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Abstract

Background Clinical data characterizing invasive Escherichia coli disease (IED) are limited. We assessed the clinical pres-
entation of IED and antimicrobial resistance (AMR) patterns of causative E. coli isolates in older adults.

Methods EXPECT-2 (NCT04117113) was a prospective, observational, multinational, hospital-based study conducted in
patients with IED aged > 60 years. IED was determined by the microbiological confirmation of E. coli from blood; or by the
microbiological confirmation of E. coli from urine or an otherwise sterile body site in the presence of requisite criteria of
systemic inflammatory response syndrome (SIRS), Sequential Organ Failure Assessment (SOFA), or quick SOFA (qSOFA).
The primary outcomes were the clinical presentation of IED and AMR rates of E. coli isolates to clinically relevant antibiot-
ics. Complications and in-hospital mortality were assessed through 28 days following IED diagnosis.

Results Of 240 enrolled patients, 80.4% had bacteremic and 19.6% had non-bacteremic IED. One-half of infections (50.4%)
were community-acquired. The most common source of infection was the urinary tract (62.9%). Of 240 patients, 65.8%
fulfilled > 2 SIRS criteria, and 60.4% had a total SOFA score of > 2. Investigator-diagnosed sepsis and septic shock were
reported in 72.1% and 10.0% of patients, respectively. The most common complication was kidney dysfunction (12.9%).
The overall in-hospital mortality was 4.6%. Of 299 E. coli isolates tested, the resistance rates were: 30.4% for trimethoprim-
sulfamethoxazole, 24.1% for ciprofloxacin, 22.1% for levofloxacin, 16.4% for ceftriaxone, 5.7% for cefepime, and 4.3% for
ceftazidime.

Conclusions The clinical profile of identified IED cases was characterized by high rates of sepsis. IED was associated with
high rates of AMR to clinically relevant antibiotics. The identification of IED can be optimized by using a combination of
clinical criteria (SIRS, SOFA, or qSOFA) and culture results.

Keywords Invasive E. coli disease - Sepsis - Bacteremia - Bloodstream infection - Extraintestinal pathogenic E. coli -
Antimicrobial resistance - Elderly
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Introduction

Escherichia coli is a ubiquitous gram-negative species that
has a wide range of genetic lineages, which can sometimes
allow it to cause pathogenic disease [1]. Extraintestinal path-
ogenic E. coli (ExPEC) is the most common gram-negative
bacterial pathogen in humans that can move out the gastro-
intestinal (GI) tract and infect otherwise sterile parts of the
body leading to invasive E. coli disease (IED) [2, 3]. IED is
defined as an acute illness consistent with systemic bacte-
rial infection, which is microbiologically confirmed either
by the isolation and identification of E. coli from blood or
other sterile body sites, or by the isolation and identification
of E. coli from urine in patients with urosepsis [3]. E. coli
is the most frequently identified pathogen in the etiology
of bloodstream infections (BSI) and urinary tract infections
(UTI) globally [4], and is the most common pathogen caus-
ing sepsis in the United States [5]. Epidemiological studies
conducted over the past 2 decades reveal marked temporal
increases in the number of E. coli BSI, including an increase
of 71% in Europe [6], and the regional temporal increases in
many developed countries [7-12].

These observations can be attributed to the population
aging, the rising prevalence of antibiotic-resistant E. coli
isolates, and the shifting epidemiology toward community-
onset infections [10-12]. Disproportionately higher inci-
dence rates of E. coli bacteremia per 100,000 person-years
were reported in older adults aged 60-69 years (110 epi-
sodes) and > 80 years (319 episodes) relative to the popula-
tion average (48 episodes) by a systematic review cover-
ing multinational populations [13]. The treatment of older
patients with IED might be complicated by the rapidly
spreading drug-resistant E. coli strains such as sequence
type 131 [14]. E. coli can be resistant to clinically relevant
antimicrobial agents including fluoroquinolones, extended-
spectrum cephalosporins, and trimethoprim-sulfamethoxa-
zole [1, 4, 15], with E. coli-resistant infections being asso-
ciated with a significantly higher mortality compared with
that of susceptible infections [16]. Accordingly, a systematic
analysis revealed that E. coli was among the leading patho-
gens contributing to the global mortality burden associated
with antimicrobial resistance (AMR) in 2019 [17].

Diagnosing IED poses a challenge due to the diversity
of its clinical features. A case definition of IED based on
culture results and clinical criteria has been proposed to
improve consistency in capturing a broad spectrum of dis-
ease states associated with IED and to help quantify the
attributable disease burden [2, 3]. This improvement in
consistently identifying IED is important to ensure vaccine
candidates are effective against the most problematic iso-
lates and to also address the key unmet needs for patients
with IED.
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In this study (EXPECT-2; NCT04117113), we used this
composite case definition to identify IED among a prospec-
tively enrolled multinational cohort of hospitalized adults
aged > 60 years. The primary objectives were to character-
ize the clinical presentation of IED and the AMR patterns
of causative E. coli isolates in this population. In addition,
we evaluated the proportion of patients with a history of a
medical condition considered to carry an increased risk of
IED and the AMR patterns among patients stratified by the
presence of sepsis and mortality. Our findings informed the
implementation of a phase 3 trial testing the efficacy of a
novel vaccine candidate (ExPEC9V) for the prevention of
IED in older adults with a history of UTI in the previous 2
years (NCT04899336) [18].

Methods
Study design and setting

This was a prospective, multicenter, hospital-based, obser-
vational study conducted at 8 sites in 7 countries (United
States, Canada, France, Germany, Italy, Spain, and Japan [2
sites]). The study was initiated on October 22, 2019 (the date
when the first site started data collection) and was completed
on January 28, 2021 (the date of the last data collection
time point for the last included patient) and included the
period overlapping with the occurrence of the coronavi-
rus disease-2019 (COVID-19) pandemic. Prospective data
collection included demographics and clinical data includ-
ing microbiological data. Clinical data were collected on
day 1 of IED diagnosis (the day of appearance of first IED
signs/symptoms) and at follow-up (discharge or day 28 after
diagnosis in patients who remained hospitalized, whichever
occurred first). Data on outcome of IED were collected at
follow-up. This study is reported according to the Strength-
ening the Reporting of Observational Studies in Epidemi-
ology (STROBE) guidelines for cohort studies (Additional
file 1: STROBE Checklist).

Population

Patients meeting the following criteria were eligible to par-
ticipate: (1) aged > 60 years, (2) hospitalized, (3) had a cul-
ture confirmation of E. coli from a normally sterile body
site (including blood), and/or from urine in the presence
of systemic inflammatory response syndrome (SIRS), sep-
sis, or septic shock consequent to the infection (see section
IED Definitions); and (4) a signed participation agreement
form (or an informed consent form, informed assent form,
or a non-opposition form in France). Informed consent form
was waived by the Ethics Committee/Institutional Review
Board for eligible patients in Canada and United States. For
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deceased patients, participation agreement was signed by
the patient’s next of kin. The study had no exclusion criteria.

Patient screening was performed by prospectively moni-
toring microbiological data in the laboratories of partici-
pating hospitals. Patients with an E. coli—positive culture
were evaluated for the presence of IED (see Clinical Case
Identification of IED). A list of International Classification
of Diseases codes that could be used to identify suspected
IED cases was supplied to the study sites (Additional file 2:
Table S1). If a patient was hospitalized more than once dur-
ing the data collection period, only the initial occurrence of
IED was captured. Data collection was completed after all
available data were recorded in the case report form. Only
data available under normal clinical practice and stored sam-
ples were collected; no additional data were requested from
individual patients. A patient was considered withdrawn
from data collection following their withdrawal of consent.

Outcomes

The following outcomes were evaluated as numbers and pro-
portions of: (1) patients with bacteremic and non-bacteremic
IED; (2) IED patients with a history of selected medical
conditions potentially associated with an increased risk of
IED (Additional file 3: Table S2); (3) IED patients strati-
fied by the infection acquisition setting and by the source of
infection; (4) clinical features of IED: patients fulfilling the
minimum requirements of SIRS, Sequential Organ Failure
Assessment (SOFA), and quick SOFA (qSOFA); investiga-
tor-diagnosed sepsis and septic shock; signs and symptoms
of UTI; IED complications; (5) outcome of IED at follow-
up; (6) treatment of IED; (7) AMR of causative E. coli iso-
lates to antibiotics clinically relevant for the treatment of
IED [15]: extended-spectrum cephalosporins (cefepime,
ceftazidime, ceftriaxone), fluoroquinolones (ciprofloxacin,
levofloxacin), and trimethoprim-sulfamethoxazole. These
outcomes were explored in the analysis of patients stratified
by bacteremic versus non-bacteremic IED and by the infec-
tion acquisition setting, where relevant.

