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Objectives: In severe infections, time to appropriate therapy is decisive for survival. Patients with blood-
stream infection caused by extended-spectrum pS-lactamase-producing Enterobacterales (EPE-BSI) often
receive inadequate empirical treatment. This study aimed to identify risk factors, to evaluate a previously
suggested risk score and to suggest a new score for facilitating empirical treatment choice.
Methods: Predictors for EPE-BSI were assessed through a retrospective case-control design. The diag-
nostic performance of the two scores was evaluated. Included patients had blood cultures sampled at
four EDs in Stockholm (2012-2015), were admitted, and received antibiotics with activity against Gram-
negative bacilli.
Results: A total of 277 EPE-BSI cases and 400 controls were included. The strongest predictor of EPE-
BSI was prior EPE-positive culture (cases 33% vs. controls 3%; multivariate (MV) OR=19.1). Recent EPE-
positivity within <3 months had a univariate OR of 32.8. Other major predictors were recent prostate
biopsy (14% vs. 1%; MV OR=22.2) and healthcare abroad (6% vs. 2%; MV OR=3.9). Several previously
suggested risk factors were not associated with EPE-BSI. The previously developed Utrecht score had a
sensitivity of 54% and a specificity of 77%. The Stockholm score suggested herein (prior EPE-positive cul-
ture/prostate biopsy/healthcare abroad) showed comparable sensitivity (50%) but better specificity (96%).
Prediction in patients lacking major predictors was difficult and caused high false-positive rates, which
would cause unnecessary overtreatment.
Conclusions:  Prior EPE-positive culture, especially recently sampled, prostate biopsy and healthcare
abroad were the strongest risk factors for community-onset EPE-BSI in Stockholm. Local data are needed
when evaluating risk-scoring models before implementation.
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1. Introduction

Antimicrobial resistance in Gram-negative bacilli is an in-
creasing problem worldwide. Enterobacterales resistant to third-
generation cephalosporins (3GCs) are classified by the World
Health Organization (WHO) as a critical priority pathogen and are
a cause of increased healthcare costs and mortality [1,2]. Produc-
tion of extended-spectrum S-lactamases (ESBLs) confers resistance
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to cephalosporins, which are the first-line empirical treatment for
community-onset sepsis in many countries, including Sweden [3].
The rate of ESBL-producing Enterobacterales (EPE) is increasing
worldwide at a rapid rate. ESBL production, and thus cefotaxime
resistance, was found in 8% of Escherichia coli from bloodstream
infections (BSIs) in Stockholm in 2017 according to data extracted
from the laboratory information system of Karolinska University
Laboratory (Stockholm, Sweden),

In severe infections, the time to appropriate antibiotic therapy
is decisive for survival [4-6]. In the absence of point-of-care tests
for detection of sepsis pathogens and resistance markers, empirical
treatment is initiated before the infecting microorganism is known.
Treatment decisions are based on patients’ clinical presentation,
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history and severity of illness. BSIs caused by EPE (EPE-BSIs) are
associated with a high risk of receiving inadequate empirical treat-
ment, and these patients are at risk of higher mortality [7,8]. There
is thus an increasing need to identify patients at risk for EPE-BSI
on admission. Several studies suggest different scores to aid this
decision [9-13]. Rottier et al. developed a prediction score for BSI
caused by 3GC-resistant enterobacteria, herein referred to as the
‘Utrecht score’ [14]. The score consists of six variables assigned
different points, however this complexity might limit practicality.
Thus, a simpler screening system for EPE-BSI in patients with
suspected sepsis would be beneficial.

In case-control studies, the choice of the source population
is of great importance for the ability to generalise the results
through prediction scores [8,14-16]. When utilising patients with
BSI caused by a susceptible strain of the same species as controls
[10,17,18], the results can only be applied in the setting with a
species-identified positive blood culture, before susceptibility re-
sults are available. As a proxy for the suspicion of a severe Gram-
negative infection, we used initiation of treatment with an agent
with a Gram-negative spectrum and collection of blood culture
[14].

The aim of this study was (i) to evaluate the performance of
the Utrecht score as an aid for decisions on empirical therapy to
cover EPE-BSIs in patients with suspected community-onset sepsis
and (ii) to identify predictors for EPE-BSI useful for less complex
screening tools. Furthermore, the impact of time since previous
culture finding of EPE to predict future EPE-BSI was investigated.

2. Methods
2.1. Setting and patients

This study was performed as a retrospective case-control study
in one secondary/tertiary-care university hospital (with two emer-
gency departments (EDs)) as well as two secondary-care hospitals
in Stockholm (Sweden), covering a population of 1.5 million people
for secondary care.

