infect Dis. 2020;33:101547.  https://doi.org/10.1016/j.
tmaid.2019.101547  PMID: 31862246 

27.	 Frost I, Van Boeckel TP, Pires J, Craig J, Laxminarayan R. Global 
geographic trends in antimicrobial resistance: the role of 
international travel. J Travel Med. 2019;26(8):1-13.  https://doi.
org/10.1093/jtm/taz036  PMID: 31115466 

28.	Laupland KB, Church DL, Vidakovich J, Mucenski M, Pitout 
JDD. Community-onset extended-spectrum β-lactamase 
(ESBL) producing Escherichia coli: importance of international 
travel. J Infect. 2008;57(6):441-8.  https://doi.org/10.1016/j.
jinf.2008.09.034  PMID: 18990451 

29.	 Kantele A, Lääveri T, Mero S, Vilkman K, Pakkanen SH, 
Ollgren J, et al. Antimicrobials increase travelers’ risk of 
colonization by extended-spectrum betalactamase-producing 
Enterobacteriaceae. Clin Infect Dis. 2015;60(6):837-46.  
https://doi.org/10.1093/cid/ciu957  PMID: 25613287 

30.	 Arcilla MS, van Hattem JM, Haverkate MR, Bootsma MCJ, 
van Genderen PJJ, Goorhuis A, et al. Import and spread of 
extended-spectrum β-lactamase-producing Enterobacteriaceae 
by international travellers (COMBAT study): a prospective, 
multicentre cohort study. Lancet Infect Dis. 2017;17(1):78-
85.  https://doi.org/10.1016/S1473-3099(16)30319-X  PMID: 
27751772 

31.	 Kurittu P, Khakipoor B, Jalava J, Karhukorpi J, Heikinheimo 
A. Whole-Genome Sequencing of Extended-Spectrum Beta-
Lactamase-Producing Escherichia coli From Human Infections 
in Finland Revealed Isolates Belonging to Internationally 
Successful ST131-C1-M27 Subclade but Distinct From Non-
human Sources. Front Microbiol. 2022;12:789280.  https://doi.
org/10.3389/fmicb.2021.789280  PMID: 35058905 

32.	 Koukkari K, Ollgren J, Ilmavirta H, Cristea V, Voipio T. 
Mikrobilääkekulutus Suomessa 2013-2020. [Antimicrobial 
consumption in Finland 2013-2020]. Helsinki: Finnish Institute 
for Health and Welfare (THL); 2021. Finnish. Available from: 
https://urn.fi/URN:ISBN:978-952-343-761-6

33.	 Gladstone RA, McNally A, Pöntinen AK, Tonkin-Hill G, Lees JA, 
Skytén K, et al. Emergence and dissemination of antimicrobial 
resistance in Escherichia coli causing bloodstream infections 
in Norway in 2002-17: a nationwide, longitudinal, microbial 
population genomic study. Lancet Microbe. 2021;2(7):e331-
41.  https://doi.org/10.1016/S2666-5247(21)00031-8  PMID: 
35544167

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, 2023.

https://crossmark.crossref.org/dialog/?doi=10.2807/1560-7917.ES.2023.28.43.2200934&domain=pdf&date_stamp=2023-10-26