Data sources and outcome measurement

Data sources were the hospital records of each patient from
the study site including any clinical and microbiology data.
Additional data sources included laboratory results of the
antibiotic susceptibility testing.

Clinical case identification of IED

A patient was labeled as having IED if the following criteria
were met: E. coli in blood or in any other sterile body site
(e.g. cerebrospinal fluid, pleura) or E. coli in urine (colony-
forming units [CFU]/mL > 103) with no other identifiable

site of infection than the urinary tract in the presence of
clinical criteria, i.e. a gSOFA score of > 2, or a total SOFA
score of >?2 points, or fever > 38 °C (100.4 °F), or hypother-
mia <36 °C (96.8 °F), or > 2 of the clinical criteria listed in
Additional file 4: Table S3.

|IED definitions

An IED was considered bacteremic if E. coli was culture-
confirmed in the blood. Otherwise, the IED was considered
non-bacteremic. Non-bacteremic IED was determined by the
isolation and identification of E. coli from urine or an other-
wise sterile body site in the absence of a positive blood cul-
ture and in the presence of requisite clinical criteria (SIRS,
SOFA, or gSOFA). When multiple E. coli—positive samples
were available (i.e. positive blood sample and another posi-
tive urine or sterile-site sample), the patient was classified
as bacteremic IED. The IED was characterized according to
the infection acquisition setting as a community-acquired,
hospital-acquired, or healthcare-associated infection (Addi-
tional file 5: Table S4) and by the source of infection, which
was defined by the presence of an infectious focus within
30 days before IED as determined by investigator.

Sepsis and septic shock

Sepsis and septic shock were diagnosed by investigator;
additionally, diagnoses of sepsis were assessed program-
matically in accordance with Sepsis-3 guidelines [19].

Complications

Complications were classified as follows: any infectious
complication, kidney dysfunction, hypotension, heart dys-
function, lung dysfunction, disseminated intravascular
coagulation, brain dysfunction, hypoperfusion, pneumonia,
hepatic dysfunction, and other.

Isolate collection

All clinical samples were obtained according to routine
local procedures and were considered study samples once
the patient signed the informed consent form. Sample pro-
cessing was conducted in accordance with the local standard
procedures. Isolates were collected following inclusion of a
patient and the confirmation of E. coli in culture and were
stored and prepared for shipment to the central laboratory
through microbanks (provided by the central laboratory to
the local laboratories) in line with the study procedures.
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Sample processing

Upon receipt of samples in the local laboratory, the culture
test, the identification test, the susceptibility test, and the
temporary isolates preservation were performed. Culture
testing was performed according to the standard procedures
of the local laboratory. The results were reported to the
clinician via the regular path of communication at the site
and used to inform clinical decision-making without delay.
Identification of isolated pathogens and antimicrobial sus-
ceptibility testing (AST) were performed according to local
routine laboratory procedures. A qualified member of the
clinical team was responsible for entering microbiology data
(including AST profile) into the electronic case report form.
Urine quantitative culture result units, in terms of E. coli,
were specified as CFU/mL.

Shipment of isolates and the central laboratory procedures

For confirmation of resistance after local testing, the study
isolates were stored at — 80 °C and shipped to the central
laboratory (University of Antwerp, Belgium) according to
instructions provided by the sponsor under frozen condi-
tions using dry ice. The shipments of study isolates were
organized by the central laboratory and were performed with
dry ice. Isolates remained stored at — 80 °C until further
instruction was received from the central laboratory. Locally
collected E. coli isolates were received and re-identified by
the central laboratory after subculturing. If E. coli species
identity could not be confirmed, isolates were removed from
the study unless a back-up isolate with a positive E. coli
identification result was provided by the site.

Antimicrobial susceptibility testing

AST was performed by the central laboratory according to
the broth microdilution assay in accordance with Clinical
and Laboratory Standards Institute (CLSI) guidelines, with
interpretations regarding susceptibility or resistance based
on CLSI-established breakpoints (30th Edition, 2020) [20].
Colistin minimal inhibitory concentration was interpreted
according to the established breakpoints of European Com-
mittee on Antimicrobial Susceptibility Testing (EUCAST;
version 11, 2021) [21]. Data obtained from AST were
uploaded from the central laboratory into the sponsor’s
database.

Data quality assurance
Steps taken to ensure the accuracy and reliability of data
included selecting qualified study site staff and appropriate

study sites, reviewing data collection procedures, remote
medical monitoring, periodic centralized monitoring visits
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by the sponsor, and ongoing remote monitoring by the local
clinical research associate. Detailed operational procedures
regarding the preparation, handling, culture, and storage
of clinical and microbial specimens were requested before
study sites were selected.

Statistical analyses

The study was descriptive and not powered to perform for-
mal hypothesis testing. The study was designed to collect
data from 240 patients in 8 countries for approximately
12 months (30 patients per country) and to analyze approxi-
mately 320 isolates from 240 patients. The COVID-19 pan-
demic limited the availability of local research resources.
No patients were recruited in the UK site due to long con-
tracting processes. Demographics and clinical characteristics
were described using tabulations (numbers, proportions, and
95% confidence intervals [CIs]) for categorical variables and
descriptive statistics (number of observations, mean, 95% CI
[if applicable], standard deviation [SD], median, interquar-
tile range, and range) for continuous variables. No imputa-
tions were performed to manage missing data.

Results
Population

The primary set for all outcome analyses included patients
meeting the eligibility criteria (full analysis set [FAS]).
From 22 October 2019 through 28 January 2021, 251
patients were screened, and 240 patients participated in the
study (FAS) (Fig. 1). This study period overlapped with the
COVID-19 pandemic, during which enrollment was paused
and restarted in 3 of 8 participating study sites (in Italy,
the USA, and France), and delayed in another (in the UK).
This delay eventually prevented recruitment at this site, as
by October 2020 its clinical team no longer had the capacity
to identify potential participants. The study was completed
despite the disruption, and its primary and secondary objec-
tives were achieved. Overall, the impact of the COVID-19
pandemic was considered limited.

Median age (range) was 75.0 years (60-97); 50.8% of
patients were female (Table 1). A higher number of patients
were recruited in Spain and France to compensate for the
lack of recruitment in the UK. A country-level distribution
of IED episodes and positive E. coli isolates is shown in
Additional file 6: Table S5.

Characterization of IED

Of 240 IED episodes, 80.4% were bacteremic and 19.6%
were non-bacteremic. Baseline characteristics were
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Fig.1 Study flow diagram.
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available in 238 patients: one
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sequencing
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balanced between bacteremic and non-bacteremic IED
(Table 1). The most commonly reported medical history
conditions were cardiovascular disease (64.2%]), UTI
(37.5%), diabetes mellitus (33.8%), malignancy (33.8%),
GI disease (16.3%) and urinary catheterization (15.4%)
(Table 1 and Additional file 7: Table S6).

Half of the infections (50.4%) were community-
acquired; 29.6% of infections were healthcare-associated,
and 20.0% were hospital-acquired. The proportions of
IED cases originating from community setting (49.2% vs.
55.3%), healthcare-associated setting (30.6% vs. 25.5%),
and hospital setting (20.2% vs. 19.1%) were similar
between bacteremic and non-bacteremic IED. Cardiovas-
cular disease was more prevalent comorbidity among IED
patients with community-acquired (75.9%) and healthcare-
associated infections (76.8%) than with hospital-acquired
infections (44.2%). A similar trend was observed for dia-
betes mellitus with the prevalence of 40.7% and 44.9%
among community-acquired and healthcare-associated
infections, respectively, versus 14.0% among hospital-
acquired infections (Additional file 8: Table S7). In this
latter group, the highest rate of preexisting malignancy
was observed (55.8%). Within 3 months before IED onset,
the use of immunosuppressors was approximately twice as
frequent with hospital-acquired (54.5%) and healthcare-
associated infections (68.2%) compared with community-
acquired infections (27.8%), whereas the use of antibiot-
ics was similar across infection acquisition settings and
ranged between 70.5% and 86.1%.