Patients attending the EDs between 1 January 2012 and 31 De-
cember 2015 were included if they were aged >18 years, had a
blood culture drawn, were admitted and had antibiotic treatment
started <24 h with an agent with activity against Gram-negative
bacteria (Fig. 1). Agents included broad-spectrum cephalosporins,
piperacillin/tazobactam (PTZ), monobactams, carbapenems, amino-
glycosides, fluoroquinolones, trimethoprim/sulfamethoxazole (SXT),
tigecycline and colistin. Patients transferred from another hospi-
tal were excluded. Cases were patients with growth of an EPE in
the blood culture, and repeated episodes were excluded. Controls
(n=400) were randomly selected and were matched for hospital
and year of sampling.

Patients were identified through the laboratory information sys-
tem at Karolinska University Laboratory. Potential cases and con-
trols were subjected to retrospective chart review. The microbio-
logical methods utilised by the routine laboratory are described in
the Supplementary material.

2.2. Variables and definitions

Patient data recorded included: patient characteristics; mi-
crobiological cultures and antimicrobial susceptibility; Charlson
co-morbidity index [19]; and severity of disease assessed by
Sequential Organ Failure Assessment (SOFA) score [20,21]. Risk
factors for EPE-BSI examined were based on suggestions in prior
studies as well as local observations. Prior antibiotic use was
analysed separately for each antibiotic group, as any antibiotic
treatment and as a subgroup consisting of agents with an impact
on the gut microbiota but limited activity against EPE, including

aminopenicillins, cephalosporins, fluoroquinolones, trimethoprim
and SXT (Supplementary Table S1) [22].

The Utrecht score is based on the sum of points (in parenthe-
sis) given for certain risk factors: prior EPE-positive culture <1 year
(100); suspected urinary tract infection (UTI) (50); suspected pneu-
monia (-50); immunocompromised (25); any use of antibiotics in
prior 2 months (25); and age (1 point per year). Rottier et al. sug-
gest a cut-off at >120 for identifying patients with a high risk for
3GC-resistant Enterobacterales (Supplementary Table S2) [14].

Empirical treatment was defined as agents given in the first 24
h. If several agents were given, the patient was classified as be-
longing to the agent/group with the least resistance among EPE
isolates in the cases (Supplementary Table S3, susceptibility test-
ing according to European Committee on Antimicrobial Suscep-
tibility Testing (EUCAST) breakpoint table valid at time of isola-
tion [23]). The order of increasing resistance was: carbapenems;
PTZ; aminoglycosides; fluoroquinolones/SXT; and cephalosporins.
Empirical treatment generally recommended for patients with a
high risk of EPE-BSI is a carbapenem or high-dose PTZ [24-28].
Combination treatment with amikacin is another alternative, but
aminoglycosides have been questioned as monotherapy for sys-
temic infections [29,30]. For these reasons, a carbapenem or PTZ
was evaluated as the treatment of choice for a patient with a pos-
itive Stockholm or Utrecht score.

Treatment was considered appropriate when the EPE isolate
was susceptible in vitro, except for PTZ 4 g every 6 h, which
was considered appropriate both for susceptible and intermediate
(new EUCAST definition from 2019: susceptible, increased expo-
sure) strains.

2.3. Statistical analysis

Logistic regression was used to compute the odds ratio (OR)
and 95% confidence interval (CI). All ORs were adjusted for hos-
pital and year. Fifteen predictors were selected for further multi-
variate logistic regression analysis (for details see Supplementary
material). Diagnostic performance of the Utrecht score compared
with the presence of any of the three most important predictors
identified through logistic regression, called the ‘Stockholm score’,
was evaluated for sensitivity, specificity, positive predictive value
(PPV) and negative predictive value (NPV). The hypothetical impact
on empirical treatment of the two scores compared with the actual
empirical treatment the patients received was evaluated. Stata Sta-
tistical Software: Release 13 (StataCorp LP, College Station, TX) was
used for statistical calculations.

3. Results

In total 277 cases of community-onset EPE-BSI fulfilled the in-
clusion criteria. The size of the study population was estimated
at 46 723 episodes occurring in 2012-2015, giving an estimated
prevalence of EPE-BSI of 0.59% in patients admitted to hospi-
tal with suspected infection where empirical coverage of Gram-
negative bacilli was chosen (Fig. 1). Patient characteristics are
shown in Table 1. Overall 7-day mortality was 5.1% for cases and
3.5% for controls.