The most common source of infection was the urinary
tract (62.9%), followed by intraabdominal infection (20.4%),
other (14.2%), and respiratory tract (2.5%). The urinary tract
was a more common source of infection with non-bactere-
mic IED (93.6% [44/47]) than with bacteremic IED (55.4%
[107/193]), whereas the intraabdominal infection was a more

common source of infection with bacteremic IED (24.9%
[48/193]) than with non-bacteremic IED (2.1% [1/47]).

Clinical presentation of IED

Of 240 patients with IED (Table 2), 65.8% fulfilled > 2 cri-
teria of SIRS, 60.4% had a total SOFA score of > 2 points,
and 9.6% had a qSOFA score of > 2. Furthermore, 9.2% of
patients fulfilled none of the SIRS criteria. Investigator-diag-
nosed sepsis and septic shock were reported in 72.1% and
10.0% of patients, respectively. Over four-fifths (195/240;
81.3%) had one or more laboratory values indicating bacte-
rial infection and/or sepsis, including changed white blood
cell or platelet counts, prothrombin time, activated partial
thromboplastin time, bilirubin and/or creatinine. Indeed,
over half (129/240; 53.8%) of patients had leukocytosis,
leukopenia or bandemia. One or more signs/symptoms of
UTI were reported in 50.4% of patients. When considering
patients with a urinary source of infection (151/240), the
signs/symptoms of UTI were more common in patients with
non-bacteremic IED (75.0% [33/44]) than in patients with
bacteremic IED (59.8% [64/107]). Likewise, patients with
community-acquired IED experienced one or more signs/
symptoms of UTI more frequently (63.3%) than patients
with hospital-acquired (34.8%) or healthcare-associated IED
(40.8%) (Additional file 9: Table S8). However, in general,
the signs and symptoms of IED were observed at compa-
rable rates between bacteremic and non-bacteremic IED
(Additional file 9: Table S8).

One or more complications of IED were reported in
20.0% (48/240) of patients (median duration, 4 days [IQR
2-10]). The most common complication was kidney dys-
function (12.9%; [31/240]) (Table 2). A diagnostic or inter-
ventional procedure associated with invasive disease was
performed in 65.0% of patients.
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Table 1 Baseline characteristics of patients with invasive IED stratified by bacteremic and non-bacteremic IED (FAS)

Bacteremic IED Non-bacteremic IED All IED
Analysis set: FAS 193 47 240
Age at the time of diagnosis (years), n 193 47 240
Median 74.0 75.0 75.0
Range (min, max) (60, 97) (63, 96) (60, 97)
Age category, n (%)
60-74 97 (50.3) 20 (42.6) 117 (48.8)
75-84 61 (31.6) 18 (38.3) 79 (32.9)
>85 35 (18.1) 9(19.1) 44 (18.3)
Sex, n (%) 193 47 240
Female 96 (49.7) 26 (55.3) 122 (50.8)
Male 97 (50.3) 21 (44.7) 118 (49.2)
Race, n (%) 138 29 167
African 4(2.9) 3(10.3) 74.2)
Asian 26 (18.8) 4 (13.8) 30 (18.0)
Hispanic or Latino 0 1(3.4) 1(0.6)
Indian 1(0.7) 0 1 (0.6)
White 107 (77.5) 21(72.4) 128 (76.6)
Current living status, n (%) 193 47 240
At home 178 (92.2) 42 (89.4) 220 (91.7)
Long-term care facility 12 (6.2) 5(10.6) 17 (7.1)
Other 3(1.6) 0 3(1.3)
Traveled outside home country (6 mo before IED), n (%) 193 47 240
Yes 3(1.6) 12.1) 4(1.7)
No 167 (86.5) 26 (55.3) 193 (80.4)
Unknown 23 (11.9) 20 (42.6) 43 (17.9)
Medication use (3 mo before IED), n (%) 193 47 240
Antibiotics 73 (37.8) 17 (36.2) 90 (37.5)
Immunosuppressive therapy® 54 (28.0) 4 (8.5) 58 (24.2)
Underlying conditions (> 15% of patients), n (%)
Cardiovascular disease 124 (64.2) 30 (63.8) 154 (64.2)
Urinary tract infection 67 (34.7) 23 (48.9) 90 (37.5)
Diabetes mellitus 63 (32.6) 18 (38.3) 81 (33.8)
Malignancy 69 (35.8) 12 (25.5) 81 (33.8)
Gastrointestinal disease 31 (16.1) 8 (17.0) 39 (16.3)
Urinary catheterization 33 (17.1) 4 (8.5) 37 (15.4)
Chronic kidney disease 31 (16.1) 4 (8.5) 35 (14.6)
Chronic obstructive pulmonary disease 24 (12.4) 11 (23.4) 35 (14.6)

FAS full analysis set, IED invasive Escherichia coli disease, UTI urinary tract infection

“Immunosuppressive therapy included steroids, anticancer chemotherapy, radiation therapy, or cytotoxic drugs

Clinical outcome and treatment of IED

Through 28 days of follow-up, 206 patients were discharged
(85.8%), 23 were hospitalized (9.6%), and 11 died (4.6%),
including 6 patients with bacteremic IED and 5 patients
with non-bacteremic IED. One patient with non-bactere-
mic I[ED died from COVID-19. All patients received anti-
biotic therapy for IED at the time of study inclusion. The
most commonly used antibiotics (> 10% of patients) were
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ciprofloxacin (50.8%), followed by piperacillin/tazobac-
tam (27.9%), piperacillin (14.6%), amoxicillin-clavulanate
(11.7%), meropenem (11.7%), and vancomycin (10.0%)
(Additional file 10: Table S9).

Microbiological characterization of IED

Samples from blood, urine or other sterile sites were avail-
able for 240 patients. The number of samples yielding E.
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Table 2 Clinical presentation of patients with invasive IED by bacteremic and non-bacteremic IED (FAS)

Bacteremic IED Non-bacteremic IED Al IED
Analysis set: FAS 193 47 240
Any general symptom of IED**, n (%) 113 (58.5) 29 (61.7) 142 (59.2)
Any laboratory values indicating bacterial infection and/or 166 (86.0) 29 (42.0) 195 (81.3)
sepsis®®, n (%)
Diarrhea®, n (%) 11(5.7) 3(6.4) 14 (5.8)
SIRS evaluated, n (%)
0 criteria 19 (9.8) 3(6.4) 22(9.2)
> 1 criterion 174 (90.2) 44 (93.6) 218 (90.8)
>?2 criteria 125 (64.8) 33 (70.2) 158 (65.8)
>3 criteria 60 (31.1) 14 (29.8) 74 (30.8)
4 criteria 94.7) 2(4.3) 11 (4.6)
SIRS criteria
Tachycardia®, n 190 47 237
Tachycardia (present), n (%) 109 (57.4) 31 (66.0) 140 (59.1)
Tachypnea?, n 120 44 164
Tachypnea (present), n (%) 41 (34.2) 17 (38.6) 58 (35.4)
Abnormal temperature®, n 187 46 233
Abnormal temperature (present), n (%) 108 (57.8) 26 (56.5) 134 (57.5)
Leukocytosis, leukopenia, or bandemia’, n 193 47 240
Leukocytosis, leukopenia, or bandemia (present), n (%) 110 (57.0) 19 (40.4) 129 (53.8)
Total SOFA score®, n (%) 193 47 240
Score >?2 120 (62.2) 25 (53.2) 145 (60.4)
Score <2 73 (37.8) 22 (46.8) 95 (39.6)
Mean (SD) 2.57 (2.106) 1.89 (1.784) 2.44 (2.061)
Q1, median, Q3 1,2,4 0,2,3 1,2,4
Range (min, max) 0,9 0,7 0,9
qSOFA score™, n (%)
Score 0 137 (71.0) 22 (46.8) 159 (66.3)
Score 1 43 (22.3) 15 (31.9) 58 (24.2)
Score 2 13 (6.7) 10 (21.3) 23 (9.6)
Score 3 0 0 0(0)
Sepsis®, n (%) 138 (71.5) 35 (74.5) 173 (72.1)
Septic shock®, n (%) 21 (10.9) 3(6.4) 24 (10.0)
UTI (one or more signs/symptoms)A, n (%) 88 (45.6) 33 (70.2) 121 (50.4)
Nausea/vomiting 29 (15.0) 7(14.9) 36 (15.0)
Dysuria 20 (10.4) 7 (14.9) 27 (11.3)
Hematuria 16 (8.3) 10 (21.3) 26 (10.8)
Flank pain 20 (10.4) 5(10.6) 25 (10.4)
Suprapubic pain/tenderness 13 (6.7) 10 (21.3) 23 (9.6)
Pyuria 13 (6.7) 9 (19.1) 22(9.2)
Urgency and/or frequency to void 11 (5.7) 7(14.9) 18 (7.5)
Straining to void 8(4.1) 2 (4.3) 10 (4.2)
Small voids 3(1.6) 0 3(1.3)
Other 11(5.7) 6 (12.8) 17 (7.1)
Complications of IED, n (%) 40 8 48
Kidney dysfunction 25 (13.0) 6 (12.8) 31 (12.9)
Hypotension 10 (5.2) 2(4.3) 12 (5.0)
Heart dysfunction 6(3.1) 0 6(2.5)
Lung dysfunction 5(2.6) 0 5@2.1)
Disseminated intravascular coagulation 4(2.1) 0 4(1.7)
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Table 2 (continued)

Bacteremic IED Non-bacteremic IED Al IED
Brain dysfunction 2 (1.0) 0 2 (0.8)
Hypoperfusion 2 (1.0) 0 2 (0.8)
Pneumonia 2(1.0) 0 2 (0.8)
Hepatic dysfunction 1(0.5) 0 1(0.4)
Other 14 (7.3) 0 14 (5.8)

FAS full analysis set, IED invasive Escherichia coli disease, Paco, partial pressure of carbon dioxide, SIRS systemic inflammatory response syn-
drome, SOFA Sequential Organ Failure Assessment, U7/ urinary tract infection, WBC white blood cell

2General symptoms of IED are malaise, fatigue, muscle pain, or chills

®Any laboratory values indicating an important bacterial infection and/or sepsis, including, but not limited to, white blood cell count or imma-
ture bands, platelets, prothrombin time, activated partial thromboplastin time, bilirubin, creatinine

“Heart rate > 90 beats per min

dRespiratory rate > 20 breaths per min or arterial carbon dioxide tension, Paco, <32 mm Hg
°Body temperature > 38 °C (100.4 °F) or hypothermia (body temperature <36 °C [96.8 °F])
Leukocytosis: WBC> 12,000 cells/mm® (or 12x 10° cells/L); or leukopenia: WBC <4,000 cells/mm? (or 4x 10° cells/L); or bandemia> 10%

band cells
£A SOFA score > 2 indicates the presence of sepsis
" A qSOFA score > 2 indicates that the patient is likely to be septic

APatients may appear in > 1 category

coli was 334; 209 (62.6%) were blood, 119 (35.6%) were
urine, and 6 (1.8%) were sterile-site samples. E. coli was
the only pathogen in 82.6% of samples and was detected
alongside other pathogens in 17.4% of samples. The most
common co-occurring pathogens were Enterococcus fae-
cium (22.4% [13/58]; all in patients with bacteremic IED),
Enterococcus faecalis (12.1% [7/58]; 5 in patients with bac-
teremic IED and 2 in patients with non-bacteremic IED), and
Klebsiella pneumoniae (10.3% [6/58]; all in patients with
bacteremic IED). Of 96 urine samples meeting the criterion
of > 10° CFU/mL, 64.6% fulfilled the criterion of > 10° CFU/
mL.

Antimicrobial resistance of causative E. coli isolates

Of 304 E. coli culture—positive isolates that were sent to the
central laboratory, 5 isolates were deemed duplicates and
discarded. Among 299 isolates from 238 patients (Fig. 1)
included in AST, the resistance rates were 30.4% for trimeth-
oprim-sulfamethoxazole, 22.1% for levofloxacin, 24.1% for
ciprofloxacin, 4.3% for ceftazidime, 5.7% for cefepime, and
16.4% for ceftriaxone (Table 3). No resistance was found
among 7 evaluated last-resort antibiotics (ceftazidime/avi-
bactam, ceftolozane/tazobactam, doripenem, ertapenem,
imipenem, and meropenem). When analyzing isolates col-
lected in 11 patients who died (12 isolates), increased resist-
ance rates were observed for trimethoprim-sulfamethoxazole
(41.7%), levofloxacin (33.3%) and ciprofloxacin (33.3%)
(Additional file 11: Table S10). However, the resistance
rates were comparable between the 179 isolates collected
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from 143 patients with septic IED and 120 isolates from 95
patients with non-septic IED (Additional file 12: Table S11).

Discussion

This study described the clinical features of IED and AMR
patterns of causative E. coli isolates among prospectively
enrolled, hospitalized adults aged > 60 years. We defined
IED as a bacterial infection with acute systemic conse-
quences by using a composite clinical and microbiological
criteria, including the clinical evaluation against the requi-
site scores of SIRS, SOFA, and gSOFA and a microbiologi-
cal confirmation of > 1 E. coli isolate cultured from blood,
urine, or an otherwise sterile body site [2, 3]. This defini-
tion allowed us to differentiate between bacteremic and non-
bacteremic IED and to perform a fine-grained stratification
of IED according to the infection acquisition setting and the
source of infection.

IED was bacteremic in the majority of patients (80.4%).
The most common culture-positive site was blood (62.6%).
In line with these observations, a retrospective multicenter
cohort study of 902 predominantly elderly patients with
IED reported that 77.9% of E. coli isolates originated
from blood [2]. In this study, approximately one-half of
infections were community-acquired (50.4%), whereas
hospital-acquired infections were markedly less frequent
(20.0%). This finding is corroborated by international
and nationwide epidemiologic data showing the predomi-
nance of community-acquired E. coli BSI [8, 22—-24], and
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Table 3 Number and percentage of resistant E. coli isolates collected
from patients with invasive IED (FAS)

All IED
Analysis set: FAS 238
Number of E. coli isolates with AST performed 299
Number of E. coli isolates resistant to a given
antibiotic®™, (%)
Amikacin 2(0.7)
Ampicillin 168 (56.2)
Ampicillin-sulbactam 56 (18.7)
Aztreonam 27 (9.0%)
Cefazolin 56 (18.7)
Cefepime 17 (5.7)
Ceftazidime 13 (4.3)
Ceftriaxone 49 (16.4)
Ciprofloxacin 72 (24.1)
Colistin 3(1.0)
Gentamicin 33 (11.0)
Levofloxacin 66 (22.1)
Minocycline 18 (6.0)
Piperacillin-tazobactam 5(1.7)
Tetracycline 91 (30.4)
Tigecycline 1(0.3)
Tobramycin 30 (10.0)
Trimethoprim-sulfamethoxazole 91 (30.4)
Number of E. coli isolates resistant to antibiotic by class,
(%)
> 1 antibiotic in > 1 drug class 186 (62.2)
> 1 antibiotic in >2 drug classes 136 (45.5)
> 1 antibiotic in >3 drug classes 104 (34.8)

Antibiotic drug classes evaluated: aminoglycoside, carbapenem,
cephalosporin, fluoroquinolone, folate pathway inhibitor(s), fosfomy-
cin, nitrofurantoin, penicillin, penicillin/p-lactamase inhibitor, poly-
myxin/lipopeptide, and tetracycline. Interpretations regarding suscep-
tibility or resistance were reported according to CLSI and EUCAST
established breakpoints (the latter was used only for colistin MIC
interpretation) [20, 21]

AST antimicrobial susceptibility test, CLSI Clinical and Laboratory
Standards Institute, EUCAST European Committee on Antimicrobial
Susceptibility Testing, MIC minimal inhibitory concentration

*Denominator is total number of E. coli isolates with AST performed
bA patient may have more than one isolate test result

“None of the E. coli isolates were resistant to the following antibi-
otics: ceftazidime-avibactam, ceftolozane-tazobactam, doripenem,
ertapenem, imipenem, meropenem and nitrofurantoin

substantially lower reported rates of hospital-onset inva-
sive E. coli infections [22, 25]. In addition, the urinary
tract was the most common primary source of infection
(62.9%), consistent with the data reported in a systematic
review documenting the urinary tract as the leading source
of E. coli bacteremia [13], and with the data revealing

higher prevalence of BSIs originating from the urinary
tract in older versus younger populations [26].