3.1. Predictors for EPE-BSI

The 15 predictors selected for inclusion in the multivariate
logistic regression model are indicated with an asterisk in Table 1,
and the final model is shown in Table 2. The two strongest pre-
dictors were any prior EPE-positive culture and recent prostate
biopsy. Further significant predictors were prior healthcare abroad,
SOFA score >4, suspected UTI and age 40-69 years. Patients
with suspected lower respiratory tract infection (LRTI) and skin
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Table 1
Patient characteristics for cases with community-onset EPE-BSI and controls
Patient characteristics/predictors Controls (n=400)  EPE-BSI cases (n=277)  OR (95% CI)? P-value
n (%) n (%)

Hospital code*

1 200 (50) 153 (55) 1.0 (Ref.)

2 100 (25) 72 (26) 0.9 (0.7-14) 0.739

3 100 (25) 52 (19) 0.7 (0.5-1) 0.049
Year*

2012 100 (25) 53 (19) 1.0 (Ref.)

2013 100 (25) 66 (24) 1.3 (0.8-2) 0.330

2014 100 (25) 80 (29) 1.5 (1-2.4) 0.061

2015 100 (25) 78 (28) 1.5 (1-2.3) 0.081
Age category*

<40 43 (11) 9(3) 1.0 (Ref.)

40-49 26 (7) 20 (7) 3.6 (14-9.1) 0.007

50-59 37 (9) 41 (15) 51 (2.2-11.9) <0.001

60-69 74 (19) 88 (32) 5.9 (2.7-13) <0.001

70-79 107 (27) 59 (21) 2.7 (12-5.9) 0.014

>80 113 (28) 60 (22) 2.7 (12-5.9) 0.014
Female* 175 (44) 97 (35) 0.7 (0.5-0.9) 0.018
Charlson category

0-1 168 (42) 123 (44) 1.0 (Ref.)

2-3 148 (37) 94 (34) 0.9 (0.6-1.2) 0.354

4-5 37 (9) 23 (8) 0.8 (0.5-1.5) 0.497

>6 47 (12) 37 (13) 1 (0.6-1.6) 0.964
Haematological malignancy 27 (7) 21 (8) 1(0.6-1.9) 0.964
Urological cancer 38 (10) 27 (10) 1(0.6-1.7) 0.963
Other cancer 49 (12) 35 (13) 1 (0.6-1.6) 0.976
Any transplant 14 (4) 9(3) 0.8 (0.3-1.9) 0.612
Immunocompromised®:* 88 (22) 51 (18) 0.7 (0.5-1.1) 0.099
Diabetes mellitus * 90 (23) 80 (29) 1.5 (1-2.1) 0.042
Chronic kidney dysfunction 53 (13) 34 (12) 0.9 (0.6-1.4) 0.657
Obstructive urinary tract disease* 96 (24) 124 (45) 2.6 (1.9-3.7) <0.001
Prior endoscopy <30 days* 14 (4) 22 (8) 2.3 (11-4.6) 0.020
Prior surgery <30 days 33 (8) 21 (8) 0.9 (0.5-1.7) 0.844
Central venous line 34 (9) 31 (11) 1.3 (0.8-2.2) 0.368
Urinary catheterisation at admission * 65 (16) 79 (29) 2.1 (1.4-3) <0.001
Prostate biopsy <30 days* 2 (1) 38 (14) 39.2 (9.2-166.5) <0.001
Prior healthcare abroad <6 months® 6 (2) 18 (6) 44 (1.7-11.2) 0.002
Healthcare-associated®* 207 (52) 191 (69) 2.1 (1.5-3) <0.001
Any prior EPE-positive culture?-* 1 (3) 91 (33) 17 (8.8-32.6) <0.001
No prior EPE-positive culture 389 (97) 186 (67) 1.0 (Ref.)
EPE in prior clinical culture 10 (3) 81 (29) 16.6 (8.4-32.9) <0.001
EPE in faecal screening culture 1(0.3) 10 (4) 20.5 (2.6-162.2) 0.004
SOFA score*

0-1 154 (39) 79 (29) 1.0 (Ref.)

2-3 151 (38) 93 (34) 1.2 (0.8-1.8) 0.282

4-5 59 (15) 58 (21) 1.9 (1.2-3) 0.007

>6 36 (9) 47 (17) 2.6 (1.6-4.4) <0.001
Suspected diagnosis at admission*

Unknown 130 (33) 70 (25) 1.0 (Ref.)

Abdominal 35 (9) 17 (6) 0.9 (0.5-1.8) 0.801

LRTI 92 (23) 19 (7) 0.4 (0.2-0.7) 0.002

SSTI 21 (5) 2(1) 0.2 (0.0-0.7) 0.017

UTI 104 (26) 166 (60) 3.3 (2.2-4.9) <0.001

Other 18 (5) 3(1) 0.3 (0.1-1.1) 0.074
Prior antibiotic treatment <3 months®*

No prior antibiotic 213 (53) 113 (41) 1.0 (Ref.)

Microbiota impact agent ° 131 (33) 123 (44) 1.7 (1.2-2.4) 0.002

Other antibiotic agent 56 (14) 41 (15) 1.4 (0.9-2.2) 0.167

EPE, extended-spectrum S-lactamase-producing Enterobacterales; BSI, bloodstream infection; OR, odds ratio; CI, confi-
dence interval; SOFA, Sequential Organ Failure Assessment; LRTI, lower respiratory tract infection; SSTI, skin and soft-
tissue infection; UTI, urinary tract infection.

* Predictors marked with an asterisk were selected for further multivariate logistic regression.

3 Displayed ORs are adjusted for the matching variables hospital and year.

b Immunocompromised combines immunosuppressant use, neutropenia (at infection onset) and solid-organ transplan-
tation.

¢ Healthcare-associated infection was defined as any patient coming from a long-term care facility centre, any intra-
venous administration, prostate biopsy or wound care <30 days, haemodialysis and >48 h hospitalisation during the last
90 days [31].

d Cultures sampled <8 days before blood cultures are not included.

¢ Antibiotic treatment duration >24 h, except for aminoglycosides for which single doses were also included.

f Selected antibiotics with assumed impact on the microbiota but limited activity against EPE, including cephalosporins,
aminopenicillins, fluoroquinolones, trimethoprim and trimethoprim/sulfamethoxazole [22].
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Blood culture collected
at Emergency department
2012-2015, age = 18 years

n = 80,247 episodes

v

v

Potential cases
submitted to chart review
Growth of EPE

n=2328

Potential controls
submitted to chart review
Random selection
Matched for year and hospital

Excluded
n=51

1) Not given antibiotic agent with activity

against Gram-negative bacilli
2) Not admitted
3) Transferred from hospital care
4) Recurrent episodes

(n =22 episodes in 21 patients)

\ 4

n =687
Excluded
n=287

1) Not given antibiotic agent with activity

against Gram-negative bacilli
2) Not admitted
3) Transferred from hospital care

h 4

Included cases:
n=277

Included controls:
n =400

Study population:
Patients admitted to hospital with suspected
community-onset Gram-negative bacterial infection

Estimated study population size:
Estimated prevalence of EPE BSI:

= 46,723 episodes
=0.59 %

Fig. 1. Flowchart of study. EPE, extended-spectrum S-lactamase-producing Enterobacterales; BSI, bloodstream infection.

Table 2
Multivariate analysis of risk factors for community-onset EPE-BSI®

Risk factor OR (95% CI) P-value
Any prior EPE-positive culture " 19.1 (9.2-39.8) <0.001
Prostate biopsy <30 days 22.2 (5.0-97.3) <0.001
Prior healthcare abroad <6 months 3.9 (1.3-11.6) 0.016
Age category

<40 years 1.0 (Ref.)

40-49 years 3.0 (1.0-9.0) 0.047

50-59 years 2.8 (1.0-7.6) 0.045

60-69 years 3.3 (1.3-84) 0.011

70-79 years 1.6 (0.6-4.1) 0.317

>80 years 1.6 (0.6-4.0) 0.352
Suspected diagnosis at admission

Unknown 1.0 (Ref.)

Abdominal 1.0 (0.5-2.1) 0.998

LRTI 0.4 (0.2-0.7) 0.005

SSTI 0.1 (0.0-0.7) 0.015

UTI 2.6 (1.6-4.3) <0.001

Other 0.5 (0.1-2.2) 0.350
SOFA score

0-1 1.0 (Ref.)

2-3 1.5 (0.9-2.6) 0.086

4-5 2.1 (1.2-3.8) 0.014

>6 4.0 (2.0-7.9) <0.001

EPE, extended-spectrum S-lactamase-producing Enterobacterales; BSI, bloodstream
infection; OR, odds ratio; CI, confidence interval; LRTI, lower respiratory tract infec-
tion; SSTI, skin and soft-tissue infection; UTI, urinary tract infection; SOFA, Sequen-
tial Organ Failure Assessment.

3 Risk factors kept in the final model are shown. The matching variables hospital
and year of admittance were also included in the model (data not shown).

b Cultures sampled <8 days before blood cultures are not included.

and soft-tissue infection (SSTI) had a lower risk for EPE-BSI than
patients with other suspected sources of infection.