Sepsis and septic shock can be considered to be the most
severe forms of IED. In this study, the rates of investigator-
diagnosed sepsis and septic shock were 72.1% and 10.0%,
respectively. These observations contrast with the relatively
favorable patient outcomes observed through 28 days of
follow-up, with 9.6% of patients remaining hospitalized and
the in-hospital mortality rate of 4.6%. These outcomes are at
odds with the high sepsis-related mortality reported in the
literature [27-29]. For example, the average 30-day sepsis
mortality rate was 24.4% and increased to 34.7% with the
presence of shock according to the systematic review and
meta-analysis [27]. Furthermore, a retrospective cohort data
from 902 patients with IED, including 65.3% of those diag-
nosed with sepsis, reported the case fatality rate of 20.0%
that increased among older patients up to 22.2% [2]. In
addition, other forms of IED such as E. coli bacteremia are
associated with mortality ranging between 8.0% and 20.0%
[2, 7, 13, 22, 30]. The relatively low observed mortality in
this study might be due to the preponderance of infections
with a urinary focus of attention, which tend to be associ-
ated with lower mortality rates than infections in other sites
[31]. Alternatively, it could be attributed to the selection bias
toward enrolling less severe IED cases in countries where
informed consent was an eligibility requirement. As the
waiver for informed consent was only obtained for patients
enrolled in the United States and Canada, other sites might
have enrolled a higher proportion of patients who were
physically and mentally capable for consent and therefore
at a lower risk of death due to IED.

The highest rate of AMR was found for trimethoprim-sul-
famethoxazole (30.4%), followed by ciprofloxacin (24.1%),
levofloxacin (22.1%), and ceftriaxone (16.4%). These rates
are comparable with those reported in multinational and
nationwide studies of invasive E. coli infections [2, 22,
32]. In addition, increased resistance rates to trimethoprim-
sulfamethoxazole and fluoroquinolones were observed for
isolates collected in 11 patients who died, equaling to 41.7%
and 33.3%, respectively. When analyzing AMR in patients
stratified by the presence of sepsis, however, comparable
resistance rates with those found in the overall study pop-
ulation were observed. Epidemiological data on AMR of
E. coli isolates in culture-proven sepsis shows wide vari-
ation across studies, which could be attributed to the dif-
ferences in geographical coverage and bacterial etiologies.
For instance, among U.S. patients hospitalized with commu-
nity-acquired sepsis, the net prevalence for > 1 g-negative
resistant organism (including ceftriaxone-resistant patho-
gens, extended-spectrum f-lactamase-producing pathogens
and carbapenem-resistant Enterobacteriaceae), was 13.2%
[5]. By contrast, nationwide studies report markedly higher
resistance for gram-negative pathogens (including E. coli) in

@ Springer



J.Doua etal.

patients with sepsis with resistance rates to broad-spectrum
cephalosporins and fluoroquinolones upward of 60-90%
[33-35]. In addition, quantifying the causal contribution
of AMR to 30-day mortality using observational data is
notoriously difficult. In a parallel-matched cohort study of
1954 patients with gram-negative infections admitted in
Dutch hospitals, including 61.0% of infections caused by E.
coli, AMR was not associated with 30-day mortality [36].

Resistance to carbapenems was not found among the 240
E. coli isolates. Although resistance among Enterobacte-
riaceae is increasing overall, this is largely found among
Klebsiella pneumoniae isolates, whose rates of AMR exceed
25% in some European countries. In contrast, E. coli resist-
ance rates against carbapenems were generally still under
1% in Europe throughout in 2022 [37].

In this study, we used a composite case definition for
identifying IED [2, 3, 38] based on the culture confirma-
tion from blood; or from urine or an otherwise sterile body
site in the presence of requisite clinical criteria of SIRS,
SOFA, and gSOFA. Although IED diagnosis can be justified
solely on the basis of SIRS criteria combined with an E. coli
culture—positive sterile-site sample, the addition of clinical
criteria of SOFA can optimize capture of IED, especially
among patients who have a positive urine sample without a
positive sterile-site sample. Our data show that more than
one-third of patients (34.2%) failed to meet at least two cri-
teria of SIRS, supporting the utility of combining SIRS and
SOFA assessments when evaluating patients for the pres-
ence of IED. In line with this, a recent study estimated that
86% of IED cases would have been retrospectively identified
using both SOFA and SIRS criteria as opposed to 62% of
cases that would have been identified based on SOFA scores
alone [2]. Elderly patients might especially pose challenges
with regards to the exclusive use of SIRS criteria to capture
IED due to a blunted or absent fever response that occurs in
approximately 20-30% of cases [39], and the lack of routine
respiratory rate assessments, which are frequently neglected
in hospitals [40].

Several limitations should be considered when inter-
preting the findings of this study. First, a selection bias in
countries where informed consent was required cannot be
ruled out, which might partially explain the lower mortal-
ity rate compared with those observed in other observa-
tional studies. Second, the observed high rate of bactere-
mic episodes might be attributed to the nonconsecutive
enrollment of all the samples that had been drawn. As the
sites often reported only positive samples, the enrollment
might have been biased toward the inclusion of positive
blood cultures leading to the under-representation of con-
firmed urine cultures that were required to establish the
presence of urosepsis. Third, a bias might have occurred
with regards to the indication of the diagnostic tests per-
formed in the presence of suspected invasive bacterial
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infection. Surgeons frequently do not submit intra-abdom-
inal samples for microbiological testing for non-severe
community-acquired invasive abdominal site infections
(e.g. acute cholecystitis, acute appendicitis), whereas
blood culture testing might be infrequently performed
for UTI and pyelonephritis. These latter two limitations
might have resulted in the lower reported percentage of
non-bacteremic cases. Fourth, treatment information on
empirical versus targeted prescriptions were not captured
in the case report form, and the lack of information on the
proportion of initial treatments that were active against
the causative bacteria precludes drawing links between
empirical therapy and clinical outcomes. Fifth, a discrep-
ancy in the rates of investigator-diagnosed sepsis (72.1%)
and the presence of sepsis as evidenced by > 2 points in
the SOFA score (60.4%) might suggest a less stringent
application of Sepsis-3 guidelines by the participating
hospital sites. Sixth, although selection criteria were used
to ensure selection of adequate study sites, the inability
to randomly select study sites could have resulted in sys-
tematic and undetectable measurement errors. Finally, the
lack of data on prior hospitalizations in sites other than
participating hospitals might have led to misclassifying
healthcare-associated infections as community-acquired.

In conclusion, we used a prospective, observational
design to characterize the clinical profile of IED, using a
case definition of IED based on culture results and clini-
cal criteria, and AMR patterns of causative E. coli iso-
lates in a multinational cohort of 240 hospitalized adults
aged > 60 years. The clinical profile of identified IED cases
was characterized by high rates of investigator-diagnosed
sepsis. In light of the above-mentioned limitations of the
study design likely resulting in a higher representation of
bacteremic IED and less severe forms of IED, the low
prevalence of non-bacteremic cases (19.6%) and the rela-
tively low rate of mortality in the overall IED population
(4.6%) should be interpreted with caution. Among antibi-
otics deemed clinically relevant for the treatment of IED,
the highest resistance rates were found for trimethoprim-
sulfamethoxazole (30.4%), ciprofloxacin (24.1%), levoflox-
acin (22.1%), and ceftriaxone (16.4%). The resistance to
trimethoprim-sulfamethoxazole and fluoroquinolones was
increased among isolates collected in patients who died.
Identification of IED can be optimized by using the com-
bination of clinical criteria (SIRS and SOFA, or qSOFA)
and culture results. A combined use of SIRS and SOFA
criteria could improve detection of IED, especially in the
context of double-blind, placebo-controlled, randomized,
phase 3 vaccine efficacy trials that aim to detect an IED
endpoint in an enrolled population of elderly participants.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s15010-023-02163-z.


https://doi.org/10.1007/s15010-023-02163-z

Clinical presentation and antimicrobial resistance of invasive Escherichia coli disease...