The source of culture and the time passed from the latest
prior EPE-positive culture is shown in Fig. 2. Among the cases,
17.7% had a prior EPE-positive culture sampled between 8 days
and 3 months earlier, in most cases urinary samples. This was the
strongest predictor, with an OR of 32.8 (Table 3). The elevated risk
for EPE-BSI with prior EPE-positive culture remained significant
when >3 months had passed since sampling. The OR for having
any EPE-positive clinical sample did not differ from having only
EPE-positive faecal screening (Table 1).

3.2. Comparison of the Utrecht and Stockholm scores

Three strong and easily available predictors (prior EPE-positive
culture, prior healthcare abroad and prior prostate biopsy) were
combined to a simplified score referred to as the Stockholm score
(Supplementary Table S2). The presence of any one of these fac-
tors implies an increased risk for EPE-BSI and patients should be
considered for empirical treatment with EPE-active agents. The di-
agnostic specificity was higher for the Stockholm score (96%) than
the Utrecht score (77%), with limited loss of sensitivity (50% and
54%, respectively) (Table 4; Supplementary Table S4).

A receiver operating characteristic (ROC) analysis of the Utrecht
score examined the influence of the cut-off on diagnostic perfor-
mance in the present data set. To reach a specificity comparable
with the Stockholm score (96%), a cut-off at >164 points is needed,
which resulted in a sensitivity of 29% for the Utrecht score in the
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12-24 months >24 months

Fig. 2. Sample source of latest prior EPE-positive culture and time passed to current episode, showing percentage of EPE-BSI cases and controls. If the patient had a clinical
sample, this sample was noted. If EPE was detected both in blood/urine/other at the latest prior time, it is noted as only blood. If the patient had no clinical sample, the
latest prior faecal screening sample was noted. EPE, extended-spectrum S-lactamase-producing Enterobacterales; BSI, bloodstream infection.

Table 3

Time passed from latest prior extended-spectrum fS-lactamase-producing Enterobacteriaceae (EPE)-positive culture to current episode
Time passed since latest prior EPE-positive culture ~ Controls (n=400)  EPE-BSI cases (n=277)  aOR (95% CI) ¢ P-value

n (%) n (%)

No prior culture 389 (97.3) 186 (67.1) 1.0 (Ref.)
>24 months 2 (0.5) 8(2.9) 8.4 (1.7-40.3) 0.008
12-24 months 2 (0.5) 9(3.2) 9.7 (2.1-45.5) 0.004
6-12 months 2 (0.5) 6(2.2) 6.1 (1.2-30.5) 0.029
3-6 months 2 (0.5) 19 (6.9) 19.9 (4.6-86.7) <0.001
8 days-3 months 3(0.8) 49 (17.7) 32.8 (10.1-106.8) <0.001

aO0R, adjusted odds ratio; CI, confidence interval.

2 aOR for each time period compared with having no prior culture with EPE. aORs are adjusted for matching variables.

current epidemiological setting. A cut-off at >126 points resulted
in a sensitivity of 50% (comparable with the Stockholm score) and
a specificity of 81%.

For the Stockholm score, ROC analysis was performed to assess
the influence of the presence of more than one risk factor. How-
ever, simultaneous presence of two risk factors was uncommon,
with a sensitivity of only 2.9%, but the specificity reached 99.8%.
No included patients had all three risk factors.

Performance of the Stockholm score was highest in the sub-
group of patients with suspected UTI, with an estimated PPV of
12.2% and NPV of 99.4%. EPE-BSI was uncommon in patients with
LRTI and SSTI, and in these subgroups the PPV of the Stockholm
score was as low as 1.7 for LRTI and 0.8 for SSTI.

3.3. Empirical treatment and benefit of application of scores

Fig. 3a,b shows the time to appropriate therapy for the cases,
and Fig. 3¢,d shows the time to first empirical therapy for controls
(appropriateness was not assessed).

The impact of a hypothetical strict application of two regimens
(meropenem 1 g every 8 h and PTZ 4 g every 6 h) was evalu-
ated for score-positive patients. All score-positive patients would
be given the agent in question, regardless of other factors influ-
encing treatment choice. The number of patients who would have

received appropriate treatment >24 h earlier had the score been
applied at admission as well as the number of additional con-
trols who would have been treated with the agent were assessed
(Table 5).

In reality, meropenem was given to 25% of cases and 8% of
controls as empirical treatment. If all patients with a positive
Stockholm score (139 cases) had been given meropenem, the time
to appropriate therapy would have decreased >24 h for 14% (40
cases), whilst an additional 3% of controls would have been given
meropenem. This corresponds to 1518 patients in the estimated
population of 46 723 patients with suspected Gram-negative infec-
tion. For the Utrecht score, meropenem would have had improved
treatment for 19% of cases (53 cases) and would have resulted in
giving meropenem to an additional 21% of controls (9578 patients).

PTZ was given to 20% of cases and 26% of controls. If PTZ 4
g every 6 h had been used as empirical treatment for all score-
positive patients, the number of additional controls treated would
have been the same as for meropenem, but fewer cases (11% for
Stockholm and 13% for Utrecht) would have had >24 h improved
treatment. However, for the cases who had an EPE-BSI that was
caused by isolates resistant to PTZ but susceptible for the treat-
ment they actually received (in most cases meropenem), applica-
tion of this regimen would have been harmful. This was the case
in 3% for the Stockholm score and 4% for the Utrecht score.
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Fig. 3. Hypothetical impact of Stockholm and Utrecht scores on empirical therapy. The figures display which empirical therapy was given within 24 h. If several agents were
given, the patient was classified as belonging to the agent/group with the least resistance among the EPE isolates in the cases (Supplementary Table S3). Black filled circles
are patients with a negative score. (a,c) Red open diamonds indicate patients with a positive Stockholm score; (b,d) blue open circles indicate patients with a positive Utrecht
score (>120 points). (a,b) Time from blood culture to appropriate therapy for cases with EPE-BSI (n=277). Cases who never received appropriate therapy are shown above the
horizontal line. (c,d) Time from blood culture to first empirical therapy (appropriateness not assessed) for controls (n=400). EPE, extended-spectrum S-lactamase-producing
Enterobacterales; BSI, bloodstream infection; PTZ, piperacillin/tazobactam; AMG, aminoglycoside; FLQ, fluoroquinolone; SXT, trimethoprim/sulfamethoxazole.

3.4. Predictors for EPE-BSI in the subset of patients missed with the
Stockholm score

A separate multivariate analysis was performed on the subset
of patients without the three major predictors (prior EPE-positive
culture, prior prostate biopsy or prior healthcare abroad) with the
aim of finding a potential identification algorithm for patients who
would be missed with the Stockholm score. The predictors kept
in the final model in this subset included suspected UTI (OR=3.5,
95% CI 2.3-5.5), any prior endoscopy (OR=2.6, 95% CI 1.1-6.2),
age category 60-69 years (OR=2.9, 95% CI 1.1-7.9), SOFA score
>6 (OR=3.8, 95% CI 1.8-7.9) and prior treatment with a micro-
biota impact agent (OR=1.9, 95% CI 1.2-3.0) (Supplementary Table
S5). However, these predictors would be of little use in a score

since ORs are relatively low and the risk factors were common
in both groups. Of the EPE-BSI cases, 20% had none of the three
major predictors and had not been hospitalised in the previous
year.

4. Discussion

This study examined risk factors for community-onset EPE-
BSI among patients presenting with suspected infection with
Gram-negative bacilli in Stockholm in 2012-2015. The diagnostic
performance and impact on empirical therapy of the implemen-
tation of two prediction scores was retrospectively assessed,
namely the Utrecht score [14] and our proposed Stockholm score
consisting of the three strongest predictors in the multivariate
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Fig. 3. Continued

analysis, i.e. history of any one of prior EPE-positive culture,
healthcare abroad within 6 months or prostate biopsy within
1 month.

4.1. Predictors for EPE-BSI and the significance of recent EPE-positive
culture

The strongest risk factor for EPE-BSI in this study was a prior
culture positive for EPE. The significance of this risk factor in differ-
ent settings is highly dependent on the epidemiological situation
and sampling routines. Among E. coli from blood cultures sampled
in 2012-2015 in all wards in the included Stockholm hospitals, the
proportion of ESBL was 7-9%. It has been estimated that ca. 5%
of the population in Sweden were colonised by EPE in 2012-2013
[32]. In 5% of prior EPE-positive patients the only sample source
was a faecal screening sample, but there was no significant differ-
ence in risk between sample types (Fig. 2; Table 1).

Time from the latest prior EPE-positive culture was found to be
important (Fig. 2; Table 3). A prior EPE-positive culture within the

last 3 months before presenting at the ED with a suspected Gram-
negative infection had an OR of 32.8 compared with no prior EPE
culture. This means that a recent EPE culture must always be con-
sidered when choosing empirical therapy, but also that EPE cul-
tures more distant in time should not be disregarded since the as-
sociation remains significant. In another Swedish study, the only
significant risk factor detected for EPE-BSI was a prior EPE-positive
culture [18].