Acknowledgements The research leading to these results was con-
ducted as part of the COMBACTE Consortium. For further infor-
mation, please refer to www.COMBACTE.com. Madison Violette,
Sonal Munshi, Moussa Aitabi (Janssen); Christine Lammens, Sofie
Van Mieghem, Sandra Van Puyvelde, Basil Britto Xavier (Laboratory
of the Medical Microbiology of University of Antwerp, Belgium);
Anna Maria Azzini, Elda Righi, Nicola Duccio Salerno, Giuliana
Lo, Cascio Eleonora Cremonini (University of Verona, Italy); Alvaro
Pascual, Reinaldo Espindola, Virginia Palomo (Hospital Universitario
Virgen Macarena, Seville, Spain); Sarah Walker (University Hospital
of Cologne, Germany); Felicia Ruffin and Michael Dagher (Duke Uni-
versity, United States of America) assisted with conducting the study.
Medical writing support was provided by Andreja Varjacié¢, PhD, of
Eloquent Scientific Solutions, and funded by Janssen Global Services,
LLC.

Author contributions Conceptualization: JD, JR-B, RF, PP, SvR, TV,
IM, 1Y, BS, ET, LMB, JTT, HG, JP, MB, ME. Data Curation: JD, JR-B,
RF, PP, OG, IG, SvR, TV, IM, 1Y, BS, ET, LMB, JTT, MS, HG, JP,
MB, ME. Formal Analysis: JD, OG, JG, SvR, TV, BS, MS, JP, ME.
Funding Acquisition: JD, JG, SvR, TV, MS, HG, JP, MB. Investigation:
JD, JR-B, RF, PP, JG, SvR, TV, IM, 1Y, BS, ET, LMB, JTT, MS, HG,
JP, MB, ME. Methodology: JD, JR-B, RF, PP, OG, JG, SvR, TV, IM,
1Y, BS, ET, LMB, JTT, MS, HG, JP, MB, ME. Project Administration:
ID, OG, JG, SvR, TV, BS, MS, HG, JP, MB, ME. Resources: JD, JR-B,
RF, PP, OG, JG, SvR, TV, IM, 1Y, BS, ET, LMB, JTT, MS, HG, JP,
MB, ME. Software: JD, OG, JG, SvR, TV, BS, MS, HG, JP, MB, ME.
Supervision: JD, JG, SvR, TV, BS, MS, HG, JP, MB, ME. Validation:
JD, JR-B, RF, PP, JG, SvR, TV, IM, 1Y, BS, ET, LMB, JTT, MS, HG,
JP, MB, ME. Visualization: JD, JR-B, RF, PP, OG, JG, SvR, TV, IM,
1Y, BS, ET, LMB, JTT, MS, HG, JP, MB, ME. Writing — Original
Draft Preparation: JD, OG, JG, TV, BS, MS, HG, JP, MB, ME Writing
—Review & Editing: JD, JR-B, RF, PP, OG, JG, SvR, TV, IM, 1Y, BS,
ET, LMB, JTT, MS, HG, JP, MB, ME.

Funding The University Medical Center Utrecht (UMCU, the
Netherlands;https://www.umcutrecht.nl/en/) sponsored the study. Jans-
sen Research & Development was the European Federation of Phar-
maceutical Industries and Associations (EFPIA) partner. This research
project received support from the Innovative Medicines Initiative Joint
Undertaking under grant agreement n° 115523 resources of which are
composed of financial contribution from the European Union Seventh
Framework Program (FP7/2007-2013), and EFPIA companies in kind
contribution. The UMC Utrecht and Janssen Research & Development
played a role in study design, data collection and analysis, decision to
publish, and preparation of the manuscript.

Availability of data and materials Although these data are not currently
publicly available for sharing, requests for sharing can be sent to the
Corresponding Author and will be evaluated on an individual basis.

Declarations

Conflict of interest JD: Employee and stock option owner of Jans-
sen Research & Development, a pharmaceutical company of Johnson
& Johnson. OG: Employee of Janssen Research & Development, a
pharmaceutical company of Johnson & Johnson and a shareholder of
Johnson & Johnson. JG: Employee and stock (option) owner of Jans-
sen Vaccines & Prevention, a pharmaceutical company of Johnson &
Johnson. BS: Employee and share owner of Johnson & Johnson. MS:
Employee and unrestricted share owner of Janssen Vaccines, Branch
of Cilag GmbH International, a Johnson & Johnson company. JP: Em-
ployee and stock option owner of Janssen Research & Development, a
pharmaceutical company of Johnson & Johnson. MB: Grants paid to
University Medical Center Utrecht (UMCU) from CureVac, Janssen

Vaccines, Merck, and Novartis; honoraria payments to MIMB from
Takeda; participation on a Data Safety Monitoring Board supported by
AstraZeneca, Merck, Novartis, Pfizer, Sanofi, and Spherecydes. JRB,
RF, PP, SvR, TV, IM, 1Y, ET, LMB, JTT, HG, ME: The authors de-
clare that they have no competing interests. Author(s) JD, OG, JG, BS,
MS, and JP belong to EFPIA (European Federation of Pharmaceuti-
cal Industries and Association) member companies in the Innovative
Medicines Initiative Joint Undertaking (IMI JU), and costs related to
their part in the research were carried by the respective company as in
kind contribution under the IMI JU scheme.

Ethical approval and consent to participate This study was conducted
in accordance with the ethical principles that have their origin in the
Declaration of Helsinki and that are consistent with Good Clinical
Practices and applicable regulatory requirements. In countries where
no waiver was obtained, participants or their legally acceptable rep-
resentatives provided their written consent to participate in the study
after having been informed about the nature/purpose of the study, and
the participation and termination conditions. The protocol, Informed
Consent Form, and other relevant documents were submitted to an
Institutional Review Board/Independent Ethics Committee (IRB/IEC)
by the investigator and reviewed and were approved by the IRB/IEC
before the study was initiated.

Consent for publication Not available.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Vila J, Séez-Lépez E, Johnson JR, Romling U, Dobrindt U,
Cantén R, et al. Escherichia coli: an old friend with new tidings.
FEMS Microbiol Rev. 2016;40:437-63. https://doi.org/10.1093/
femsre/fuw005.

2. Doua J, Geurtsen J, Rodriguez-Bano J, Cornely OA, Go O,
Gomila-Grange A, et al. Epidemiology, clinical features, and
antimicrobial resistance of invasive Escherichia coli disease in
patients admitted in tertiary care hospitals. Open Forum Infect
Dis. 2023;10:0fad026. https://doi.org/10.1093/ofid/ofad026.

3. Geurtsen J, de Been M, Weerdenburg E, Zomer A, McNally A,
Poolman J. Genomics and pathotypes of the many faces of Escher-
ichia coli. FEMS Microbiol Rev. 2022. https://doi.org/10.1093/
femsre/fuac031.

4. De Oliveira DMP, Forde BM, Kidd TJ, Harris PNA, Schembri
MA, Beatson SA, et al. Antimicrobial resistance in ESKAPE
pathogens. Clin Microbiol Rev. 2020. https://doi.org/10.1128/
CMR.00181-19.

5. Rhee C, Kadri SS, Dekker JP, Danner RL, Chen HC, Fram D, et al.
Prevalence of antibiotic-resistant pathogens in culture-proven sep-
sis and outcomes associated with inadequate and broad-spectrum

@ Springer


http://www.COMBACTE.com
https://www.umcutrecht.nl/en/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/femsre/fuw005
https://doi.org/10.1093/femsre/fuw005
https://doi.org/10.1093/ofid/ofad026
https://doi.org/10.1093/femsre/fuac031
https://doi.org/10.1093/femsre/fuac031
https://doi.org/10.1128/CMR.00181-19
https://doi.org/10.1128/CMR.00181-19

J.Doua etal.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

empiric antibiotic use. JAMA Netw Open. 2020;3: €202899.
https://doi.org/10.1001/jamanetworkopen.2020.2899.

Gagliotti C, Balode A, Baquero F, Degener J, Grundmann H, Giir
D, et al. Escherichia coli and Staphylococcus aureus: bad news
and good news from the European Antimicrobial Resistance Sur-
veillance Network (EARS-Net, formerly EARSS), 2002-2009.
Euro Surveill. 2011. https://doi.org/10.2807/ese.16.11.19819-en.
Blandy O, Honeyford K, Gharbi M, Thomas A, Ramzan F, Elling-
ton MJ, et al. Factors that impact on the burden of Escherichia
coli bacteraemia: multivariable regression analysis of 2011-2015
data from West London. J Hosp Infect. 2019;101:120-8. https://
doi.org/10.1016/.jhin.2018.10.024.