A high rate of EPE infections following prostate biopsy has been
reported from several countries, including Sweden and the Nether-
lands [9,33]. Aly et al. showed a rapid increase in the propor-
tion of EPE in Stockholm causing BSI after prostate biopsy be-
tween the years 2003-2010, when <1% of the E. coli produced
an ESBL, and 2011-2012, when the proportion had increased to
20% [33]. Ciprofloxacin prophylaxis for the procedure has been
suggested as the main reason for this increase in multiresistant
bacteria, especially EPE. A possible explanation for this could be
that ciprofloxacin prophylaxis exerts a selection pressure for the E.
coli ST131 subclone H30-Rx (C2), which is strongly associated with
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Table 4
Performance of the two scoring systems, the Utrecht score and the Stockholm score
Sensitivity (%)  Specificity (¥)  PPV®  NPV?
All patients
Stockholm score 50 96 6.2 99.7
Utrecht score >120 54 77 14 99.6
Subgroups®
Suspected UTI
Stockholm score 58 94 12.2 99.4
Utrecht score >120 72 31 14 98.7
Suspected UTI or abdominal or unknown
Stockholm score 51 95 79 99.6
Utrecht score >120 57 66 13 99.5
Sepsis (SOFA score >2)
Stockholm score 51 96 7.3 99.6
Utrecht score >120 57 77 1.7 99.6

PPV, positive predictive value; NPV, negative predictive value; UTI, urinary tract infection; SOFA, Se-

quential Organ Failure Assessment.

3 PPV and NPV are calculated on an estimated prevalence of 0.59% among all patients fulfilling in-
clusion criteria for the study population, i.e. blood culture taken at emergency department, admitted
to hospital and treatment started <24 h with agent with activity against Gram-negative bacilli. The
estimated size of the study population is 46 723.

b Population and prevalence in the subset of patients have been calculated on the distribution of
suspected sources in the control group. For details on calculations and corresponding data on other

suspected sources, see Supplementary Table S4.

Table 5

Impact of application of score on appropriateness of empirical treatment compared with empirical therapy given (cases, n=277; controls, n=400)

Cases (score-positive)

Controls

Regimen given to all score-positive patients Score positive

Regimen appropriate?

Regimen improves Score-positive controls,

treatment® treatment is changed®
n (%) n (%) n (%) n (%)

Meropenem 1 g q8h

Stockholm score 139 (50) 139 (50) 40 (14) 13 (3)

Utrecht score >120 149 (54) 148 (53) 53 (19 82 (21)
Piperacillin/tazobactam 4 g q6h

Stockholm score 139 (50) 120 (43) 30 (11) 13 (3)

Utrecht score >120 149 (54) 121 (44) 37 (13 78 (20)

q8h, every 8 h; q6h, every 6 h; EPE, extended-spectrum S-lactamase-producing Enterobacterales; BSI, bloodstream infection.
Hypothetical scenario where all patients with a positive score are given the same empirical treatment. Regimen 1, meropenem (MEM); regimen 2, piperacillin/tazobactam
(PTZ). MEM 1 g q8h daily is considered appropriate for MER-susceptible isolates. PTZ 4 g q6h daily is considered appropriate both for PTZ-susceptible and PTZ-intermediate

isolates.

@ Use of score results in appropriate treatment. Cases with a positive score. EPE-BSI is caused by an isolate considered treatable with the agent in question.
b Regimen improves treatment. Cases with a positive score. EPE-BSI caused by an isolate treatable by the regimen in question but who actually did not receive appro-

priate treatment <24 h.

¢ Controls for whom the use of a score would result in changed treatment. Controls with a positive score who would receive the regimen but who actually did not

receive the agent in question as empirical therapy.

fluoroquinolone resistance and the CTX-M-15 and CTX-M-9 ESBL
types, which are common in Sweden [32,34].

Other significant risk factors were suspected UTI and severity
of disease, which have been described in other studies [14,35,36].
The risk associated with age was not linear; rather, the 60-69
years age group had the highest risk compared with the <40
years age group. However, these predictors were too common
in the control group for them to be included in a risk score.
Inclusion of age would substantially decrease the specificity and
thus cause overtreatment. Several other previously suggested risk
factors were not significant in the multivariate analysis, such as
immunosuppression, healthcare-associated infection and urinary
catheterisation. This might be caused by the influence of local
prevalence or hospital outbreaks. We also failed to show a sig-
nificant influence of prior antibiotic treatment in our material
even though this was analysed in detail. Only when studying the
subgroup of patients without the three major predictors was prior
use of antibiotics with an impact on the microbiota but with
limited activity against EPE statistically significant.