Bou-Antoun S, Davies J, Guy R, Johnson AP, Sheridan EA,
Hope RJ. Descriptive epidemiology of Escherichia coli bacte-
raemia in England, April 2012 to March 2014. Euro Surveill.
2016. https://doi.org/10.2807/1560-7917.Es.2016.21.35.30329.
Kusama Y, Ito K, Fukuda H, Matsunaga N, Ohmagari N. National
database study of trends in bacteraemia aetiology among chil-
dren and adults in Japan: a longitudinal observational study.
BMIJ Open. 2021;11: e043774. https://doi.org/10.1136/bmjop
en-2020-043774.

Ling W, Paterson DL, Harris PNA, Furuya-Kanamori L, Edwards
F, Laupland KB. Population-based incidence and characteris-
tics of adult Escherichia coli bloodstream infection in Queens-
land, Australia, from 2000 to 2019. Open Forum Infect Dis.
2023;10:0fad071. https://doi.org/10.1093/ofid/ofad071.

van der Mee-Marquet NL, Blanc DS, Gbaguidi-Haore H, Dos
Santos BS, Viboud Q, Bertrand X, et al. Marked increase in inci-
dence for bloodstream infections due to Escherichia coli, a side
effect of previous antibiotic therapy in the elderly. Front Micro-
biol. 2015;6:646. https://doi.org/10.3389/fmicb.2015.00646.
Vihta KD, Stoesser N, Llewelyn MJ, Quan TP, Davies T, Faw-
cett NJ, et al. Trends over time in Escherichia coli bloodstream
infections, urinary tract infections, and antibiotic susceptibili-
ties in Oxfordshire, UK, 1998-2016: a study of electronic health
records. Lancet Infect Dis. 2018;18:1138-49. https://doi.org/10.
1016/51473-3099(18)30353-0.

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;72:1211-9. https://doi.org/10.1093/cid/ciaa210.

Friedman ND, Temkin E, Carmeli Y. The negative impact of anti-
biotic resistance. Clin Microbiol Infect. 2016;22:416-22. https://
doi.org/10.1016/j.cmi.2015.12.002.

Pitout JD. Extraintestinal pathogenic Escherichia coli: an update
on antimicrobial resistance, laboratory diagnosis and treatment.
Expert Rev Anti Infect Ther. 2012;10:1165-76. https://doi.org/10.
1586/eri.12.110.

MacKinnon MC, Sargeant JM, Pearl DL, Reid-Smith RJ, Carson
CA, Parmley EJ, et al. Evaluation of the health and healthcare
system burden due to antimicrobial-resistant Escherichia coli
infections in humans: a systematic review and meta-analysis.
Antimicrob Resist Infect Control. 2020;9:200. https://doi.org/10.
1186/513756-020-00863-x.

Antimicrobial Resistance Collaborators. Global burden of bacte-
rial antimicrobial resistance in 2019: a systematic analysis. Lan-
cet. 2022;399:629-55. https://doi.org/10.1016/s0140-6736(21)
02724-0.

ClinicalTrials.gov: A study of vaccination with 9-valent
extraintestinal pathogenic Escherichia coli vaccine (ExXPEC9V)
in the prevention of invasive extraintestinal pathogenic Escheri-
chia coli disease in adults aged 60 years and older with a history
of urinary tract infection in the past 2 years. https://clinicaltrials.
gov/ct2/show/NCT04899336 Accessed 7 Feb 2023.

Singer M, Deutschman CS, Seymour CW, Shankar-Hari
M, Annane D, Bauer M, et al. The third international

Springer

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

consensus definitions for sepsis and septic shock (Sepsis-3).
JAMA. 2016;315:801-10. https://doi.org/10.1001/jama.2016.
0287.

Performance standards for antimicrobial susceptibility testing.
30th ed. CLSI supplement M100. Wayne, PA: Clinical and Labo-
ratory Standards Institute; 2020.

The European Committee on Antimicrobial Susceptibility Testing.
Breakpoint tables for interpretation of MICs and zone diameters.
Version 11.0; 2021.

Begier E, Rosenthal NA, Gurtman A, Kartashov A, Donald RGK,
Lockhart SP. Epidemiology of invasive Escherichia coli infec-
tion and antibiotic resistance status among patients treated in US
hospitals: 2009-2016. Clin Infect Dis. 2021;73:565-74. https://
doi.org/10.1093/cid/ciab005.

Feldman SF, Temkin E, Wullfhart L, Nutman A, Schechner V,
Shitrit P, et al. A nationwide population-based study of Escheri-
chia coli bloodstream infections: incidence, antimicrobial resist-
ance and mortality. Clin Microbiol Infect. 2022;28:879.e1-879.
e7. https://doi.org/10.1016/j.cmi.2021.12.009.

MacKinnon MC, McEwen SA, Pearl DL, Lyytikédinen O, Jacob-
sson G, Collignon P, et al. Increasing incidence and antimi-
crobial resistance in Escherichia coli bloodstream infections:
a multinational population-based cohort study. Antimicrob
Resist Infect Control. 2021;10:131. https://doi.org/10.1186/
$13756-021-00999-4.

MacKinnon MC, McEwen SA, Pearl DL, Lyytikdinen O,
Jacobsson G, Collignon P, et al. Mortality in Escherichia coli
bloodstream infections: a multinational population-based cohort
study. BMC Infect Dis. 2021;21:606. https://doi.org/10.1186/
$12879-021-06326-x.

Leibovici-Weissman Y, Tau N, Yahav D. Bloodstream
infections in the elderly: what is the real goal? Aging
Clin Exp Res. 2021;33:1101-12. https://doi.org/10.1007/
$40520-019-01337-w.

Bauer M, Gerlach H, Vogelmann T, Preissing F, Stiefel J,
Adam D. Mortality in sepsis and septic shock in Europe, North
America and Australia between 2009 and 2019-results from a
systematic review and meta-analysis. Crit Care. 2020;24:239.
https://doi.org/10.1186/s13054-020-02950-2.

Cohen J, Vincent JL, Adhikari NK, Machado FR, Angus DC,
Calandra T, et al. Sepsis: a roadmap for future research. Lancet
Infect Dis. 2015;15:581-614. https://doi.org/10.1016/s1473-
3099(15)70112-x.

Stevenson EK, Rubenstein AR, Radin GT, Wiener RS, Walkey
AJ. Two decades of mortality trends among patients with
severe sepsis: a comparative meta-analysis*. Crit Care Med.
2014;42:625-31. https://doi.org/10.1097/ccm.0000000000
000026.

Abernethy JK, Johnson AP, Guy R, Hinton N, Sheridan EA, Hope
RJ. Thirty day all-cause mortality in patients with Escherichia coli
bacteraemia in England. Clin Microbiol Infect. 2015;21:251.e1-8.
https://doi.org/10.1016/j.cmi.2015.01.001.

Abe T, Ogura H, Kushimoto S, Shiraishi A, Sugiyama T, Desh-
pande GA, et al. Variations in infection sites and mortality rates
among patients in intensive care units with severe sepsis and sep-
tic shock in Japan. J Intensive Care. 2019;7:28. https://doi.org/10.
1186/540560-019-0383-3.

Bell JM, Lubian AF, Partridge SR, Gottlieb T, Iredell J, Daley
DA, et al. Australian group on antimicrobial resistance (AGAR)
Australian Gram-negative sepsis outcome programme (GnSOP)
annual report 2020. Commun Dis Intell (2018). 2022. https://doi.
org/10.33321/cdi.2022.46.11.