4.2. Performance of risk scores and impact on empirical therapy

When applying the Utrecht score to the study population, lower
specificity was obtained than by Rottier et al. [14] (77% vs. 87%) but
similar sensitivity (54% in both). They suggested adapting the cut-
off to other factors, such as severity of illness, thus increasing the
sensitivity when necessary, which further complicates using that
score. Adaptation of the cut-off did not result in a better perfor-
mance of the Utrecht score than the Stockholm score.

We made minor adaptations to the Utrecht score. The Stock-
holm score predicts the risk for EPE-BSI, whilst the Utrecht score
was developed for all 3GC-resistant Enterobacterales BSIs, regard-
less of the mechanism of resistance. For use of prior antibiotic
treatment, antibiotic use within 3 months instead of 2 months was
recorded. However, we believe that these adaptations have a lim-
ited impact on the performance of the scores. The Utrecht score
cut-off at >120 means that any patient above the age of 45 years
presenting with a UTI and treated with any antibiotic within the
previous 2 months should be given a broad-spectrum antibiotic. In
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the current study setting, this would generate excessive overuse. In
patients with suspected UTI, the PPV of the Utrecht score was only
1.4% compared with 12.2% for the Stockholm score (Table 4).

The main finding of this study is recognising the importance of
prior cultures, especially recent cultures <6 months, when choos-
ing empirical therapy. Yet in this study, one-third of patients with
prior EPE-BSI did not receive appropriate therapy within 12 h.

Two of the main components of the Stockholm score (prior EPE-
positive culture and healthcare abroad within 6 months) are well-
known risk factors for EPE, which many clinicians already take into
consideration when choosing empirical therapy. Nevertheless, with
application of the Stockholm score we noted that empirical ther-
apy could be further improved regarding EPE-BSI without causing
considerable overuse. The score is especially useful in patients with
UTI, whilst the PPV is low in patients with SSTI and LRTI.

Prediction of EPE-BSI in patients without the presence of the
major predictors is difficult. The severity and source of infection
as well as prior antibiotic treatment influenced the risk, but the
latter two were not useful tools for guiding empirical therapy as
they were common in both groups.

A limitation of this study is its retrospective nature, which can
cause information bias. Moreover, blinding of the chart review
was not feasible. Data on healthcare abroad and prior antibiotic
treatment might be incomplete. Selection of the control group in-
evitably includes some patients with community-acquired pneu-
monia and SSTIs in which the suspicion of Enterobacterales BSI is
low. Whilst this might dilute the effects, the distinction between
pneumonia and UTI is sometimes ambiguous and the benefit of
potential application of the risk score at admission outweighs the
described disadvantages. The Utrecht score was designed for pre-
diction of BSI caused by 3GC-resistant Enterobacterales, whilst we
have evaluated it for prediction of EPE-BSI.

An important limitation of this study is that although several
medical centres were included, they were all situated in one geo-
graphical area, namely Stockholm. The results reflect the epidemi-
ological situation in Stockholm, and the Stockholm score should
not be implemented in a different setting without prospective lo-
cal validation. Nevertheless, this observation is also one important
finding of this study, i.e. implementation of the Utrecht score in
Stockholm would result in an unacceptable rate of increased car-
bapenem use. Likewise, implementation of the Stockholm score
would result in increased carbapenem use, but to a considerably
lesser extent. Prospective validation is recommended to evaluate
the performance of the score in clinical practice in Sweden and in
countries with a similar epidemiological situation.

Designing a clinically useful score for prediction of EPE-BSI is
difficult and is highly dependent on local epidemiology.

5. Conclusion

A prior EPE-positive culture should always be considered when
choosing empirical antibiotic in patients presenting with suspected
severe infection with Gram-negative bacilli. Recent prostate biopsy
and prior healthcare abroad were also found to be important risk
factors in the present study.

We believe that use of the Stockholm score, especially in pa-
tients with severe disease, could improve the appropriateness of
empirical treatment without a substantial increase in unnecessary
treatment in Sweden and possibly in countries with a similar epi-
demiological situation. However, this score should not be uncriti-
cally adapted in a different setting without validation. Prospective
validation is called for, as the influence of predictors change, with
epidemiology, over time.

Awareness of the limitations in sensitivity is very important.
This also emphasises the importance of diagnostics, proper sam-
pling and culture, rapid detection and antimicrobial susceptibility

testing. The routine of giving broad-spectrum therapy to patients
with severe sepsis is pertinent, especially since severity of disease
was also associated with a higher risk of EPE-BSI.
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