Nagarjuna D, Mittal G, Dhanda RS, Gaind R, Yadav M. Alarming
levels of antimicrobial resistance among sepsis patients admit-
ted to ICU in a tertiary care hospital in India - a case control


https://doi.org/10.1001/jamanetworkopen.2020.2899
https://doi.org/10.2807/ese.16.11.19819-en
https://doi.org/10.1016/j.jhin.2018.10.024
https://doi.org/10.1016/j.jhin.2018.10.024
https://doi.org/10.2807/1560-7917.Es.2016.21.35.30329
https://doi.org/10.1136/bmjopen-2020-043774
https://doi.org/10.1136/bmjopen-2020-043774
https://doi.org/10.1093/ofid/ofad071
https://doi.org/10.3389/fmicb.2015.00646
https://doi.org/10.1016/s1473-3099(18)30353-0
https://doi.org/10.1016/s1473-3099(18)30353-0
https://doi.org/10.1093/cid/ciaa210
https://doi.org/10.1016/j.cmi.2015.12.002
https://doi.org/10.1016/j.cmi.2015.12.002
https://doi.org/10.1586/eri.12.110
https://doi.org/10.1586/eri.12.110
https://doi.org/10.1186/s13756-020-00863-x
https://doi.org/10.1186/s13756-020-00863-x
https://doi.org/10.1016/s0140-6736(21)02724-0
https://doi.org/10.1016/s0140-6736(21)02724-0
https://clinicaltrials.gov/ct2/show/NCT04899336
https://clinicaltrials.gov/ct2/show/NCT04899336
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1093/cid/ciab005
https://doi.org/10.1093/cid/ciab005
https://doi.org/10.1016/j.cmi.2021.12.009
https://doi.org/10.1186/s13756-021-00999-4
https://doi.org/10.1186/s13756-021-00999-4
https://doi.org/10.1186/s12879-021-06326-x
https://doi.org/10.1186/s12879-021-06326-x
https://doi.org/10.1007/s40520-019-01337-w
https://doi.org/10.1007/s40520-019-01337-w
https://doi.org/10.1186/s13054-020-02950-2
https://doi.org/10.1016/s1473-3099(15)70112-x
https://doi.org/10.1016/s1473-3099(15)70112-x
https://doi.org/10.1097/ccm.0000000000000026
https://doi.org/10.1097/ccm.0000000000000026
https://doi.org/10.1016/j.cmi.2015.01.001
https://doi.org/10.1186/s40560-019-0383-3
https://doi.org/10.1186/s40560-019-0383-3
https://doi.org/10.33321/cdi.2022.46.11
https://doi.org/10.33321/cdi.2022.46.11

Clinical presentation and antimicrobial resistance of invasive Escherichia coli disease...

34.

35.

36.

retrospective study. Antimicrob Resist Infect Control. 2018;7:150.
https://doi.org/10.1186/s13756-018-0444-8.

Jain P, Galiya A, Luke Philip S, Mateti UV, Supriya PS, Gudi SK,
et al. Bacteriological profile and antimicrobial resistance pattern
among patients with sepsis: a retrospective cohort study. Int J Clin
Pract. 2021;75: e14701. https://doi.org/10.1111/ijcp.14701.
Pradipta IS, Sodik DC, Lestari K, Parwati I, Halimah E, Diantini
A, et al. Antibiotic resistance in sepsis patients: evaluation and
recommendation of antibiotic use. N Am J Med Sci. 2013;5:344—
52. https://doi.org/10.4103/1947-2714.114165.

Rottier WC, Deelen JWT, Caruana G, Buiting AGM, Dorigo-
Zetsma JW, Kluytmans J, et al. Attributable mortality of antibiotic
resistance in gram-negative infections in the Netherlands: a paral-
lel matched cohort study. Clin Microbiol Infect. 2020. https://doi.
org/10.1016/j.cmi.2020.07.014.

Authors and Affiliations

37.

38.

39.

40.

European Centre for disease Prevention and Control (ECDC): Sur-
veillance Atlas of Infectious Diseases (2022). https://atlas.ecdc.
europa.eu/public/index.aspx. Accessed Nov 2023.

Rosenberg S, Bonten M, Haazen W, Spiessens B, Abbanat D, Go
O, et al. Epidemiology and O-serotypes of extraintestinal patho-
genic Escherichia coli disease in patients undergoing transrectal
ultrasound prostate biopsy: a prospective multicenter study. J
Urol. 2021;205:826-32. https://doi.org/10.1097/ju.0000000000
001425.

Norman DC. Fever in the elderly. Clin Infect Dis. 2000;31:148-
51. https://doi.org/10.1086/313896.

Chester JG, Rudolph JL. Vital signs in older patients: age-related
changes. ] Am Med Dir Assoc. 2011;12:337-43. https://doi.org/
10.1016/j.jamda.2010.04.009.

Joachim Doua''® . Jestis Rodriguez-Bafio?** - Rachel Froget® - Padma Puranam® - Oscar Go’ - Jeroen Geurtsen® -
Sanne van Rooij’ - Tuba Vilken'® - Inage Minoru'' - Izumi Yasumori'2 - Bart Spiessens' - Evelina Tacconelli'3 -
Lena M. BiehI'*'> . Joshua T. Thaden'® - Michal Sarnecki'” - Herman Goossens'® - Jan Poolman® - Marc Bonten® -
Miquel Ekkelenkamp'® - on behalf of the COMBACTE-NET Consortium/EXPECT Study Group

>4

Michal Sarnecki
sarnecki.michal @ gmail.com

Janssen Research and Development, Infectious Diseases
and Vaccines, Janssen Pharmaceutica, Beerse, Belgium

Unidad Clinica de Enfermedades Infecciosas y
Microbiologia, Hospital Universitario Virgen Macarena,
Seville, Spain

Department of Medicine, University of Sevilla
and Biomedicine Institute of Sevilla/CSIC, Seville, Spain

CIBERINFEC, Instituto de Salud Carlos III, Madrid, Spain

Inserm Clinical Investigation Center 1435, Dupuytren
University Hospital, Limoges, France

Health Sciences North Research Institute, Sudbury, ON,
Canada

Janssen Research and Development, Raritan, NJ, USA

Bacterial Vaccines Discovery and Early Development,
Janssen Vaccines & Prevention B.V., Leiden,
The Netherlands

Julius Center for Health Sciences and Primary Care,
University Medical Center Utrecht, Utrecht, The Netherlands

Laboratory of Medical Microbiology, Vaccine and Infectious
Disease Institute, University of Antwerp, Antwerp, Belgium

Department of Respiratory Medicine, Okitama Public
General Hospital, 2000, Nishi-Otsuka, Kawanishi, Yamagata,
Japan

Department of General Internal Medicine, National Hospital
Organization Nagasaki Medical Center, Nagasaki, Japan
Division of Infectious Diseases, Department of Diagnostic
and Public Health, University of Verona, Verona, Italy
Department I of Internal Medicine, Faculty of Medicine

and University Hospital of Cologne, University of Cologne,
50924 Cologne, Germany

German Centre for Infection Research, Partner Site
Bonn-Cologne, Cologne, Germany

Department of Medicine, Division of Infectious Diseases,
Duke University School of Medicine, Durham, NC, USA

Janssen Vaccines, Branch of Cilag GmbH International,
Bern, Switzerland

Department of Medical Microbiology, University Medical
Center Utrecht, Utrecht, The Netherlands

Present Address: European and Developing Countries
Clinical Trials Partnership (EDCTP), Brussels, Belgium

@ Springer


https://doi.org/10.1186/s13756-018-0444-8
https://doi.org/10.1111/ijcp.14701
https://doi.org/10.4103/1947-2714.114165
https://doi.org/10.1016/j.cmi.2020.07.014
https://doi.org/10.1016/j.cmi.2020.07.014
https://atlas.ecdc.europa.eu/public/index.aspx
https://atlas.ecdc.europa.eu/public/index.aspx
https://doi.org/10.1097/ju.0000000000001425
https://doi.org/10.1097/ju.0000000000001425
https://doi.org/10.1086/313896
https://doi.org/10.1016/j.jamda.2010.04.009
https://doi.org/10.1016/j.jamda.2010.04.009

	Clinical presentation and antimicrobial resistance of invasive Escherichia coli disease in hospitalized older adults: a prospective multinational observational study
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design and setting
	Population
	Outcomes
	Data sources and outcome measurement
	Clinical case identification of IED
	IED definitions
	Sepsis and septic shock
	Complications
	Isolate collection
	Sample processing
	Shipment of isolates and the central laboratory procedures
	Antimicrobial susceptibility testing
	Data quality assurance

	Statistical analyses

	Results
	Population
	Characterization of IED
	Clinical presentation of IED
	Clinical outcome and treatment of IED
	Microbiological characterization of IED
	Antimicrobial resistance of causative E. coli isolates

	Discussion
	Acknowledgements 
	References


